Mechanics: Force and Motion - INTRODUCTION
The universe is full of motion caused by forces. The
Sun moves around our galaxy and the Earth moves
around the Sun, and we move around on the Earth.
This movement never stops.
Force and motion are part of all engineering disciplines. Civil engineers to understand the
forces and motions of buildings and bridges subject to high wind loads, mechatronic engineers
to understand the forces and motions of robots.
Mechanics, the science of Force and Motion can be divided into three parts
Statics is the study of forces on objects that do not experience an acceleration.
.ﺃﻭ ﺗﺷﻭﻭﻫﺎ/ﺩﺭﺍﺳﺔ ﺗﺄﺛﻳﺭ ﺍﻟﻘﻭﻯ ﻋﻠﻰ ﺍﻷﺟﺳﺎﻡ ﻏﻳﺭ ﺍﻟﻣﺗﺳﺎﺭﻋﺔ )ﺍﻟﺳﺎﻛﻧﺔ ﺃﻭ ﻣﻧﺗﻅﻣﺔ ﺍﻟﺣﺭﻛﺔ( ﻓﺗﺛﺑﺗﻬﺎ ﻭ
Dynamics is the study of forces on the motion of objects that are accelerating.
.ﺩﺭﺍﺳﺔ ﺗﺄﺛﻳﺭ ﺍﻟﻘﻭﻯ ﻋﻠﻰ ﺍﻷﺟﺳﺎﻡ ﺍﻟﻣﺗﺳﺎﺭﻋﺔ ﻟﺗﺣﺩﻳﺩ ﻭﺟﻬﺗﻬﺎ ﻭﻣﺳﺎﺭﺍﺗﻬﺎ
Kinematics is the geometric study of the motion without considering the mass or the forces.
.ﺩﺭﺍﺳﺔ ﺍﻟﺣﺭﻛﺔ ﺟﻳﻭﻣﺗﺭﻳﺎ ﻭﻣﻊ ﺍﻟﺯﻣﻥ ﺩﻭﻥ ﺍﻻﻫﺗﻣﺎﻡ ﺑﺎﻟﻛﺗﻠﺔ ﺍﻟﻣﻌﻳﻘﺔ ﺃﻭ ﺑﺎﻟﻘﻭﻯ ﺍﻟﻣﺳﺑﺑﺔ
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WHAT IS A FORCE?
The word force is used in many ways. The force of law, brute force, police force,
driving force, nuclear force, electromagnetic force, & the force of gravity are all
examples of its use.
In engineering, a force is something that pushes or pulls and can cause an object to
change speed, direction, or shape.

Newton’s laws of force and motion are very important for engineers because they are involved
in a wide variety of technologies. These laws tell us things like how cars work, how water
flows, how planes fly, how bridges are supported, and basically describe the motion of
everything around us. Newton’s three physical laws can be summarized as follows:
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NEWTON’S FIRST LAW (STATICS) Newton’s First Law of motion can be stated as

An object at rest stays at rest and an object in motion stays in motion with the
same speed and in the same direction unless acted upon by an unbalanced force.
ٌ
ﺳﺎﻛﻥ ﻓﻲ ﺣﺎﻟﺔ ﺳﻛﻭﻧﻪ ﻫﺫﻩ؛ ﻭﻳﺳﺗﻣﺭ ﺟﺳ ٌﻡ ﻣﺗﺣﺭﻙٌ ﻓﻲ ﺣﺎﻟﺔ ﺣﺭﻛﺔ ﻣﻧﺗﻅﻣﺔ )ﺃﻱ ﺫﺍﺕ ﺳﺭﻋﺔ ﺛﺎﺑﺗﺔ ﻣﻘﺩﺍﺭﺍ
ﻳﺑﻘﻰ ﺟﺳ ٌﻡ
. ﺇﻻ ﺇﺫﺍ ﺃﺛﺭﺕ ﻋﻠﻳﻪ ﻗﻭﺓ ﻏﻳﺭ ﻣﻭﺍﺯﻧﺔ،(ﻭﺍﺗﺟﺎﻫﺎ
This can be written mathematically as:
𝐹𝑜𝑟𝑐𝑒𝑠

0 ⇒𝒗

constant

Consequently,
● An object at rest will stay at rest unless an unbalanced force acts upon it.
● An object in motion will not change its speed unless an unbalanced force acts upon it.
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NEWTON’S SECOND LAW (DYNAMICS) Newton’s Second Law can be stated as

