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Newton’s Second and Third Laws; Inertial Mass, Gravitational Mass, and Weight

OBJECTIVES:

16.  State Newton’s second law of motion and solve problems involving it.
17. State Newton’s third law of motion and discuss examples.

18. Define inertial mass.

19. Compare gravitational mass and inertial mass.

20. Discuss the concept of weight and distinguish between weight and mass.

Newton’s Second Law of Motion – the net force acting on an object causes the object to accelerate in the direction of the net force.  The acceleration of an object is determined by the size of the net force and the mass of the object. The acceleration of a body is proportional to the resultant force and occurs in the direction of the force. 

a = F / m, where F is measured in Newtons (N) and mass is measured in kg
1N is the force which can give a 1kg mass an acceleration of 1ms-2
Gravity is a force of attraction between two objects that have a mass.  Anything that has mass is attracted by the force of gravity.  According to the law of gravitation, any two masses exert an attractive force on each other.  The attractive force depends on the mass of the two objects and the distance between them.  This force increases as the mass of either object increases or the distance between them decreases.
Near the Earth’s surface, the gravitation attraction of Earth causes all falling objects to have an acceleration of 9.8m/s2.  This is the force of gravity on an object near Earth’s surface.  


F = m a
F (N) = m (kg) a (m/s2), where a = 9.8m/s2
A moving object has a property called momentum that is related to how much force is needed to change its motion.  Momentum depends on an object’s mass and velocity.  

p = m x v

kg m/s = kg x m/s
Second Version

The rate of change of momentum of a body is proportional to the resultant force and occurs in the direction of the force. 

· F = mv – mu 


F =(p
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Newton’s Third Law of Motion – For every action force there is an equal and opposite reaction force.  When one object exerts a force on a second object, the second one exerts a force on the first that is equal in size but opposite in direction.  Even though the forces are equal, they are not balanced because they act on different objects.  There is the “action” force and the “reaction” force.  Rockets expel hot gasses from their engines, which propels them forward.  
When two bodies A and B interact, the force that A exerts on B is equal and opposite to the force that B exerts on A.
According to Newton’s third Law what is the opposite force to your weight? 
As your weight is the pull of the Earth on you, then the opposite is the pull of you on the Earth!
The law is stating that forces never occur singularly but always in pairs as a result of the interaction between two bodies. 
For example, when you step forward from rest, your foot pushes backwards on the Earth and the Earth exerts an equal and opposite force forward on you. 
Two bodies and two forces are involved.
The equal and opposite forces do not act on the same body!
Newton: recognized that gravitational force is proportional to both masses and the inverse square of the distance between the centers of spherical bodies.
He recognized that the force pulling an object to the Earth must be proportional to the object’s mass.  The apple would also pull the Earth, so the force of attraction must be proportional to the mass of the Earth as well
Newton´s first law implies that matter has a built in reluctance to change its state of motion. 
· This property, possessed by all bodies, is called inertia. 
· The mass of a body is a measure of its inertia 
· Inertial mass is defined as the ratio of the resultant force to the acceleration 
· i.e. m = F
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The mass that a body has that gives rise to the gravitational attraction between bodies, is the gravitational mass of that body.
The concept of mass arises with Newton´s gravitational law, in which the force between two point masses m1 and m2 separated by a distance r is given by 
F = G m1 m2 
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Since gravitational mass and inertia mass measure entirely different properties there is no reason why we should consider them to be identical quantities.
However consider a body close to the surface of the earth which has a gravitational mass mg and an inertial mass of mI 
If the gravitational mass of the Earth is Mg then the magnitude of the gravitational force exerted on the body is given by 
F = G Mg mg 
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Where R is the radius of the Earth
 The object will accelerate according to Newton´s Second law such that 
F = G Mgmg = mIa
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Rearranging gives 
a = GMgmg                                           


  R2mI 
Or a = k mg                                           

     
         mI 
All experimental evidence points to the fact that the value of a (the acceleration of free fall at the surface of the Earth) is the same for all objects 
Hence we conclude that mg = mI 
i.e. Gravitational and inertial mass are equivalent.
The usage of the word weight can be ambiguous 
What we actually mean is the gravitational force (m x g) that the Earth exerts on the body
Mass is a property of a body 
· It is independent of position 

Weight is a Force due to the Earth 
· It is dependent on the position of the body on the Earth. 
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