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Last time

• significant figures

• unit conversions (non-SI units)

• order of magnitude calculations



Overview

• introducing 1-D kinematics

• quantities of motion

• position, displacement, and distance

• speed and velocity



Order of magnitude exercise
What is the radius of the Earth?

Figure from https://www.antonine-education.co.uk, edited.

If you fly across the United States, how many time zones do you cross?
Answer: 3.

What is the average distance across the US? Answer: about 3000 miles.

On average, there are about 1000 miles of distance traveled per time zone.

How many time zones are around the Earth?

There must be 24 time zones around the earth in all since there are 24 hours in
the day.
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Order of magnitude examples

What is the circumference of the Earth?

Answer: about 24,000
miles.

The circumference of a circle is c = 2πr where r is the radius.
Take 2π ≈ 6. The radius of the Earth:

r =
c

2π
≈ 24, 000 mi

6
= 4, 000 mi

1 mi ≈ 1.6 km
Radius of the Earth in meters:

4, 000 mi× 1600 m/mi = 6, 400, 000 m = 6.4× 106 m

Actual answer: 6.37× 106 m Pretty close!

1maa.org
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Kinematics in 1-dimension

We begin by studying motion along a single line.

This will encompass situations like

• cars traveling along straight roads

• objects falling straight down under gravity



Vectors and Scalars

scalar

A scalar quantity indicates an amount. It is represented by a real
number. (Assuming it is a physical quantity.)

vector

A vector quantity indicates both an amount (magnitude) and a
direction. It is represented by a real number for each possible
direction, or a real number and (an) angle(s).
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Notation for Vectors

In the lecture notes vector variables are represented using bold
variables with over arrows. This is to match the textbook.

Example:
k is a scalar
#»x (or x) is a vector

In handwriting, just write an arrow or “harpoon” over the variable
to indicate it is a vector.

The magnitude of a vector, #»v is written:

| #»v | = v



Unit Vectors

Unit vectors are one-unit-long vectors that just give a direction.

Since we are only considering 1-dimension right now, we only need
one so far: î

It is written with a “carrot” over the letter to indicate it is a unit
vector.

î is a unit vector pointing in the +x direction. In the textbook, x̂ is
used for this.
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Examples of Scalars and Vectors

Some physical quantities that are scalars are

• temperature

• mass

• pressure

Some physical quantities that are vectors are

• velocity

• force



Distance vs Displacement

How far are two points from one another?

Distance is the length of a path that connects the two points.

Displacement is the length together with the direction of a
straight line that connects the starting position to the final
position.

Displacement is a vector.



Position

Quantities

position #»x or #»r

displacement
#   »

∆x = #»x f −
#»x i (or

#  »

∆r)

distance d

Position and displacement are vector quantities.

Position and displacement can be positive or negative
numbers.

Distance is a scalar. It is always a positive number.
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∆r)

distance d

Position and displacement are vector quantities.

Position and displacement can be positive or negative
numbers.

Distance is a scalar. It is always a positive number.

Units: meters, m



Position, Displacement, Distance Example

The starting position of the car is #»x i = 30 m î, the final position is
#»x f = 50 m î.

The distance the car travels is

22 Chapter 2 Motion in One Dimension

obtain reasonably accurate data about its orbit. This approximation is justified because the 
radius of the Earth’s orbit is large compared with the dimensions of the Earth and the Sun. 
As an example on a much smaller scale, it is possible to explain the pressure exerted by a gas 
on the walls of a container by treating the gas molecules as particles, without regard for the 
internal structure of the molecules.

