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Ch 1 : Motion in One Dimension

What are we going to talk about today? 

1

2.1 Position, Velocity, and Speed
2.2 Instantaneous Velocity and Speed
2.3 Analysis Model: Particle Under Constant Velocity
2.4 Acceleration
2.6 Analysis Model: Particle Under Constant Acceleration
2.7 Freely Falling Objects

Kinematics
describes HOW objects move

Dynamics
shows WHY objects move

Mechanic



2.1 Position, Velocity, and Speed
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The position (x) of an object describes its location relative to some 
origin or other reference point.

The position of the ball differs in the two shown coordinate systems.

▪ Position:



1.2 Displacement; Average Velocity.
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The position of the ball is 𝒙 = +𝟐 𝒄𝒎.
The positive sign indicates the direction is to the right of the origin.

Exercise 1-a: What is the position of the ball ?

The position of the ball is 𝒙 = −𝟐 𝒄𝒎.
The negative sign indicates the direction is to the left of the origin.

Exercise1-b: What is the position of the ball ?



2.1 Position, Velocity, and Speed
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measured along the actual path (dashed line) ▪ Distance:

𝒙-axis𝟎 𝟏𝟎𝒎 𝟏𝟎𝒎

Distance= 30 m

• It is a scaler quantity, with SI unit: m



2.1 Position, Velocity, and Speed
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𝒙-axis𝒙𝒊 = 𝟎 𝟏𝟎𝒎

Displacement (blue line) is how far the object is from▪ Displacement:

Distance= 30m
Displacement = 10 m, E 

or Displacement = 10 m Ƹ𝒊

• It is a vector quantity, with SI unit: m
its starting point to ending point, regardless of how it got there.

𝒙𝒇 = 𝟏𝟎𝒎



2.1 Position, Velocity, and Speed
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▪ Displacement:
The displacement is defined as : ∆𝒙 ≡ 𝒙𝒇 − 𝒙𝒊

Fig.b

𝒙𝒊𝒙𝒇𝒙𝒊 𝒙𝒇

Fig.a

Exercise 2:
1) the displacement in Fig.a is :
∆𝒙 = 𝒙𝒇 − 𝒙𝒊 = 30m෠𝑖 − 10m Ƹ𝑖 = 20m Ƹ𝑖

2) the displacement in Fig.b is :
∆𝒙 = 𝒙𝒇 − 𝒙𝒊 = 10m Ƹ𝑖 − 30m Ƹ𝑖 = −20m መƸ𝑖

The displacement can be 
positive or negative; it is 
negative if the motion is 
in the negative direction



2.1 Position, Velocity, and Speed
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Exercise 3: Use the diagram to determine the resulting distance and 
the displacement traveled for A, B,C and D. 

# Distance Displacement

A

B

C

D



2.1 Position, Velocity, and Speed
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Distance Displacement

Scaler quantities Vector quantities

Always positive Can be negative, positive 

Distance= actual path 

Dimension: length (L) Dimension: length (L)

SI unit:  m SI unit:  m

∆𝒙 = 𝒙𝒇 − 𝒙𝒊



2.1 Position, Velocity, and Speed
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▪ Average Speed:
Average speed is the distance traveled divided by the elapsed time Δt.  

A𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑒𝑒𝑑 ≡
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙

𝑇𝑖𝑚𝑒 𝑒𝑙𝑎𝑝𝑠𝑒𝑑

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙



2.1 Position, Velocity, and Speed
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▪ Average Velocity:
Average velocity is displacement divided by elapsed time Δt of the 
displacement.

A𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 ≡
𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝑇𝑖𝑚𝑒 𝑒𝑙𝑎𝑝𝑠𝑒𝑑

𝑉𝑎𝑣 ≡
∆ Ԧ𝑥

∆𝑡
=
𝑥𝑓 − 𝑥𝑖
𝑡𝑓 − 𝑡𝑖



2.1 Position, Velocity, and Speed
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Average Speed Average Velocity 

Scaler quantities Vector quantities

Always positive Can be negative, positive 

𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒔𝒑𝒆𝒆𝒅 ≡
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙

𝑇𝑖𝑚𝑒 𝑒𝑙𝑎𝑝𝑠𝑒𝑑
𝑉𝑎𝑣 ≡

∆ Ԧ𝑥

∆𝑡
=
𝑥𝑓 − 𝑥𝑖
𝑡𝑓 − 𝑡𝑖

Dimension: length/time (L/T) Dimension: length/time (L/T)

SI unit:  m/s SI unit:  m/s



2.1 Position, Velocity, and Speed
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Example 2.1: Find the displacement, average velocity, 
and average speed of the car in Figure between 
positions A and F.
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2.1 Position, Velocity, and Speed
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Revision

▪ Slope of Line
The slope, represented by the letter m, measures the 
inclination of the line, If the line passes by the points 
𝑥1, 𝑦1 and 𝑥2, 𝑦2 , the slope is obtained by the 

relation :

𝑚 =
𝑦2 − 𝑦1
𝑥2 − 𝑥1

x

𝒚

𝑥1, 𝑦1

𝑥2, 𝑦2

𝑥1 𝑥2

𝑦1

𝑦2
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▪ derivative (Rules) 
•

𝒅

𝒅𝒙
𝑨𝒙𝒏 = 𝒏𝑨𝒙𝒏−𝟏,where n and A are constant, For example 𝒅

𝒅𝒙
𝟐𝒙𝟑= 𝟔𝒙𝟐

• The derivative of constant number c is zero, For example 𝒅
𝒅𝒙

𝟑𝟒 = 𝟎



The instantaneous velocity  is side to be the 
limit of the average velocity Ԧ𝑣 as ∆𝑡 approaches 
zero. This evaluating limit is called 
differentiation. 

b) Graphical (tangent): The instantaneous velocity can be found graphically by 
drawing a tangent (straight line) to the (x-t) curve at the instant of time, then the
velocity is to be found as shown in the figure

2.2 Instantaneous Velocity and Speed
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Ԧ𝑣 = lim
∆𝑡→0

∆ Ԧ𝑥

∆𝑡
=
𝑑 Ԧ𝑥

𝑑𝑡

▪ Instantaneous Velocity:  It can be calculated in two ways:
a) Mathematical (differentiation):

Ԧ𝑣 = 𝑆𝑙𝑜𝑝𝑒 𝑜𝑓 𝑡𝑎𝑛𝑔𝑒𝑛𝑡 =
∆ Ԧ𝑥

∆𝑡



The instantaneous speed of a particle is defined as the magnitude of its instantaneous
velocity. As with average speed, instantaneous speed has no direction associated
with it.

2.2 Instantaneous Velocity and Speed
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▪ Instantaneous Speed :

For example, if one particle has an instantaneous velocity of 125 m/s along a 
given line and another particle has an instantaneous velocity of -125 m/s along 
the same line, both have a speed of 125 m/s.



2.2 Instantaneous Velocity and Speed

17

𝑣 =
𝑑𝑥

𝑑𝑡
=

𝑑

𝑑𝑡
−4𝑡 + 2𝑡2 = −4 + 4𝑡or

The instantaneous velocity at t=2.5s is  𝑣 = −4 + 4 2.5 = +6 𝑚/𝑠



2.3 Analysis Model: Particle Under Constant Velocity
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Exercise 4: What is the average velocity of the 
car in the figure during the interval that the 
clock reading changes from 5 to 10 seconds? 
𝑨𝒏𝒔 (𝟐𝟎𝒎/𝒔 )

If the velocity of a particle is constant, its 
instantaneous velocity at any instant during a 
time interval is the same as the average 
velocity over the interval.
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Exercise 5: What is the average velocity of the 
car in the figure during the interval that the 
clock reading changes from 10 to 25 seconds? 
𝑨𝒏𝒔 (𝟐𝟎𝒎/𝒔 )

