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Module 6
Kinematics of Particles



Module Overview

• Rectilinear motion

• Curvilinear motion

• Kinetics of Particles

• Newton’s second law

• Energy and Momentum methods



Introduction

Dynamics includes two broad areas of study:

1. Kinematics, which is the study of the geometry of motion. The principles of 
kinematics relate the displacement, velocity, acceleration, and time of a body’s 
motion, without reference to the cause of the motion.
2. Kinetics, which is the study of the relation between the forces acting on a body, 
the mass of the body, and the motion of the body. We use kinetics to predict the 
motion caused by given forces or to determine the forces required to produce a 
given motion.



Rectilinear motion 

• A particle moving along a straight line is said to be in rectilinear motion. 
• The only variables we need to describe this motion are the time, t, and the 

distance along the line, x, as a function of time. 
• With these variables, we can define the particle’s position, velocity, and 

acceleration, which completely describe the particle’s motion.
• The distance x, with the appropriate sign, completely defines the position of 

the particle; it is called the position coordinate of the particle



Rectilinear motion

• Consider the position P occupied by the particle 
at time t and the corresponding coordinate x. 

• Consider also the position Pʹ occupied by the 
particle at a later time t + Δt.

• We define the average velocity of the particle over the time interval Δt as the quotient 
of the displacement Δx and the time interval Δt as

• We can determine the instantaneous velocity v of a particle at the instant t by allowing the 
time interval Δt to become infinitesimally small



Rectilinear motion

• Consider the velocity v of the particle at 
time t and also its velocity v + Δv at a later 
time t + Δt. 

• We define the average acceleration of the 
particle over the time interval Δt as the 
quotient of Δv and Δt as



Rectilinear motion



Determining motion of particle
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Rectilinear motion



Curvilinear motion

• When a particle moves along a curve other than a straight line, we say that 
the particle is in curvilinear motion.

• To define the position P occupied by a particle in 
curvilinear motion at a given time t, we select a fixed 
reference system, such as the x, y, z axes shown in 
Fig. a, and draw the vector r joining the origin O and 
point P. 

• The vector r is characterized by its magnitude r and 
its direction with respect to the reference axes, so it 
completely defines the position of the particle with 
respect to those axes. We refer to vector r as the 
position vector of the particle at time t.



Curvilinear motion
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Curvilinear motion

In the case of the motion of a projectile, we can show that the components of the 
acceleration are

if the resistance of the air is neglected. 
Denoting initial coordinates by x0, y0, and z0 and the components of the initial velocity v0 
of the projectile by (vx)0, (vy)0, and (vz)0, we can integrate twice in t and obtain

If the projectile is fired in the xy plane from the origin O, we have x0 = y0 = z0 = 0 and (vz)0 = 0, 
so the equations of motion reduce to
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Newton second law of motion

If the resultant force acting on a particle is not zero, the particle has an acceleration 
proportional to the magnitude of the resultant and in the direction of this resultant force.

Suppose we replace the acceleration a in Eq. (12.2) by the derivative dv/dt.
We have ΣF = m (dv/dt)
Because the mass m of the particle is constant, we can write this as
ΣF =  d /dt (mv)
The product mv is called the linear momentum, or simply the momentum, of the particle.

The resultant of the forces acting on the particle is equal to the rate of change of the 
linear momentum of the particle.



Newton second law of motion

• If the resultant force acting on a particle is zero, the linear momentum of the particle 
remains constant in both magnitude and direction. 

• This is the principle of conservation of linear momentum for a particle.
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