2.1 Position, Velocity, and Speed
A particle’s position x  is the location of the particle with respect to a chosen ref-
erence point that we can consider to be the origin of a coordinate system. The 
motion of a particle is completely known if the particle’s position in space is known 
at all times.
 Consider a car moving back and forth along the x axis as in Figure 2.1a. When 
we begin collecting position data, the car is 30 m to the right of the reference posi-
tion x 5 0. We will use the particle model by identifying some point on the car, 
perhaps the front door handle, as a particle representing the entire car.
 We start our clock, and once every 10 s we note the car’s position. As you can see 
from Table 2.1, the car moves to the right (which we have defined as the positive 
direction) during the first 10 s of motion, from position ! to position ". After ", 
the position values begin to decrease, suggesting the car is backing up from position 
" through position #. In fact, at $, 30 s after we start measuring, the car is at the 
origin of coordinates (see Fig. 2.1a). It continues moving to the left and is more than 
50 m to the left of x 5 0 when we stop recording information after our sixth data 
point. A graphical representation of this information is presented in Figure 2.1b. 
Such a plot is called a position–time graph.
 Notice the alternative representations of information that we have used for the 
motion of the car. Figure 2.1a is a pictorial representation, whereas Figure 2.1b is a 
graphical representation. Table 2.1 is a tabular representation of the same information. 
Using an alternative representation is often an excellent strategy for understanding 
the situation in a given problem. The ultimate goal in many problems is a math-
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Figure 2.1 A car moves back and forth along a straight line. Because we are interested only in the 
car’s translational motion, we can model it as a particle. Several representations of the information 
about the motion of the car can be used. Table 2.1 is a tabular representation of the information.  
(a) A pictorial representation of the motion of the car. (b) A graphical representation (position–time 
graph) of the motion of the car.

The displacement of the car is
#   »

∆x = #»x f −
#»x i = 20 m î .
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Figure 2.1 A car moves back and forth along a straight line. Because we are interested only in the 
car’s translational motion, we can model it as a particle. Several representations of the information 
about the motion of the car can be used. Table 2.1 is a tabular representation of the information.  
(a) A pictorial representation of the motion of the car. (b) A graphical representation (position–time 
graph) of the motion of the car.
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Position, Displacement, Distance Example
Now, the starting position of the car is #»x i = 30 m î, the final
position is #»x f = −60 m î.
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Figure 2.1 A car moves back and forth along a straight line. Because we are interested only in the 
car’s translational motion, we can model it as a particle. Several representations of the information 
about the motion of the car can be used. Table 2.1 is a tabular representation of the information.  
(a) A pictorial representation of the motion of the car. (b) A graphical representation (position–time 
graph) of the motion of the car.
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Figure 2.1 A car moves back and forth along a straight line. Because we are interested only in the 
car’s translational motion, we can model it as a particle. Several representations of the information 
about the motion of the car can be used. Table 2.1 is a tabular representation of the information.  
(a) A pictorial representation of the motion of the car. (b) A graphical representation (position–time 
graph) of the motion of the car.
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position is #»x f = −60 m î.
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motion of a particle is completely known if the particle’s position in space is known 
at all times.
 Consider a car moving back and forth along the x axis as in Figure 2.1a. When 
we begin collecting position data, the car is 30 m to the right of the reference posi-
tion x 5 0. We will use the particle model by identifying some point on the car, 
perhaps the front door handle, as a particle representing the entire car.
 We start our clock, and once every 10 s we note the car’s position. As you can see 
from Table 2.1, the car moves to the right (which we have defined as the positive 
direction) during the first 10 s of motion, from position ! to position ". After ", 
the position values begin to decrease, suggesting the car is backing up from position 
" through position #. In fact, at $, 30 s after we start measuring, the car is at the 
origin of coordinates (see Fig. 2.1a). It continues moving to the left and is more than 
50 m to the left of x 5 0 when we stop recording information after our sixth data 
point. A graphical representation of this information is presented in Figure 2.1b. 
Such a plot is called a position–time graph.
 Notice the alternative representations of information that we have used for the 
motion of the car. Figure 2.1a is a pictorial representation, whereas Figure 2.1b is a 
graphical representation. Table 2.1 is a tabular representation of the same information. 
Using an alternative representation is often an excellent strategy for understanding 
the situation in a given problem. The ultimate goal in many problems is a math-
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Figure 2.1 A car moves back and forth along a straight line. Because we are interested only in the 
car’s translational motion, we can model it as a particle. Several representations of the information 
about the motion of the car can be used. Table 2.1 is a tabular representation of the information.  
(a) A pictorial representation of the motion of the car. (b) A graphical representation (position–time 
graph) of the motion of the car.