2.3 Analysis Model: Particle Under Constant Velocity
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Exercise 6: A car moves as shown in Figure. 
Find its average velocity from t=0 to 
t=1s. 𝑨𝒏𝒔 (𝟏 𝒎/𝒔 )

2.3 Analysis Model: Particle Under Constant Velocity
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Exercise 7: A car moves as shown in Figure. 
Find its average velocity from 1 s to 2 s. 
𝑨𝒏𝒔 (𝟑 𝒎/𝒔 )

2.3 Analysis Model: Particle Under Constant Velocity
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Exercise 8: Given the position-versus-time graph, find the velocity-versus-time 
graph.

2.3 Analysis Model: Particle Under Constant Velocity



2.4 Acceleration
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▪ Average acceleration
Average acceleration  is defined as the change of velocity divided by the elapsed 
time (Δt)

Ԧ𝑎𝑎𝑣 =
∆ Ԧ𝑣

∆𝑡
=
𝒗𝒇 − 𝒗𝒊

𝑡𝑓 − 𝑡𝑖

• Acceleration is a vector quantity.                                   
• Acceleration can be negative, positive.
• Acceleration has a dimension L/𝐓𝟐.
• Acceleration has SI unit m/ 𝒔𝟐.

Not that: a constant velocity means NO change in velocity, so in this case the 
acceleration must be zero (no acceleration).



a) Mathematical (differentiation): Instantaneous acceleration 
is defined as the acceleration of an object at a given instant

or

b) Graphical (tangent): The instantaneous acceleration can be found graphically 
by drawing a tangent (straight line) to the (𝒗 − 𝒕) curve at the instant of time, then 
the acceleration is to be found as shown in the figure

2.4 Acceleration
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Ԧ𝑎 =
𝑑2𝑥

𝑑𝑡2

Instantaneous acceleration :

Ԧ𝑎 = 𝑆𝑙𝑜𝑝𝑒 𝑜𝑓 𝑡𝑎𝑛𝑔𝑒𝑛𝑡 =
∆ Ԧ𝑣

∆𝑡

Acceleration can be either uniform or nonuniform. In this course acceleration is 
uniform

Ԧ𝑎 = lim
∆𝑡→0

∆ Ԧ𝑣

∆𝑡
=
𝑑𝑣

𝑑𝑡
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2.4 Acceleration

𝑎 =
𝑑𝑣

𝑑𝑡
=

𝑑

𝑑𝑡
40 − 5𝑡2 = −10𝑡

The instantaneous acceleration at t=2.0 s is  𝑣 = −10 2 = −20 𝑚/𝑠2
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▪ 𝒙, 𝒗, 𝒂 a direction :

2.4 Acceleration

• A positive velocity simply means that 
the object is moving in the positive 
direction, as defined by the coordinate 
system, while a negative velocity 
means the object is traveling in the 
other direction.

• Moreover, even if an object has a 
positive acceleration, it does not mean 
that the object is speeding up! A 
positive acceleration means that the 
change in the velocity points in the 
positive direction.



27

▪ Speeding up and Slowing down:

2.4 Acceleration

When an object's acceleration is in the same direction of its motion, the object 
will speed up. However, when an object's acceleration is opposite to the 
direction of its motion, the object will slow down.
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2.4 Acceleration



2.6 Analysis Model: Particle Under Constant Acceleration
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When the acceleration is constant, we can find the equations of motion. In this case:

1- The average acceleration and the instantaneous acceleration are equal (𝒂𝒂𝒗 = 𝒂)

2- The average velocity is simply the average of the initial velocity and the final 
velocity

𝑽𝒂𝒗 =
𝒗𝒊 + 𝒗𝒇

𝟐

Abood Habiby
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When the acceleration is constant, by take the initial time 𝒕𝒊= 0, then ∆𝒕 = 𝒕𝒇 − 𝒕𝒊
will be simply t, therefore following equations are obtained: 
KINEMATICS equation: ( motion in x-axis )

1 Average velocity 𝑽𝒂𝒗 =
𝒗𝒙𝒊 + 𝒗𝒙𝒇

𝟐

Relating the final velocity to the 
initial velocity.

