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Chapter 3

Position, Speed and Velocity
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o Descr i b es  mot i on  wh i l e  i gnor ing  the  ex te rna l  agent s  that  might  

have  caus ed  o r  mod i f i ed  the  mot i on .

o Descr i b es  mot i on  in  t e rms  o f :  t ime ,  p os i t i on ,  ve l o c i ty  and  

acce l e r at i on .

o Mot ion  r ep re s ent s  a  cont i nua l  change  in  an  ob j ec t ’ s  p os i t i on .

o For  now,  w i l l  con s i der  mot i on  i n  one  d imens i on .  (A long  a  

s t ra i ght  l i n e )
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Kinematics

Types of Motion
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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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Position, Distance and Displacement
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Data Table

The table gives the actual data collected 

during the motion of a car.

Once every 1 𝑠 we note the car’s 

position.

x (m)t (s)Position
1.00A
5.01.0B
4.02.0C
0.03.0D
-3.04.0E
-4.55.0F

Position: the location of an object with respect to a 
reference point.

Position
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𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 = 𝑥஺ = 𝑥௜ = 1.0 𝑚

𝑓𝑖𝑛𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 = 𝑥ி = 𝑥௙ = −4.5 𝑚

A B

CDEF
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Position
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Consider the reference point to be the origin of a coordinate system.

Positive is defined as being to the right.

Negative is defined as being to the left.

Vector quantity

SI units are meters (m) 

Position-Time Graph
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The position-time graph shows the 

motion of the particle (car).
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Displacement and distance
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𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  𝑑ଵ + 𝑑ଶ =  4 + 9.5 =  13.5 𝑚

𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 = ∆𝑥 = −5.5 𝑚

∆𝑥 = −5.5𝑚 𝑑ଵ = 4𝑚

𝑑ଶ = 9.5𝑚

A B

CDEF

Displacement and distance
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Displacement is defined as the change 
in position during some time interval.

Represented as:

∆𝑥 = 𝑥௙ − 𝑥௜

SI units are meters (m) 

can be positive, negative or 
zero

vector quantity

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

SI units are meters (m) 

always positive

scalar quantity
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Average Speed
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Defined as: 

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑒𝑒𝑑 =
௧௢௧௔௟ ௗ௜௦௧௔௡௖௘

௧௢௧௔௟ ௧௜௠௘

The SI units are m/s

Speed is a scalar quantity.

always a positive number.

Average Velocity
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The average velocity is rate at which 
the displacement occurs.

𝑣௔௩௚ =
∆𝑥

∆𝑡
=

𝑥௙ − 𝑥௜

𝑡௙ − 𝑡௜

The 𝑥 indicates motion along the 𝑥
− 𝑎𝑥𝑖𝑠.

vector quantity

The SI units are m/s

Is also the slope of the line in the 
𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 –  𝑡𝑖𝑚𝑒 graph
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Average Velocity
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𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑟𝑎𝑖𝑔ℎ𝑡 𝑙𝑖𝑛𝑒 = 𝑣௔௩௚

=
∆𝑥

∆𝑡
=

−4.0 − −1.0

4.5 − 1.4

=
−3.0

3.1
= −0.97 𝑚/𝑠

Position – time graph

1
.4

𝑠,
−

1
.0

𝑚

4.5𝑠, −4.0𝑚

Average Speed and Average Velocity
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The average speed is not the magnitude of the average velocity.

 For example, a runner ends at her starting point.

 Her displacement is zero.

 Therefore, her velocity is zero.

 However, the distance traveled is not zero, so the speed is not zero.

The average speed equals the average velocity when the object is moving along a 

straight line and don’t change direction.
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Instantaneous Velocity
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It is the velocity at a certain time.

It is the slope of the line tangent to the position – time curve.

The first derivative of the position with respect to time. 

𝑣 =
𝑑𝑥

𝑑𝑡

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

Instantaneous Velocity

𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑎𝑛𝑔𝑒𝑛𝑡 = 𝑣ቚ
௧ୀଵ.ହ ௦

=
∆𝑥

∆𝑡
=

2.3 − 5.5

4 − 1

=
−3.2

3
= −1.1 𝑚/𝑠
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1.5

1.0𝑠, 5.5𝑚

4
.0

𝑠,2
.3

𝑚

Position – time graph
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Instantaneous Speed
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The instantaneous speed is the magnitude of 
the instantaneous velocity.

The instantaneous speed has no direction 
associated with it.

A Particle Under Constant Velocity
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Constant velocity indicates that at any instant during a time interval the 

instantaneous velocity is the same as the average velocity.