The displacement of the car is
#   »

∆x = #»x f −
#»x i

= (−60 î) − 30 î m

= −90 m î

←−−−−−−−−−−−−−−−−−−−−−−−−−
#   »
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Speed

We need a measure how fast objects move.

speed =
distance

time

If an object goes 100 m in 1 second, its speed is 100 m/s.



Speed

Speed can change with time.

For example, driving. Sometimes you are on the highway going
fast, sometimes you wait at a stoplight.

Instantaneous speed is an object’s speed at any given moment in
time.

Average speed is the average of the object’s speed over a period
of time:

average speed =
total distance traveled

time interval
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Velocity

Driving East at 65 mph is not the same as driving West at 65 mph.

There is a quantity that combines the speed and the direction of
motion.

This is the velocity.

Velocity is a vector quantity. Speed is a scalar quantity.

If a car drives in a circle, without speeding up or slowing down, is
its speed constant?

Is its velocity constant?
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Velocity

How position changes with time.

Quantities

velocity #»v ( = d #»x
dt )

average velocity #     »vavg =
#   »

∆x
∆t

instantaneous speed v or | #»v |

average speed d
∆t

Can velocity be negative?

Can speed be negative?

Units: meters per second, m/s
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Average Velocity vs Average Speed Example
The displacement of the car is

#   »

∆x = 20 m î.

The distance the car travels is d = 20 m.

The time for the car to move this far is 10 seconds.

What is the average velocity of the car? What is the average speed
of the car?

22 Chapter 2 Motion in One Dimension

obtain reasonably accurate data about its orbit. This approximation is justified because the 
radius of the Earth’s orbit is large compared with the dimensions of the Earth and the Sun. 
As an example on a much smaller scale, it is possible to explain the pressure exerted by a gas 
on the walls of a container by treating the gas molecules as particles, without regard for the 
internal structure of the molecules.

2.1 Position, Velocity, and Speed
A particle’s position x  is the location of the particle with respect to a chosen ref-
erence point that we can consider to be the origin of a coordinate system. The 
motion of a particle is completely known if the particle’s position in space is known 
at all times.
 Consider a car moving back and forth along the x axis as in Figure 2.1a. When 
we begin collecting position data, the car is 30 m to the right of the reference posi-
tion x 5 0. We will use the particle model by identifying some point on the car, 
perhaps the front door handle, as a particle representing the entire car.
 We start our clock, and once every 10 s we note the car’s position. As you can see 
from Table 2.1, the car moves to the right (which we have defined as the positive 
direction) during the first 10 s of motion, from position ! to position ". After ", 
the position values begin to decrease, suggesting the car is backing up from position 
" through position #. In fact, at $, 30 s after we start measuring, the car is at the 
origin of coordinates (see Fig. 2.1a). It continues moving to the left and is more than 
50 m to the left of x 5 0 when we stop recording information after our sixth data 
point. A graphical representation of this information is presented in Figure 2.1b. 
Such a plot is called a position–time graph.
 Notice the alternative representations of information that we have used for the 
motion of the car. Figure 2.1a is a pictorial representation, whereas Figure 2.1b is a 
graphical representation. Table 2.1 is a tabular representation of the same information. 
Using an alternative representation is often an excellent strategy for understanding 
the situation in a given problem. The ultimate goal in many problems is a math-
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Figure 2.1 A car moves back and forth along a straight line. Because we are interested only in the 
car’s translational motion, we can model it as a particle. Several representations of the information 
about the motion of the car can be used. Table 2.1 is a tabular representation of the information.  
(a) A pictorial representation of the motion of the car. (b) A graphical representation (position–time 
graph) of the motion of the car.

