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Lecture No. 1

Subject: Introduction, Scalars & Vectors

Objectives of Lecture:

· To explain the basic definitions and idealizations of engineering mechanics

· To define scalars and vectors
· To explain vector operations, such as:

· Multiplication and division of a vector by a scalar

· Vector addition

· Vector subtraction

· Resolution of vector

Basic Definitions of Engineering Mechanics

Engineering mechanics deals with the state of rest or motion of bodies that are subjected to the action of forces.

Engineering mechanics is subdivided into three branches:

· Rigid-body mechanics

· Deformable-body mechanics

· Fluid mechanics
Rigid-body mechanics

· Forms a suitable basis for the design and analysis of many types of structural, mechanical, or electrical devices

· Found to be helpful in the study of the deformable-body mechanics and fluid mechanics

· Therefore concerned with this course   

Rigid-body mechanics is divided into two areas:

· Statics

· Dynamics
Statics deals with the equilibrium of bodies, either at rest or in motion at a constant velocity

Dynamics deals with the accelerated or retarded motion of bodies

Idealizations of Mechanics

Models or idealizations (i.e. approximations) used in the mechanics to simplify application of the theory.

 Important idealizations: 

A particle has a mass, but a size that can be neglected 

By this idealization 

the geometry of the body may be neglected in the analysis of the problem.

For example

The earth can be modeled /idealized as a particle

 when studying its orbital motion, because the size of the earth is insignificant compared to the size of its orbit.

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 before and after applying a load.

By this idealization

 the material properties of a rigid body may be neglected in the analysis of the forces acting on the body.

For example, the actual deformations occurring in structures, machines, mechanisms, etc are found to be relatively small, which may be neglected. 

A concentrated force represents the effect of a loading, which is assumed to act at a point on a body. 

By this idealization

the area over which the load is applied may be neglected.

For example, the wheel load on the ground may be assumed as a concentrated load, because the contact area of wheel is insignificant as compare to the ground area.

Scalars and Vectors

Scalars and vectors are used as means for mathematically expressing most of the physical quantities in mechanics.

A scalar is a quantity that has only magnitude, either positive or negative.

For example, mass, volume, and length are the scalar quantities often used in statics.

Scalars are indicated by letters in italic type, such as the scalar ‘A’. 

A vector is a quantity that has both a magnitude and a direction.
For example, position, force, and moment are the vector quantities frequently encountered in statics.

Vectors are indicated by bold letters, such as the vector ‘A’. The magnitude of a vector is always a positive quantity and is symbolized in italic type, written as | A | .

A vector is represented graphically by an arrow, which is used to define its

· magnitude  
(by the length of the arrow)

· direction        (by the angle between a reference  axis and the arrow’s line of action )

· sense            
(by the arrowhead)

For  example, the vector shown in Fig.1.1 has

Fig.1.1: Graphical representation of a vector

A magnitude  =    4 units

A direction = 20°, measured counterclockwise from the   horizontal axis

A sense which is upward and to the right

Point O is called tail of the vector

Point P is called tip or head of the vector 

1.4 
Vector Operations

(i)  Multiplication and Division of a Vector 

      by a Scalar 

· The product of a vector A and a scalar a = aA

· Magnitude of the product vector = | aA |

· Sense of the product vector aA  will be the same if a is positive

· Sense of the product vector aA  will be opposite if a is negative

The division of a vector by a scalar 

can be defined using the laws of multiplication, 

since A/a = (1/a)A, a≠ 0.

Graphic examples of multiplication and division of a vector A are shown in Fig1.2 (a, b, and c)

	Fig.1.2a: A typical vector A

a= -1.0

a = 1.0 
a = 2.0

a = -1.5

Fig.1.2b: Multiplications of  vector A

1/a = 0.5

Fig.1.2c: Division of  vector A


  (ii) Vector Addition


    Two vectors A and B may be added 

to form a resultant vector 

 

R = A + B 

using the following:

· Parallelogram law

· Triangle construction

The addition of the two typical vectors, i.e. A and B using the above methods are explained graphically in Fig.1.3 (a, b, c,)

	Fig.1.3a: Two typical vectors A and B   



	Fig.1.3b: Addition of vectors by parallelogram law 



	Fig.1.3c: Addition of vectors by triangle construction (R = A + B)



	Fig.1.3d: Addition of vectors by triangle construction (R = B + A)


         (i.e. vector addition is commutative)


Addition of two collinear vectors A and B,

 i.e., both have the same lone of action, 

may be done by the parallelogram law 

which reduces to an algebraic or scalar addition

  R= A + B,

 as shown in Fig. 1.4.

	Fig.1.4: Addition of collinear vectors


 
iii) Vector Subtraction

Vectors A and B may be subtracted 

to form a resultant vector 

R′ = A – B = A + ( –  B )

The rules of vector addition also apply to vector subtraction.

Therefore the subtraction of the above 

two vectors A and B may be done using 

the parallelogram law and the triangle construction 

as shown in Fig.1.5. 

Vectors A and B
     Parallelogram law

Triangle construction

Fig.1.5: Vector subtraction


iv) Resolution of Vector

A vector may be resolved into two components having known lines of action 

by using the parallelogram law.

For example, a vector R may be resolved 

into two vectors A and B along the lines a and b ,  using the parallelogram law, as shown in Fig.1.6.

Extend parallel lines from the 
   Components

head of  R to intersect a and b 

to form components A and B 

Fig. 1.6: Resolution of a vector







