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Motion in One Dimension



LECTURE OUTLINE 

• 2.1 Position, Velocity, and Speed

• 2.2 Instantaneous Velocity and Speed

• 2.3 Acceleration

• 2.5 One-Dimensional Motion with Constant 
Acceleration

• 2.6 Freely Falling Objects
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Introduction

Kinematics:

Describes motion while ignoring the external 
agents that might have caused or modified the 
motion 

For now, will consider motion in one dimension 

Along a straight line 

Motion represents a continuous change in the 
position of an object.
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Introduction

Types of Motion 

Translational 

An example is a car traveling on a highway. 
Rotational

An example is the Earth’s spin on its axis. 
Vibrational

An example is the back-and-forth movement of a 
pendulum. 
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Introduction

Particle Model 

We will use the particle model. 

In general, a particle : is a point-like object—that is, 
an object with mass but having infinitesimal size.
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2.1 Position, Velocity, and Speed  

• Position

The object’s position is its
location with respect to a
chosen reference point.

 Consider the point to be the
origin of a coordinate
system. Only interested in
the car’s translational
motion, so model as a
particle
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2.1 Position, Velocity, and Speed  

• Position-Time Graph 

The position-time graph 
shows the motion of the 
particle (car). The 
smooth curve is a guess 
as to what happened 
between the data points. 
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2.1 Position, Velocity, and Speed  

 Displacement

The displacement of a particle is defined as its change in position in 
some time interval.

∆𝑥 = 𝑥𝑓 − 𝑥𝑖

∆𝑥 > 0 𝑜𝑟 𝑥𝑓 > 𝑥𝑖 :motion to the right → +

∆𝑥 < 0 𝑜𝑟 𝑥𝑓 < 𝑥𝑖 :motion to the left ← −

∆𝑥 = 0 𝑜𝑟 𝑥𝑓 = 𝑥𝑖 :object returned to

its initial position,or there was no motion

Displacement is an example of a vector quantity.
(requires the specification of both direction and magnitude)

 Distance

Distance is the length of a path followed by a particle.

Distance is an example of a scalar quantity.
(scalar quantity has a numerical value and no direction.)
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2.1 Position, Velocity, and Speed  

 Average velocity

The average velocity 𝑣𝑥 of a particle is defined as the particle’s displacement 
∆𝑥 divided by the time interval ∆𝑡 during which that displacement occurs:

𝒗𝒙 =
∆𝒙

∆𝒕
=
𝑥𝑓 − 𝑥𝑖

∆𝒕

The average velocity has dimensions of length divided by time (L/T)—meters per second in SI units

(The average velocity of a particle moving in one dimension can be positive or 
negative, depending on the sign of the displacement , a vector quantity)

Average speed 

The average speed of a particle, is defined as the total distance traveled divided by 
the total time interval required to travel that distance:

Average speed =
Total Distance

Total Time
The SI unit of average speed is the same as the unit of average velocity

• (The average speed of a particle, a scalar quantity=no direction and hence carries no algebraic sign)
Notice the distinction between average velocity and average speed—average velocity is the displacement 
divided by the time interval, while average speed is the distance divided by the time interval. 9



2.1 Position, Velocity, and Speed  

 Average velocity and Average speed 
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2.2 Instantaneous Velocity and 
Speed  

 Instantaneous Velocity

The limit of the average velocity as the 
time interval becomes infinitesimally 
short, or as the time interval 
approaches zero. 

𝑣𝑥 = lim
∆𝑡→0

∆𝑥

∆𝑡
=
𝑑𝑥

𝑑𝑡
𝑣𝑥 = 0 (at maxima or minima) particle 
is momentarily at rest
this limit is called the derivative of x with respect to t

The instantaneous velocity indicates 
what is happening at every point of 
time. 

The instantaneous velocity is the slope of 
the line tangent to the x vs. t curve.

This would be the green line. The light 
blue lines show that as ∆𝒕 gets smaller, 
they approach the green line. 
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The slope of a graph of physical data
represents the ratio of change in the quantity
represented on the vertical axis to the change
in the quantity represented by the horizontal
axis.



2.2 Instantaneous Velocity and 
Speed  

 Instantaneous Speed

The instantaneous speed is the magnitude of the instantaneous 
velocity. 

The instantaneous speed has no direction associated with it and 
hence carries no algebraic sign. 

we use the word velocity to designate instantaneous velocity. When it 
is average velocity we are interested in, we shall always use the 
adjective average.
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2.2 Instantaneous Velocity and 
Speed  
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A particle moves along the x axis. 
Its position varies with time 
ccording to the expression x =-4t 
+ 2t2 where x is in meters and t is 
in seconds. The position–time 
graph for this motion is shown in 
Figure . Note that the particle 
moves in the negative x direction 
for the first second of motion, is 
momentarily at rest at the 
moment t = 1 s, and moves in the 
positive x direction at times 𝑡
> 1𝑠 .

Example 2.3 Average and Instantaneous Velocity



2.2 Instantaneous Velocity and 
Speed  
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Example 2.3 Average and Instantaneous Velocity



2.2 Instantaneous Velocity and 
Speed  
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Example 2.3 Average and Instantaneous Velocity



2.2 Instantaneous Velocity and 
Speed  
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Example 2.3 Average and Instantaneous Velocity



Lecture Summary 
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 After a particle moves along the x axis from some initial position 
𝑥𝑖 to some final position 𝑥𝑓, its displacement is

∆𝑥 = 𝑥𝑓 − 𝑥𝑖

 The average velocity of a particle during some time interval is the 
displacement Δx divided by the time interval Δt during which that 
displacement occus:

𝒗𝒙 =
∆𝒙

∆𝒕
=
𝑥𝑓 − 𝑥𝑖

∆𝒕
 The average speed of a particle is equal to the ratio of the total 

distance it travels to the total time interval during which it travels 
that distance:

Average speed =
Total Distance

Total Time



Lecture Summary 

18

• The instantaneous velocity of a particle is defined as:

𝑣𝑥 = lim
∆𝑡→0

∆𝑥

∆𝑡
=
𝑑𝑥

𝑑𝑡

The instantaneous speed of a particleis equal to the magnitude of its 
instantaneous velocity.



Thank You
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