average velocity #»v avg =
#   »

∆x
∆t = 2 m/s î

average speed = d
∆t = 2 m/s (same magnitude in this case)

−−−−−→
#   »
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obtain reasonably accurate data about its orbit. This approximation is justified because the 
radius of the Earth’s orbit is large compared with the dimensions of the Earth and the Sun. 
As an example on a much smaller scale, it is possible to explain the pressure exerted by a gas 
on the walls of a container by treating the gas molecules as particles, without regard for the 
internal structure of the molecules.

2.1 Position, Velocity, and Speed
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erence point that we can consider to be the origin of a coordinate system. The 
motion of a particle is completely known if the particle’s position in space is known 
at all times.
 Consider a car moving back and forth along the x axis as in Figure 2.1a. When 
we begin collecting position data, the car is 30 m to the right of the reference posi-
tion x 5 0. We will use the particle model by identifying some point on the car, 
perhaps the front door handle, as a particle representing the entire car.
 We start our clock, and once every 10 s we note the car’s position. As you can see 
from Table 2.1, the car moves to the right (which we have defined as the positive 
direction) during the first 10 s of motion, from position ! to position ". After ", 
the position values begin to decrease, suggesting the car is backing up from position 
" through position #. In fact, at $, 30 s after we start measuring, the car is at the 
origin of coordinates (see Fig. 2.1a). It continues moving to the left and is more than 
50 m to the left of x 5 0 when we stop recording information after our sixth data 
point. A graphical representation of this information is presented in Figure 2.1b. 
Such a plot is called a position–time graph.
 Notice the alternative representations of information that we have used for the 
motion of the car. Figure 2.1a is a pictorial representation, whereas Figure 2.1b is a 
graphical representation. Table 2.1 is a tabular representation of the same information. 
Using an alternative representation is often an excellent strategy for understanding 
the situation in a given problem. The ultimate goal in many problems is a math-
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Figure 2.1 A car moves back and forth along a straight line. Because we are interested only in the 
car’s translational motion, we can model it as a particle. Several representations of the information 
about the motion of the car can be used. Table 2.1 is a tabular representation of the information.  
(a) A pictorial representation of the motion of the car. (b) A graphical representation (position–time 
graph) of the motion of the car.
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∆t = 2 m/s î

average speed = d
∆t = 2 m/s (same magnitude in this case)
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Average Velocity vs Average Speed Example
The displacement of the car is −90 m î.

The distance the car travels is d = 130 m.

The time for the car to move A→F is 50 seconds.

Average velocity? Average speed?
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Figure 2.1 A car moves back and forth along a straight line. Because we are interested only in the 
car’s translational motion, we can model it as a particle. Several representations of the information 
about the motion of the car can be used. Table 2.1 is a tabular representation of the information.  
(a) A pictorial representation of the motion of the car. (b) A graphical representation (position–time 
graph) of the motion of the car.

average velocity #»v avg =
#   »

∆x
∆t = −1.8 m/s î

average speed = d
∆t = 2.6 m/s Not the same!
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Figure 2.1 A car moves back and forth along a straight line. Because we are interested only in the 
car’s translational motion, we can model it as a particle. Several representations of the information 
about the motion of the car can be used. Table 2.1 is a tabular representation of the information.  
(a) A pictorial representation of the motion of the car. (b) A graphical representation (position–time 
graph) of the motion of the car.
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Question

Quick Quiz 2.11 Under which of the following conditions is the
magnitude of the average velocity of a particle moving in one
dimension smaller than the average speed over some time interval?

A A particle moves in the +x direction without reversing.

B A particle moves in the −x direction without reversing.

C A particle moves in the +x direction and then reverses the
direction of its motion.

D There are no conditions for which this is true.

