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Chapter 2:

Motion in One Dimension

� Position, Velocity, and Speed

� Acceleration

� Motion diagrams

� Constant acceleration motion
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Motion

� Study the kinematics (motion in space and time) of 

particles (having mass and negligible size) without 

studying the cause of motion.

� Motion types: translational, rotational, and vibrational 

motions.

Translational Rotational Vibrational Motion

Position, Velocity, and Speed

� 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

� In the diagram, allow 
the road sign to be the 
reference point
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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

position –time graph . 7

Displacement

• Defined as the change in 
position during some time 
interval

– Represented as ∆x
∆x ≡ xf - xi

– SI units are meters (m) 
– ∆x can be positive or negative

• Different than distance – the 
length of a path followed by 
a particle
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Average Velocity

� The average velocity is rate at which the displacement 
occurs.

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

� The x indicates motion along the x-axis

� The dimensions are length / time [L/T]
� The SI units are m/s
� Is also the slope of the line in the position – time graph
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The average speed

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

Distanceis the length of a path followed by a particle.
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� Speed is a scalar quantity

� same units as velocity

� total distance / total time: 

� The speed has no direction and is always 
expressed as a positive number

� Neither average velocity nor average speed 
gives details about the trip described

≡avg

d
v

t
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Position

Displacement

Distance

Velocity

Speed

Acceleration

Notes:

• “ Velocity” and “ Speed” will indicate instantaneous values

• Average will be used when the average velocity or average 

speed is indicated
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Instantaneous Velocity

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

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

• The general equation for instantaneous velocity is

• The instantaneous velocity can be positive, negative, or 
zero.

• The term velocity will be used to denote for instantaneous 
velocity

0
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Instantaneous Velocity, graph

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

� This would be the green line
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� The instantaneous speed is the magnitude of the 
instantaneous velocity.

� The instantaneous speed has no direction associated with 
it.

Instantaneous Speed
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Example
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Acceleration

� When the velocity of a particle changes with time, the 
particle is said to be accelerating. 

�

� Average acceleration is defined as ratio of the change in 
velocity (Δv) of a particle in a time interval ( Δt ).

� Average acceleration can be positive or negative.

� The instantaneous acceleration is given by

� Dimensions are L/T 2

� SI units are m/s²
22

Instantaneous Acceleration - graph

• The slope of the velocity-
time graph is the 
acceleration

• The greenline represents 
the instantaneous 
acceleration

• The blue line is the 
average acceleration
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Graphical representation of position, 
velocity and acceleration with time
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Kinematic Equations

• The kinematic equations can be used with any particle 
under uniform acceleration.

• The kinematic equations may be used to solve any problem 
involving one-dimensional motion with a constant 
acceleration

• You may need to use two of the equations to solve one 
problem

• Many times there is more than one way to solve a problem
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One-Dimensional Motion with 
Constant Acceleration

• The slope of the curve is 
the velocity

• The curved line indicates 
the velocity is changing
– Therefore, there is an 

acceleration

(a) the position–time graph,
Velocity as a function of time
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Constant-acceleration motion

• The slope gives the acceleration
• The graph is a straight line, the (constant) 

slope of which is the acceleration ax=dvx/dt

b) The velocity–time graph

• The zero slope indicates a constant 
acceleration

(c) The acceleration–time graph.

� Velocity as a function of position

� Position as a function of time
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Freely Falling Objects
� A freely falling object is any object 

moving freely under the influence of 
gravity alone.

� It does not depend upon the initial 
motion of the object
� Dropped – released from rest
� Thrown downward
� Thrown upward

• The acceleration of an object in free fall is directed downward, 
regardless of the initial motion

• The magnitude of free fall acceleration is g = 9.80 m/s2

� g decreases with increasing altitude

� g varies with latitude

� 9.80 m/s2 is the average at the Earth’s surface

� The italicized g will be used for the acceleration due to gravity

�Not to be confused with g for grams 33

• We will neglect air resistance

• Free fall motion is constantly accelerated motion in one dimension

• Let upward be positive

• Use the kinematic equations with 

ay = -g = -9.80 m/s2

� Object Dropped
� Initial velocity is zero

� Let up be positive

� Use the kinematic equations

� Generally use y instead of x since vertical

� Acceleration is 

ay = -g = -9.80 m/s2

� If initial velocity ≠ 0
With upward being positive, initial velocity will be negative

Freely Falling Objects

vo= 0

a = -g
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� Object thrown upward

� Initial velocity is upward, so positive
� The instantaneous velocity at the 

maximum height is zero
� Acceleration is 

ay = -g = -9.80 m/s2

� The motion may be symmetrical
Then tup = tdown

Then v = -vo

� The motion may not be symmetrical
� Break the motion into various parts
� Generally up and down

Freely Falling Objects

vo≠ 0

a = -g

v = 0

35

Free Fall Example

• Initial velocity at A is upward (+) and 
acceleration is -g (-9.8 m/s2)

• At B, the velocity is 0 and the 
acceleration is -g (-9.8 m/s2)

• At C, the velocity has the same 
magnitude as at A, but is in the 
opposite direction

• The displacement is –50.0 m (it ends 
up 50.0 m below its starting point)
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Kinematic Equations derived  from Calculus

• Displacement equals the 
area under the velocity –
time curve

• The limit of the sum is a 
definite integral

0
lim ( )

f

in

t

xn n xtt
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v t v t dt
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∆ =∑ ∫
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Kinematic Equations – General Calculus Form
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• The integration form of vf – v i gives 

• The integration form of xf – xi gives

x f x i xv v a t− =
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2f i x i xx x v t a t− = +
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Example
The speed of a bullet as it travels down the barrel of a rifle toward the
opening is given by v = ( – 5 x 107) t 2 + (3 x105) t, where v is in meters per
second and t is in seconds. The acceleration of the bullet just as it leaves
the barrel is zero.
(a) Determine the acceleration and position of the bullet as a function of
time when the bullet is in the barrel.
(b) Determine how long the bullet is accelerated.
(c) Find the speed at which the bullet leaves the barrel.
(d) What is the length of the barrel?

a)



The speed of a bullet as it travels down the barrel of a rifle toward the
opening is given by v = ( – 5 x 107) t 2 + (3 x105) t, where v is in meters per
second and t is in seconds. The acceleration of the bullet just as it leaves
the barrel is zero. (a) Determine the acceleration and position of the bullet
as a function of time when the bullet is in the barrel. (b) Determine how long
the bullet is accelerated. (c) Find the speed at which the bullet leaves the
barrel. (d) What is the length of the barrel?

b)

c)

d)

Example
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