
• Introduction
Dynamics is the branch of mechanics concerned with motion and 
the forces that cause it. The motion of a body is a direct result of 
its interaction with other surrounding bodies and these 
interactions are conveniently described using the concept of force. 
The mass of a body is a measure of the object's resistance to 
changes in its velocity. 

• Newton’s laws
Newton’s laws are fundamental laws of nature and form the basis 
of mechanics.
Newton's first law of motion (law of inertia): An object at rest 
remains at rest and an object in motion remains in motion at the 
same speed and in the same direction unless acted on by any 
kind of force.
Newton's second law of motion (fundamental equation of 
dynamics): the acceleration a of an object is directly dependent 
upon the net force F acting on the body:

F = ma
Newton's third law of motion (principle of action and reaction): 
If body A exerts a force FAB (action) on body B, then body B 
exerts a force FBA (reaction) on A of the same intensity but in 
the opposite direction. In other words, for every action there is an 
equal and opposite reaction:

FAB = - FBA

The forces of action and reaction act on different bodies. 
Newton's laws are only valid in an inertial reference frame, that 
is, a reference system in which an object at rest remains at rest if 
no net force acts upon it. Any reference system that moves at 
constant velocity with respect to an inertial system is also an 
inertial reference system. The surface of the earth is an 
approximate inertial reference system.

• Gravitational force. Weight
The Law of Gravitation was stated by Newton and makes it 
possible to determine the force of attraction F12 between two 
bodies of masses m2 and m2 separated by a distance r:

      
F12 = −G

m1m2

r2 ur

where G = 6.67 x 10-11 N m2 kg-2 is the gravitational constant 
and ur is a unitary vector in the direction of vector r that joins 
the two masses. The force of gravity is always one of attraction. 
Mass characterises two different properties of an object -its 
resistance to changes in its velocity (inertial mass) and its 
gravitational interaction with other objects (gravitational mass). 
Experiments show that the two are proportional and in the 
system of units chosen they are the same. 
Supposing the earth has a radius R and mass M, a body of mass 
m situated on the earth's surface will be attracted by a force F = 
GMm/R2, and according to Newton's second law, such a mass 
will be subject to an acceleration g:

    
g = G

M

R2

which is the acceleration due to gravity. The weight P of a body 
is the force exerted by the earth on the body:

P = mg

• Application of Newton’s laws to solve problems
The procedure for solving a problem in mechanics is as follows:
(i) Sketch the system and identify the object (or objects) to 

which Newton’s second law will be applied. Use vectors to 
represent the different forces.

(ii) Draw a diagram that includes the coordinate axes in order to 
decompose the vectors into their components. These diagrams 
should be drawn in such a way as to simplify the subsequent 
calculations. Normally this means including as many axes as 
possible along the directions of the forces, or placing an axis in 
the direction of acceleration, if this direction is known.

(iii)Using this diagram, write the components of Newton's 
second law as a function of known and unknown quantities and 
solve these equations for each unknown quantity. Finally, 
substitute the numerical values of the known quantities 
(including the units) in the equations and calculate each of the 
unknown quantities.

• Linear momentum and angular momentum
The linear momentum or amount of motion p of a particle of 
mass m moving at a velocity v is given by:

p = mv

Taking into account the relation a = dv/dt,  Newton's second 
law may be written as:

    
F =

dp
dt

According to the law of conservation of linear momentum, in 
an isolated system, that is, one that is not subjected to external 
forces, the linear momentum is conserved.
The mechanical impulse of a force J is defined as

      
J = Fdtt 1

t2
∫

The change in amount of motion of an object produced by a 
single impulsing force applied on the object is given by:

∆p = p2 - p1 = J

The angular momentum L of a particle of mass m with respect 
to a point O is given by: 

L = r x p
where r is the vector which originates at the point O and ends 
at the particle, and p  = mv is the linear momentum of the 
particle. It may also be written as:

L = mr x v
which shows that L is perpendicular to the velocity vector. 
Deriving the equation L = r x p with respect to time gives:

    

dL
dt

= r ×F

That is, the variation in angular momentum of a particle is 
equal to the momentum of the total force acting on the particle.
The law of conservation of angular momentum states that if the 
momentum of the total force acting on a particle is zero (r x F 
= 0), the angular momentum remains constant:

      

dL
dt

= 0 ⇒ L = cte.

If the angular momentum remains constant, the trajectory of the 
particle is confined to a plane.
In order for r x F = 0 the following conditions must be met:
(i) F = 0 (free particle)
(ii) F and r are two parallel vectors (central force).
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