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• A Physical Quantity is a measure or a description of a physical phenomenon.
• An example of a physical phenomenon is the distance and time of the trip of the

earth rotating around the sun. Earth orbits the Sun at an average distance of
149.60 million km. The earth completes one cycle around the sun in 365.256
days.

• The value of a physical quantity should be expressed as a product of
a number and a unit to be completely defined.

• Physical quantities are either base quantities or derived quantities.
• A Base Quantity (or Basic Quantity) is independent and does not require any

other quantity to be formed. It is arbitrarily defined, rather than being derived
from a combination of other physical quantities.

• A Derived Quantity is a combination of several physical quantities. A derived
quantity can be broken down to a combination of the base quantities.
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• Basic Quantities are 7 quantities, which are:
Length – Mass – Time – Electric Current – Temperature – Amount of Substance 
– Light Intensity 
An example of a derived quantity is the force:
Force = Mass x Acceleration =Mass x Length / Time

Two unit systems are used to define physical quantities:
1. International System of Units (SI) (Known by metric system)
2. United States Customary System (USCS) (known by inch system)
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International System of Units
• Basic Quantities defined using the following Basic Units in the SI unit system:
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International System of Units
• Base and derived units in the SI are often combined with a prefix.
• Prefixes used in SI unit system:
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United States Customary System
• Basic Quantities defined using the following Basic Units in the USCS unit system:
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Example #1
Using the basic units, derive the unit of each of the following physical quantities.
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Physical Quantity Expression SI Unit USCS Unit
Area [L] x [L] ଶ ଶ

Volume [L] x [L] x [L] ଷ ଷ

Density ଷ ଷ ଷ

Velocity [L]/[T]
Acceleration ଶ ଶ ଶ

Force Mass x Acceleration =[M] x ଶ ୩୥.୫
ୱమ (Newton) ୱ୪୳୥.୤୲

ୱమ (Pound)



Example #2
Knowing that a moment is the multiplication of a force times distance, derive its
unit in both the SI and USCS unit systems.
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Example #3
The joule is the unit of energy, and energy is the multiplication of force times
distance. Derive the joule using the basic SI units.
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Example #4
Recalculate each of the following quantities based on the unit conversion indicated
to each one.
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Physical Quantity Convert Unit to Quantity after Unit Conversion
8 kN
25 
50 ି଼

60 ଷ

40 ୑୒
୫୫మ

଺
ିଷ ିଷ
ଵଶ
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Important Derived Quantities (in SI)
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Important Derived Quantities (in USCS)

Mohamed Shaat Intro. to Mec & Ind. Eng. (MEC 130) 

UNIT SYSTEMS & CONVERSIONS 



Important Conversions between SI and USCS
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Important Conversions between SI and USCS
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Forces in Machines
A Force is an interaction that can change the state of an object.

Galileo’s Assumption:
“It is not the nature of an object to stop once set in motion but rather to
continue in its original state of motion”
According to Galileo’s assumption, if we pushed this box will not stop and
will continue moving forever !
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Forces in Machines
A Force is an interaction that can change the state of an object.
Newton’s First Law:
“An object moves with a velocity that is constant in magnitude and direction
unless a nonzero net force acts on it”
• According to Newton’s first law, if the box is moving, it will stop if there is a

nonzero net force acts on it and this net force tend to stop the box.
• If there is no forces act on the box, the box will not stop !
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Forces in Machines
• A Force is an interaction that can change the state of an object.
• A force is what makes an object moves, or a force is what prevents an object’s

motion.
• The force has different forms and types:
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Resultant of Several Forces
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Forces Acting on Gears
• A Spur Gear is subjected to one force resultant in one plane as shown.
• This force produces between the driver and the driven gears.
• This force is required to transmit the energy between one shaft to another one

through the gears.
• This force can be decomposed into two components.

Mohamed Shaat Intro. to Mec & Ind. Eng. (MEC 130) 

FORCE ANALYSIS



Forces Acting on Gears
• Both the helical and bevel gears are subjected to 3 components of forces.
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Forces Acting on Gears
• The resultant force acting on a spur gear can be decomposed into two

components as shown.
• The tangential force ( ௧ ) produces a torque on the gear, which is then

transmitted to the shaft to give it rotation.
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௧ is the tangential force. 
௥ is the radial force. 

is the torque. Gear diameter.