𝑣 = 𝑣௔௩௚

𝑣 =
𝑥௙ − 𝑥௜

𝑡௙ − 𝑡௜

Common practice is to let 𝑡௜ = 0, 𝑡௙ = 𝑡 and the equation becomes: 

𝑥௙ = 𝑥௜ + 𝑣𝑡
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Particle Under Constant Velocity, Graph
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The graph represents the motion of a 
particle under constant velocity.
The slope of the graph is the value of 
the constant velocity;

𝑠𝑙𝑜𝑝𝑒 =
∆𝑥

∆𝑡
= 𝑣

𝑣 =
4 − 2

5 − 0
= 0.4 𝑚 𝑠⁄

The y-intercept is 𝑥𝑖.
𝑥௜ = 2 𝑚

Position – time graph

19



Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.
R. A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
H. D. Young and R. A. Freedman, University Physics with Modern Physics, 14th ed., PEARSON, 2016.
H. A. Radi and J. O. Rasmussen, Principles of Physics For Scientists and Engineers, 1st ed., SPRINGER, 2013.

A car moving along the x-axis starts from the position x୧ = 2 m when t୧ = 0 and stops at x୤ = −3 m when  t୤ = 2 s.
(a) Find the displacement, the average velocity, and the average speed during this interval of time.•

(b) If the car goes backward and takes 3 𝑠 to reach the starting point, then repeat part (a) for the whole time interval.•

Solution:

Δx = 𝑥௙ − 𝑥௜ = −3 − 2 = −5𝑚

𝑣௔௩௚ =
Δ𝑥

Δ𝑡
⎯⎯⎯=

−5

2
⎯⎯⎯= −2.5 𝑚 𝑠⁄

average speed =
di𝑠 tan 𝑐e

𝑡i𝑚e
⎯⎯⎯⎯⎯⎯⎯⎯ =

5

2
⎯⎯= 2.5 𝑚 𝑠⁄

Solution:

Δ𝑥 = 𝑥௙ − 𝑥௜ = 2 − 2 = 0𝑚

𝑣௔௩௚ =
Δ𝑥

Δ𝑡
⎯⎯⎯=

0

2
⎯⎯= 0 𝑚 𝑠⁄

average speed =
di𝑠 tan 𝑐e

𝑡i𝑚e
⎯⎯⎯⎯⎯⎯⎯⎯ =

10

5
⎯⎯⎯= 2 𝑚 𝑠⁄

Average velocity and average speed
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A particle moves along the x axis. Its position varies with time according to 
the expression x = −4t + 2tଶ , where (x)  is in meters and (t) is in seconds.

Determine the displacement of the particle in the time intervals (t = 0) 
to (t =1 s) and (t = 1 s) to (t = 3 s).

○

Calculate the average velocity during these two time intervals.○

Find the instantaneous velocity of the particle at (t = 2.5 s).○

Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.
R. A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
H. D. Young and R. A. Freedman, University Physics with Modern Physics, 14th ed., PEARSON, 2016.
H. A. Radi and J. O. Rasmussen, Principles of Physics For Scientists and Engineers, 1st ed., SPRINGER, 2013.

(A) Solution

In the first time interval, let ti = tA = 0 and tf = tB = 1 s, the displacement:

𝛥𝑥஺→஻ = 𝑥௙ − 𝑥௜ = 𝑥஻ − 𝑥஺

𝛥𝑥஺→஻ = [−4(1) + 2(1)ଶ] − [−4(0) + 2(0)ଶ] = −2𝑚

In the second time interval, let ti = tB = 1 s and tf = tD = 3 s, the displacement:

𝛥𝑥஻→஽ = 𝑥௙ − 𝑥௜ = 𝑥஽ − 𝑥஻

𝛥𝑥஻→஽ = [−4(3) + 2(3)ଶ] − [−4(1) + 2(1)ଶ] = +8𝑚

(B) Solution

In the first time interval, 𝛥𝑡 = 𝑡௙ − 𝑡௜ = 𝑡஻ − 𝑡஺ = 1 𝑠:

⇒  𝑣⃗̄(஺→஻) =
𝛥𝑥⃗஺→஻

𝛥𝑡
⎯⎯⎯⎯⎯⎯=

−2 𝑚

1 𝑠
⎯⎯⎯⎯⎯= −2 𝑚/𝑠

In the second time interval, 𝛥𝑡 = 𝑡௙ − 𝑡௜ = 𝑡஽ − 𝑡஻ = 2 𝑠

⇒  𝑣⃗̄(஻→஽) =
௱௫⃗ಳ→ವ

௱௧
⎯⎯⎯⎯⎯=

଼ ௠

ଶ ௦
⎯⎯⎯= +4 𝑚/𝑠

(C) Solution

Measure the slope of the tangent at (t = 2.5 s) (point C):

𝑣௫ =
ଵ଴ି(ିସ௠)

ଷ.଼௦ିଵ.ହ௦
⎯⎯⎯⎯⎯⎯⎯⎯= +6𝑚/𝑠      

OR:

𝑣௫ =
𝑑𝑥

𝑑𝑡
⎯⎯⎯=

𝑑

𝑑𝑡
⎯⎯ (−4𝑡 + 2𝑡ଶ) = −4 + 4𝑡

𝑣௧ୀଶ.ହ௦ = −4 + (4)(2.5) = +6𝑚/𝑠

Average and Instantaneous Velocity
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