
 

 

 

 

 



 

The first law describes a common property of matter, known as inertia.  

- The physical quantity that measures inertia is called mass.    

What is Inertia?   

It  is  the  resistance  of  a  matter  to  change  its  state  of motion.  This  means  that;  in  the  

absence  of  applied  forces,  matter simply persists in its current velocity state-forever.  

 Inertial Frames of Reference:  

-  A  mathematical  description  of  the  motion  of  a  particle requires  the  selection  of  a 

frame of reference,  or a set of coordinates  according  to  which  the  position,  velocity,  and 

acceleration of the particle can be specified.   

 -  Uniformly  moving  reference  frames  (e.g.  those  considered at 'rest' or moving with 

constant velocity in a straight line) are called inertial reference frames.  

-  If  we  can  neglect  the  effect  of  the  earth’s  rotations,  a frame   of   reference   fixed   in   

the   earth   is   an   inertial reference frame.  

 -  Newton’s  laws  are  only  applicable  at  inertial  reference frames.  

 

 

  Newton's Second and Third Laws (Mass and Force):   

- The more massive an object is, the more resistive it is to acceleration. 

Suppose we have two masses m1 , m2  on a frictionless surface. Now imagine someone 

pushing the two masses together, and then   suddenly   releasing them so that they fly apart, 

achieving speeds v1  and v2 . 



 

 The ratio of the two masses can be expressed as;  

   

Or  

The  (-)  appears  because  the  final  velocities v1 and  v2   are  in opposite directions. If we 

divide by Δt and take limits as      we obtain, 

 

According to Newton's 2nd law, this “change of  motion” is proportional to the force caused 

it;  

  

Defining the unit in the SI system, Newton's 2nd law can be expressed in the familiar form: 

 

The force F on the left side of Equation (2.1.6) is the net force Fnet acting upon the mass m. 

 

Which is Newton's 3rd law, that states; two  interacting bodies exert equal and opposite 

forces upon one another.  

 

 



  

Since,                            is called linear momentum, the 2nd  law can be rewritten as; 

 

 

In  other  words,  Newton's  3rd   law  implies  that  the  total momentum of two mutually 

interacting bodies is a constant. 

  

  



 

 

The fundamental equation of motion for a particle subject to the influence of a net force, F 

is,  

 

By writing F as Fnet the vector sum of all the forces acting on the particle.  

 

 

1- Given a knowledge of the forces acting on a particle (or system of particles) 

2- Calculate the acceleration of the particle. 

3- Calculate the velocity and position as functions of time. 

This process involves solving the second-order differential equation of motion, by 

using the initial condition of the problem, such as the values of the position and 

velocity of the particle at time t=0. 

 

When a moving particle remains on a single straight line, the motion is said to be 

rectilinear. In this case, we can choose the x-axis  as  the  line  of  motion, The  general  

equation  of motion is then, 

 



1- The simplest case is when F is constant. 

  In  this  case  a  is constant ; 

 
and the solution is obtained by direct integration with respect to time: 

 

from the above equations  

 
There are a number of fundamental applications for such case.  For example, 

the acceleration of a body falling freely near the surface of the Earth, neglecting air 

resistance, is nearly constant. 

 

 



 

 

  

  

  

 
 



 
If  the  force  is  independent  of  velocity  or  time,  then  the differential equation for 

rectilinear motion is simply 

 

 

 
   By integrating equation (2.3.3) we get the kinetic energy of the particle, 

 

 
Let us define a function V(x) such that, 

 
The function V(x) is called the potential energy 

 

 

 
From (2.3.6);  

    (  )     ( )           (2.3.8) 

  is known as total mechanical energy of particle. 

 



The motion of the particle can be obtained by solving the energy equation (Equation  

2.3.8) for v, 

 

 
 

 

 

 

 

 

 

 



 

 

 
in which G is Newton's constant of gravitation, M is the mass of the Earth, and r is the  

distance from the center of the Earth to the body. 

When the body is at the surface of the Earth, 

          and      
   

  
     thus      

  

  
   

Let x be the distance above the surface, so that, r = re + x, 

 

 

 
From the equation, 

 

The potential energy is,  
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Let xo=0 then solving for v
2
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The turning point (maximum height) is found by setting v = 0 and solving for x. The result is, 

  (H.W)  

 



  

  

  

 

 

 

 

 

 



 

It often happens that the force that acts on a body is a function of the velocity of the body. 

For example, in the case of viscous resistance exerted on a body moving through a fluid. If 

the force can be expressed as a function of v only, the differential equation of motion may be 

written in either of the two forms; 

 

The general solution for these equations are, 
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 ∫
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 F(v) is not a simple function and generally must be found through experimental 

measurements. However, approximation for many cases is given by the equation, 

 

 

Note, (The absolute-value sign is necessary on the last term because the force of fluid 

resistance is always opposite to the direction of v.) 

     1-For small v the linear term (c1v) in F(v) can be used , while the  

2- For large v the quadratic term(   | |) dominates . 

Linear  or Quadratic ? 

the ratio of, 
     

    
 

 

If the value of v will make the ratio (
     

    
  )then it is a quadratic case, otherwise, it is 

a linear one. 

 

 



Examples 

For spheres in air, 

 

where D is the diameter of the sphere in meters. 

  

For small v the linear term in F(v) can be used , while the quadratic term dominates at 

large v. 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 