1Serway & Jewett, page 24.
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Conceptual Question

50 Chapter 2 Motion in One Dimension

 18. Each of the strobe photographs (a), (b), and (c) in Fig-
ure OQ2.18 was taken of a single disk moving toward 
the right, which we take as the positive direction. 
Within each photograph, the time interval between 
images is constant. (i)  Which photograph shows 
motion with zero acceleration? (ii) Which photograph 
shows motion with positive acceleration? (iii) Which 
photograph shows motion with negative acceleration?
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Figure OQ2.18 Objective Question 18 and Problem 23.
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 16. A ball is thrown straight up in the air. For which situa-
tion are both the instantaneous velocity and the accel-
eration zero? (a) on the way up (b) at the top of its 
flight path (c)  on the way down (d) halfway up and 
halfway down (e) none of the above

 17. A hard rubber ball, 
not affected by air 
resistance in its mo- 
tion, is tossed upward 
from shoulder height, 
falls to the sidewalk, 
rebounds to a smaller 
maximum height, and 
is caught on its way 
down again. This mo-
tion is represented in 
Figure OQ2.17, where 
the successive positions of the ball ! through " are not 
equally spaced in time. At point # the center of the ball 
is at its lowest point in the motion. The motion of the 
ball is along a straight, vertical line, but the diagram 
shows successive positions offset to the right to avoid 
overlapping. Choose the positive y direction to be up-
ward. (a) Rank the situations ! through " according 
to the speed of the ball uvy u at each point, with the larg-
est speed first. (b) Rank the same situations according 
to the acceleration ay of the ball at each point. (In both 
rankings, remember that zero is greater than a negative 
value. If two values are equal, show that they are equal 
in your ranking.)
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Figure OQ2.17

 1. If the average velocity of an object is zero in some time 
interval, what can you say about the displacement of 
the object for that interval?

 2. Try the following experiment away from traffic where 
you can do it safely. With the car you are driving mov-
ing slowly on a straight, level road, shift the transmis-
sion into neutral and let the car coast. At the moment 
the car comes to a complete stop, step hard on the 
brake and notice what you feel. Now repeat the same 
experiment on a fairly gentle, uphill slope. Explain the 
difference in what a person riding in the car feels in 
the two cases. (Brian Popp suggested the idea for this 
question.)

 3. If a car is traveling eastward, can its acceleration be 
westward? Explain.

 4. If the velocity of a particle is zero, can the particle’s 
acceleration be zero? Explain.

 5. If the velocity of a particle is nonzero, can the particle’s 
acceleration be zero? Explain.

 6. You throw a ball vertically upward so that it leaves the 
ground with velocity 15.00 m/s. (a) What is its velocity 
when it reaches its maximum altitude? (b) What is its 
acceleration at this point? (c) What is the velocity with 
which it returns to ground level? (d) What is its accel-
eration at this point?

 7. (a) Can the equations of kinematics (Eqs. 2.13–2.17) 
be used in a situation in which the acceleration varies 
in time? (b) Can they be used when the acceleration is 
zero?

 8. (a) Can the velocity of an object at an instant of time 
be greater in magnitude than the average velocity over 
a time interval containing the instant? (b) Can it be 
less?

 9. Two cars are moving in the same direction in paral-
lel lanes along a highway. At some instant, the velocity 
of car A exceeds the velocity of car B. Does that mean 
that the acceleration of car A is greater than that of car 
B? Explain.

Conceptual Questions 1. denotes answer available in Student Solutions Manual/Study Guide

1Serway & Jewett, page 50.



Summary

• introducing kinematics

• position, displacement, and distance

• speed and velocity

Quiz tomorrow, in class.

Homework

• unit conversion worksheet, due tomorrow.

Walker Physics:

• Ch 2, onward from page 47. Conc. Ques: 1, 3, 9; Probs: 1, 3,
5, 7, 9, 13 (can wait until tomorrow to do these)