An object will accelerate if the net force on the object is not zero.
The direction of the acceleration is the same as the direction of the net force.
The magnitude of the acceleration is directly proportional to the magnitude of the
net force, and inversely proportional to the mass of the object.
 ﻳﻛﻭﻥ ﺍﺗﺟﺎﻩ ﺗﺳﺎﺭﻉ ﺍﻟﺟﺳﻡ ﻣﻁﺎﺑﻘﺎ.ﺗﺗﺳﺎﺭﻉ ﺣﺭﻛﺔ ﺟﺳﻡ ﻣﺎ ﺇﺫﺍ ﻛﺎﻧﺕ ﺍﻟﻘﻭﺓ ﺍﻟﻣﺣﺻﻠﺔ ﻟﻠﻘﻭﻯ ﺍﻟﻣﺅﺛﺭﺓ ﻋﻠﻳﻪ ﻏﻳﺭ ﻣﻌﺩﻭﻣﺔ
. ﺃﻣﺎ ﺷﺩﺓ ﺗﺳﺎﺭﻉ ﺍﻟﺟﺳﻡ ﻓﺗﻛﻭﻥ ﻣﺗﻧﺎﺳﺑﺔ ﻁﺭﺩﺍ ﻣﻊ ﺷﺩﺓ ﺍﻟﻘﻭﺓ ﺍﻟﻣﺣﺻﻠﺔ ﻭﻋﻛﺳﺎ ﻣﻊ ﻛﺗﻠﺗﻪ.ﻻﺗﺟﺎﻩ ﺍﻟﻘﻭﺓ ﺍﻟﻣﺣﺻﻠﺔ
Central to any scientific set of units is the definition of force. According to Newton’s Second
Law, force is proportional to mass and acceleration and can be written mathematically as
F ma
To convert the proportionality in Newton’s Second Law into an “equality,” we need to
introduce a constant of proportionality, K, such that
F=K ma
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The magnitude and the dimensions of the proportionality constant K depend on the unit system
as we can see in the next table.
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In SI & in Technical English System, Newton’s second law takes the familiar form
F=ma
The concept of weight always has the local gravity associated with it. The weight of a body of
mass m at a point in space, where the local acceleration of gravity is g, in the SI or TE is
F=W=mg
But in the Engineering English, the weight is:
F=W=Kmg
EXAMPLES
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2. The mass of one small apple is 0.102 kg. What is its weight in newtons in the Earth’s
gravity of 9.81 m/s2?
Solution:
Weight = W = mg = (0.102 [kg])(9.81 [m/s2]=1.00062 kgꞏm/s2 =1.00 kgꞏm/s2 = 1.00 N;
In other words, one newton is just about the weight of a small apple here on Earth!
Perhaps this will help you mentally visualize the magnitude of a force given in newtons
(e.g., 10 N ≈ weight of 10 apples).
3. How much horizontal force is required to accelerate a 1000. kg car at exactly 5 m/s2?
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NEWTON’S THIRD LAW

Newton’s Third Law can be simply stated as:

For every action, there is an equal and opposite reaction.
ﻟﻛﻝ ﻓﻌﻝ ﺭﺩ ﻓﻌﻝ ﻳﻌﺎﻛﺳﻪ ﻓﻲ ﺍﻻﺗﺟﺎﻩ ﻭﻳﺳﺎﻭﻳﻪ ﻓﻲ ﺍﻟﺷﺩﺓ
For example, Newton’s Third Law states that a force on object A that is due to the presence of
a second object B is automatically accompanied by an equal and opposite force on object B
due to the presence of object A. That is, any pair of forces between any two isolated objects
does not cause the center of mass of these objects to accelerate. These objects can accelerate
toward or away from each other, but their center of mass cannot accelerate.
A common demonstration of Newton’s Third Law, called Newton’s Cradle, is shown in Fig.
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Net Force=?

EXAMPLE
The total weight of a new US space transport (vehicle and launch rockets)
at liftoff is 19.6 × 106 N and the liftoff thrust is 30.2 × 106 N. What is the
unbalanced force on the shuttle at the moment of liftoff ? What’s the
rocket’s initial acceleration ?

Weight=19.6×106 N.

Thrust=30.2×106 N.
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