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Chapter one 
 
 Mechanics : is the physical science 
which deals with the effects of forces 
on objects. No other subject plays a 
greater role in engineering analysis 
than mechanics. Although the 
principles of mechanics are few, they 
have wide application in engineering.  



The principles of mechanics are central to research  
 
and development in the fields of vibrations, stability 
 
and strength of structures and machines, robotics, 
 
 rockets and spacecraft design, automatic control,  
 
engine performance, fluid flow, electrical machines 
and apparatus, and molecular, atomic, and 
subatomic behavior. A thorough understanding of 
this subject is an essential prerequisite for work in 
these and many other fields. 



The subject of mechanics is logically  
 
divided into two parts: static , which  

 
concerns the equilibrium of bodies  

 
under action of forces, and dynamics,  

 
which concerns the motion of bodies.  



Scalars and Vectors : Scalar quantities are those 

with which only a magnitude, Examples of scalar 
quantities are time, volume, density, speed, energy.  
 
Vector quantities: possess direction as well as 
magnitude, Examples of vector quantities are 
displacement, velocity, acceleration, force, and 
momentum. 
 Speed is a scalar. It is the magnitude of velocity, 
which is a vector. Thus velocity is specified by a 
direction as well as a speed 



Newton’s Laws: 
 
1st law: . A particle remains at rest   or  
 
continues to move with uniform velocity  
 
(in a straight line with a constant speed) if  
 
there is no unbalanced force acting on it. 
 



2nd  law: 
The acceleration of a particle is proportional 
to the vector sum of forces acting on it, and 
is in the direction of this vector sum. 

                       F = ma …….(1) 
 

 
3rd law : The forces of action and reaction 
between interacting bodies are equal in 
magnitude, opposite in direction, and 
collinear (they lie on the same line) 
 



Units: In mechanics we use four fundamental 

quantities called dimensions. These are length, 
mass, force, and time. The units used to measure 
these quantities can not all be chosen 
independently because they must be consistent 
with Newton’s second law, Eq. 1. Although there 
are a number of different systems of units, only 
the two systems most commonly used in science 
and technology will be used in this text. The four 
fundamental dimensions and their units and 
symbols in the two systems are summarized in 
the following : 



There are a number of different systems of 
units. 
 
The four fundamental dimensions and their  
 
units and symbols in the two systems are  
 
summarized in the following : 





Law of Gravitation: 
 In static as well as dynamic, we often need to  
 
compute the weight of a body, which is the 
gravitational force acting on it.  
 
This computation depends on the law of gravitation 
formulated by Newton. The law of gravitation is 
expressed by Eq.: 
                   

                            F =𝐆
𝒎𝟏 ∗𝒎𝟐

𝒓𝟐
………(2) 

 



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. 
 The mutual forces F obey the law of action and 
reaction, since they are equal and opposite and are 
directed along the line joining the centers of the 
particles, gravitational constant is found to be 
 G = 6.673*10 -11 m3/kg.s2 



Example: Determine the weight in newton of a car 
whose mass is 1400 kg. Convert the mass of the 
car to slugs and then determine its weight in 
pounds. 
 
 
 Solution : From relation : 
W = mg = 1400 x 9.81 = 13 730 N  
we see that : 1 slug =14.594 kg. Thus, the mass of 
the car in slugs is : 

 m= 1400 x 
𝟏 𝒔𝒍𝒖𝒈

𝟏𝟒.𝟓𝟗𝟒 𝒌𝒈
 = 95.9 slugs 



Finally, its weight in pounds is: 
 
    W = mg = 95.9x 32 
         
         = 3090 lb 
 
 
 
 
 



Example. (2): calculate the weight  of a 70 kg person 
standing  on the surface  of the earth ,and compare   
your result by using W=mg. 
Solution: 
 
 

W=  G 
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W=688 N 

W=mg =70 x 9.81= 687 N 


