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Introduction to Statics
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ENG 203

Chapter - 1
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Quizzes and Homeworks : 20 %

Exam Midterm 1 : 20 %

Exam Midterm 2 :                  20 %

Final exam:                             40 %
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Evaluation Methods 



Textbook & Reference

J.M. Meriem and J. E. Kraige

“Engineering Mechanics : Statics”, 7th edition
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CHAPTER OUTLINE
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✓ Scalars and Vectors

✓ Newton’s Laws 

✓ Units

✓ Law of Gravitation

✓ Exercises



Scalars and Vectors

A free vector is one whose action is not 

confined to or associated with a unique line in 
space. 

A sliding vector has a unique line of action in space 

but not a unique point of application. 

A fixed vector is one for which a unique point of 

application is specified. 
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There are three specifications for each vector:

✓ Magnitude,

✓ Direction, and

✓ Point of application.



Parallelogram Law
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Principle of Transmissibility

Parallelogram Law & Principle of Transmissibility
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Resultant of two vectors using Parallelogram Law
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Resultant of two vectors using Parallelogram Law



• Newton’s First Law:  If the resultant force on a particle is 

zero, the particle will remain at rest or continue to move in a 

straight line.

• Newton’s Second Law:  A particle will have an acceleration

proportional to a nonzero resultant applied force.

F = m . a

• Newton’s Third Law:  The forces of action and reaction 

between two particles have the same  magnitude and line of 

action with opposite sense.

Newton’s Laws
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Systems of Units
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Units

Basic Units Derived Units
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Systems of Units

International System of Units (SI):

The basic units are Length, Time, and Mass which are arbitrarily defined as 

the meter (m), second (s), and kilogram (kg).

Force is the derived unit:

U.S. Customary Units:

The basic units are Length, Time, and Force which are randomly defined as 

the foot (ft), second (s),  and pound (lb).  Mass is the derived unit,



SI Units vs. U.S. Customary Units

Gravitational force is the weight W of the body, and is found from:

The MKS (meter, kilogram, second): 
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Changing units from one system to another:

✓ 1 ft. = 0.3048 m

✓ 1 slug = 14.59 kg

✓ 1 lb. = 4.448 N
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Addition of Vectors

Pythagorean Theorem:
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Addition of Vectors

Law of sines

Law of cosines

Example:

or:



Law of Gravitation

Newton’s Law of Gravitation:  Two particles are attracted with equal and opposite 

forces,

22
,

R

GM
gmgW

r

Mm
GF ===

where:

F: the mutual force of attraction between two particles

G: a universal constant known as the constant of gravitation 𝒎𝟏, 𝒎𝟐: the masses of the two particles

r: the distance between the centers of the particles 

By experiment the gravitational constant is found to be G:
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Solar System Constants
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Exercises 



Determine the weight in newtons of a car whose mass is 1400 kg. 

Convert the mass of the car to slugs and then determine its weight 

in pounds.

EXERCISE - 1
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Solution – Exercise - 1

Changing units from one system to another:

✓ 1 ft. = 0.3048 m

✓ 1 slug = 14.59 kg

✓ 1 lb. = 4.448 N



EXERCISE - 2

Use Newton’s law of universal gravitation to calculate the weight of 

a 70-kg person standing on the surface of the earth. Then repeat the 

calculation by using:  W = m . g and compare your two results. 

The diameter of the earth = 12742 Km
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Solution – Exercise - 2



EXERCISE - 3
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For the vectors 𝑽𝟏 and 𝑽𝟐 shown in the figure, 
1. Determine the magnitude S of their vector sum 𝑺 = 𝑽𝟏 + 𝑽𝟐
2. Determine the angle  between S and the positive x-axis

3. Write S as a vector in terms of the unit vectors i and j and then 

write a unit vector n along the vector sum S

4. Determine the vector difference 𝑫 = 𝑽𝟏 − 𝑽𝟐



EXERCISE - 3
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Solution – Exercise - 3



EXERCISE - 4

• 1/6) From the gravitational law calculate the

weight W (gravitational force with respect to

the earth) of a 80-kg man in a spacecraft

traveling in a circular orbit 250 km above the

earth’s surface. Express W in both newtons

and pounds.
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The diameter of the earth = 12742 Km



Solution – Exercise - 4
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EXERCISE - 5

• 1/7) Determine the weight in newtons of a

woman whose weight in pounds is 130. Also,

find her mass in slugs and in kilograms.

• Solution: 

26



EXERCISE - 6
• 1/9) Compute the magnitude F of the force which the earth

exerts on the moon. Perform the calculation first in newtons

and then convert your result to pounds.

• The moon's mass is 0.0123 relative to earth (or 7.35 x 1022 kg).
- m moon= 7.35x1022 kg

- m earth = 5.9765x1024 kg

- The diameter of the earth = 12742 km

- The diameter of the moon = 3476 km

- Distance from the top surface of the earth to top surface of the moon is 376289 km

- G= 6.67x10-11 m3/(kg.s2)
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Solution – Exercise - 6
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