2 Final velocity 𝒗𝒙𝒇 = 𝒗𝒙𝒊 + 𝒗𝒙𝒕
Relating the final velocity to the 
initial velocity and the acceleration,

3 Acceleration 𝒂𝒙 =
𝒗𝒙𝒇

𝟐
− 𝒗𝒙𝒊

𝟐

𝟐∆𝒙

Relating the final velocity to the 
initial velocity, the acceleration and 
the position Change.

4 Change in position ∆𝒙 = 𝒗𝒙𝒊𝒕 +
𝟏

𝟐
𝒂𝒙𝒕

𝟐

Relating the final position to the 
initial position, the initial velocity 
and the acceleration.

2.6 Analysis Model: Particle Under Constant Acceleration
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Solving Problems:
1. Read the whole problem and make sure you understand it. Then read it again.
2. Decide on the objects under study and what the time interval is.
3. Draw a diagram and choose coordinate axes.
4. Write down the known (given) quantities, and then the unknown ones that you 

need to find.
5. Which equations relate the known and unknown quantities? Are they valid in 

this situation? Solve algebraically for the unknown quantities, and check that 
your result is sensible (correct dimensions).

6. Look at the result—is it reasonable? Does it agree with a rough estimate?
7. Check the units again.

2.6 Analysis Model: Particle Under Constant Acceleration
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Exercise9: A car, initially at rest at a traffic light, accelerates at 𝟐𝒎/𝒔𝟐 when the light 
turns green. After 4 seconds what are its
(a) Velocity (Ans: 8 m/s )
(b) Position ( Ans: 16 m )

1.5 Finding the Motion of an object.



2.7 Freely Falling Objects
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Near the surface of the Earth, all objects accelerate at the 
same rate 9.8 m/𝒔𝟐 (ignoring air resistance).

• Free-fall acceleration is independent of mass.
• Magnitude: g = 9.8 m/𝒔𝟐 .
• Direction: always downward, so 𝒂𝒚 is negative if we 

define “up” (y-axis) as positive, 𝒂𝒚= -g = -9.8 m/s2

Which object-the elephant or the feather- will 
hit the ground first ?!
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When the 𝒂𝒚 = −𝒈 = −𝟗. 𝟖 𝒎/𝒔𝟐 Ƹ𝒋, and by take the initial time 𝒕𝒊= 0, then ∆𝒕 = 𝒕𝒇 − 𝒕𝒊
will be simply t, therefore following equations are obtained ( motion in y-axis ) :

1 Average velocity 𝑽𝒂𝒗 =
𝒗𝒚𝒊 + 𝒗𝒚𝒇

𝟐

Relating the final velocity to the 
initial velocity

2 Final velocity 𝒗𝒚𝒇 = 𝒗𝒚𝒊 − 𝒈𝒕
Relating the final velocity to the 
initial velocity.

3 Change in position ∆𝒚 =
𝒗𝒚𝒊

𝟐
− 𝒗𝒚𝒇

𝟐

𝟐𝒈

Relating the final velocity to the 
initial velocity and the position 
Change.

4 Change in position ∆𝒚 = 𝒗𝒚𝒊𝒕 −
𝟏

𝟐
𝒈𝒕𝟐

Relating the final position to the 
initial position and the initial 
velocity.

2.7 Freely Falling Objects
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Exercise11: A rock fall off a cliff from a rest. How fast will it be moving after 5 s? 
(Ans: -49 m/s )

1.6 The Acceleration of Gravity and Falling Objects
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1.6 The Acceleration of Gravity and Falling Objects

Abood Habiby
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1.6 The Acceleration of Gravity and Falling Objects



Name:                                                                                          Section

▪ Homework 3


