
• Introduction
Mechanics is the branch of physics concerned with the 
relationships between the motion of physical systems and the 
forces that cause this motion. Mechanics is divided into three 
parts: Kinematics which studies motion without considering the 
forces that cause it; Dynamics which studies motion and the 
forces that cause it; and Statics which studies forces on bodies in 
static equilibrium.

• Position, velocity and acceleration

The first step in describing the motion of a particle is to 
establish a system of coordinates or reference system. The 
position vector, r, situates an object with respect to the origin of 
a reference system and, in general, is a function of time. In 
Cartesian coordinates:

r(t) = x(t)i + y(t)j + z(t)k

When a particle moves, the end of vector r describes a curve 
called trajectory. If s is the space covered by the particle along 
its trajectory, s will be a function of time t and the function s = 
f(t) is known as a law of motion.
The displacement vector !r is the change in position vector 
between two points P1 and P2:

!r = r2 - r1

The average velocity vm of a particle is given by the 

displacement of a point during an interval of time !t, divided by 
the time interval:

vm = !r/!t

The instantaneous velocity v is the limiting value of the average 
velocity as the time interval !t tends to zero. The following 
conditions are met:

v = dr/dt

The instantaneous velocity vector is tangential to the trajectory 
of the particle at each point of its trajectory.

The average acceleration am of a material point is the change in 

velocity during an interval of time !t, divided by this time 
interval:

am = !v/!t

The instantaneous acceleration a  is the limit of average 
acceleration as the time interval tends to zero: 

a = dv/dt = d2r/dt2

• Intrinsic components of acceleration

The instantaneous acceleration a may be decomposed into two 
vectors, one perpendicular to the trajectory called normal or 
centripetal acceleration, aN, and the other, tangential to the 

trajectory, called tangential acceleration, aT. These components 

are known as intrinsic components of acceleration:

a = aN +  aT

aT takes into account the change in modulus of velocity vector, 

v  = | v |, and aN takes into account the change in direction of 

velocity vector  v:
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where r is the radius of curvature of the trajectory of the particle 
at each point of the trajectory. The following condition is met:
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• Linear motion 

Linear motion is one in which the trajectory is a straight line and 
the space covered coincides with the modulus of the 
displacement vector. Moreover, the radius of curvature is infinite 

and there is no normal acceleration.
In uniform linear motion, the velocity is constant and so the 
acceleration is zero. If motion takes place along the X axis, the 
following conditions are met:

a(t) = 0            v(t) = v = cte.            x(t) = x0 + vt

In the case of uniformly accelerated linear motion, the 
acceleration is constant and the following conditions are met:

a(t) = a = cte.      v(t) = v0 + at      
      
x(t) = x0 + vt +
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• Circular motion

Circular motion is motion in a plane and the trajectory is a 
circumference of radius R. The space covered, s, may be written 
as a function of angle " as follows:

" = s/R

The angular velocity # is the variation in " with time t:

# = d"/dt
The following condition is met:

# =   v /R

The angular aceleration $ is the variation in angular velocity   
# with time t:

$ = d#/dt = d2"/dt2

The following condition is met:
$ = aT/R

A vector  # may be assigned to the angular velocity # and 
another $ to the angular acceleration  $. In both cases the 
vectors are perpendicular to the circular trajectory of the particle 
and fulfil the following conditions:

v = #  x r       aT = $  x r       aN = #  x v = #  x (#  x r)

where r  is the vector that goes from the centre of the 
circumference to the position of the particle.
In uniform circular motion, the angular acceleration is zero and 
the angular velocity constant. This implies that there is no 
tangential acceleration (the modulus v is also constant) and the 
normal acceleration is constant since v and the radius R are 

constant. The following conditions are met:

$(t) = 0            #(t) = # = cte.            "(t) = "0 + # t

In uniformly accelerated circular motion, the angular 
acceleration is constant. The tangential acceleration is constant 
but the normal acceleration is not. The following conditions are 
met:

$(t) = $ = cte.      #(t) = #0 + $ t      
    
"(t) = "0 +# t +
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• Compositions of motion. Projectile motion 

Another example of motion in a plane is the motion of a 
projectile launched at a constant velocity v0 making an angle  

$ with the X axis and affected by the acceleration of gravity g 
along the Y axis. The trajectory is a parabola and the motion is 
composed of uniform linear motion along the X  axis and 
uniformly decelerated linear motion along the Y axis. The time 
of flight, t, maximum height, h, and range, d, are: 
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The equation for the trajectory, y(x), is:
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