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Engineering Mechanics 
Statics 

                             

Assist. Professor Tariq Khalid  

Engineering Technical College/ Northern Technical University  

   

 General Principles: 

Mechanics is a branch of the physical sciences that is concerned with the state of 

rest or motion of bodies that are subjected to the action of forces. In general, this 

subject can be subdivided into three branches: rigid-body mechanics, deformable-

body mechanics, and fluid mechanics. we will study rigid-body mechanics 

Rigid-body mechanics is divided into two areas: statics and dynamics. Statics deals 

with the equilibrium of bodies, that is, those that are either at rest or move with a 

constant velocity; whereas dynamics is concerned with the accelerated motion of 

bodies. We can consider statics as a special case of dynamics, in which the 

acceleration is zero; 
  

Fundamental Concepts: 

Basic Quantities. The following four quantities are used throughout mechanics. 

 
Length. Length is used to locate the position of a point in space and thereby 

describe the size of a physical system. 
 

Time. Time is conceived as a succession of events. This quantity plays an 

important role in the study of dynamics. 

 

Mass. Mass is a measure of a quantity of matter. 
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Force. In general, force is considered as a “push” or “pull” exerted by one body on 

another. 

 

Idealizations. Models or idealizations are used in mechanics in order to simplify 

application of the theory. Here we will consider three important idealizations. 

 
Particle. A particle has a mass, but a size that can be neglected. For example, the 

size of the earth is insignificant compared to the size of its orbit. 
 
Rigid Body. A rigid body can be considered as a combination of a large number 

of particles in which all the particles remain at a fixed distance from one another, 

both before and after applying a load. 
 

Concentrated Force. A concentrated force represents the effect of a loading 

which is assumed to act at a point on a body. We can represent a load by a 

concentrated force, provided the area over which the load is applied is very small 

compared to the overall size of the body. 

 

 

Newton’s Three Laws of Motion 

 

First Law: A particle originally at rest, or moving in a straight line with constant 

velocity, tends to remain in this state provided the particle is not subjected to an 

unbalanced force. 

 

Second Law: A particle acted upon by an unbalanced force F experiences an 

acceleration a  that has the same direction as the force and a magnitude that is 

directly proportional to the force. Fig. 1–1b. If F is applied to a particle of mass m, 

this law may be expressed mathematically as: 
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Third Law: For every action, there is an equal, opposite, and collinear 

reaction. 

 

Newton’s Law of Gravitational Attraction 

 
where 

F = force of gravitation between the two particles 

G = universal constant of gravitation; according to experimental evidence,  

G = 66.73(10-12) m3/ (kg . s2) 

m1, m2 = mass of each of the two particles 

r = distance between the two particles 

 

Units of Measurement 

The four basic quantities—length, time, mass, and force 

SI Units: The International System of units, abbreviated SI after the French 

“Système International d’Unités,”. The SI system defines length in meters (m), 

time in seconds (s), and mass in kilograms (kg). The unit of force, called a newton 

(N), is derived from F = ma. Thus, 1 newton is equal to a force required to give1 

kilogram of mass an acceleration of 1 m/s2   (N = kg. m/s2). 
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W = mg                 (g = 9.81 m/s2) 

Therefore, a body of mass 1 kg has a weight of 9.81 N, a 2-kg body weighs 

19.62 N, and so on, Fig. 1–2a. 

 

 
U.S. Customary: In the U.S. Customary system of units (FPS) length is 

measured in feet (ft), time in seconds (s), and force in pounds (lb), 

Table 1–1. The unit of mass, called a slug, is derived from F = ma. Hence, 

1 slug is equal to the amount of matter accelerated at 1 ft/s2 when acted upon by a 

force of 1 lb.         (slug = lb. s2/ft).   Where    g = 32.2 ft/s2,  

And so a body weighing 32.2 lb has a mass of 1 slug, a 64.4-lb body has a mass 

of 2 slugs, and so on, Fig. 1–2b. 
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Prefixes: When a numerical quantity is either very large or very small, the 

units used to define its size may be modified by using a prefix. 
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Force Vectors 
 

Scalar: A scalar is any positive or negative physical quantity that can be 

completely specified by its magnitude. Examples of scalar quantities include 

length, mass, and time. 

 

Vector: A vector is any physical quantity that requires both a magnitude and a 

direction for its complete description. Examples of vectors encountered in statics 

are force, position, and moment. A vector is shown graphically by an arrow. The 

length of the arrow represents the magnitude of the vector, and the angle θ between 

the vector and a fixed axis defines the direction of its line of action. The head or 

tip of the arrow indicates the sense of direction of the vector, Fig. 2–1. 

In print, vector quantities are represented by boldface letters such as 

A, and the magnitude of a vector is italicized, A. For handwritten work, it is often 

convenient to denote a vector quantity by simply drawing an arrow above it,  
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As a special case, if the two vectors A and B are collinear, i.e., both have the same 

line of action, the parallelogram law reduces to an algebraic or scalar addition  

R = A + B, as shown in Fig. 2–5. 
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Finding a Resultant Force 
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Ex. 2-1. The screw eye in Fig. below is subjected to two forces, F1 and F2. 

Determine the magnitude and direction of the resultant force. 
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F2–1. Determine the magnitude of the resultant force acting on the screw eye and 

its direction measured clockwise from the x axis. 
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Problems: 
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Addition of a System of Coplanar Forces 
When a force is resolved into two components along the x and y axes, the 

components are then called rectangular components. For analytical work we can 

represent these components in one of two ways, using either scalar or Cartesian 

vector notation. 

 

 

Scalar Notation 
 

 

Fx = F cos θ     and      Fy = F sin θ 
 

 

 

 

Cartesian Vector Notation 

It is also possible to represent the x and y components of a force in terms of 

Cartesian unit vectors i and j. 
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Coplanar Force Resultants 

We can use either of the two methods just described to determine the resultant of 

several coplanar forces, 

 

Using Cartesian vector notation, each 

force is first represented as a Cartesian vector, i.e. 

 

 
The vector resultant is therefore 

 

 

 

 
 

 

If scalar notation is used, then indicating the positive directions of 

components along the x and y axes with symbolic arrows, we have 
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These are the same results as the i and j components of FR determined above. 

 
We can represent the components of the resultant force of any number of coplanar 

forces symbolically by the algebraic sum of the x and y components of all the 

forces, i.e. 

 
 

The magnitude of FR is then found from 

the Pythagorean Theorem; that is, 

 

 
 

 

Also, the angle θ, which specifies the direction of the resultant force, is 

determined from trigonometry:  
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Determine the x and y components of F1 and F2 acting on the boom shown in Fig. 

2–18a. Express each force as a Cartesian vector. 

 

 
 
 
 
 
 
 
 
 
 

 
Solution 

Scalar Notation 
 

F1x = -200 sin 30o  

      = -100 N = 100 N           Ans. 

F1y = 200 cos 30o  

      = 173 N = 173 N            Ans. 

                             
Cartesian Vector Notation. Having determined the magnitudes 

and directions of the components of each force, we can express each 

force as a Cartesian vector. 

 

 



Engineering Mechanics/Statics- R. C. Hibbeler ver.14                                                        Assist. Professor Tariq Al-Khalidi   

24 
 

 

 



Engineering Mechanics/Statics- R. C. Hibbeler ver.14                                                        Assist. Professor Tariq Al-Khalidi   

25 
 

 

 
 



Engineering Mechanics/Statics- R. C. Hibbeler ver.14                                                        Assist. Professor Tariq Al-Khalidi   

26 
 

 
 



Engineering Mechanics/Statics- R. C. Hibbeler ver.14                                                        Assist. Professor Tariq Al-Khalidi   

27 
 

 
Ex: The end of the boom O in Fig. 2–20a is subjected to three concurrent and 

coplanar forces. Determine the magnitude and direction of the resultant force. 
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Problems: 
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