
Mechanics
(Newtonian or Classical)


The study of forces and their actions on bodies

There are three possible consequences of
a system

There are three types of bodies:

of forces acting on a body: 






1.  rigid bodies
1. no acceleration (rest or constant velocity)


2.  particles 
2. acceleration






3.  deformable bodies

3. deformation


Rigid Bodies


   
Deformable bodies

Fluids

& Particles

   
 
The forces acting on the bodies 

A rigid body does not deform.


may cause some deformation.

A particle is a special case of a rigid body.

The rotation about its own mass center is neglected.
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The Four Basic Concepts that we think we intuitively understand:

1. time – a continuous function, always positive and increasing.
2. space – 3 dimensional, defines a position of a body with respect to some origin or frame of reference.
3. force – an action on a body that produces or constrains motion; characterized by a vector.  (It has magnitude, direction and a point of application.)
4. mass – an inherent property of a body.  It measures the body’s resistance to a change in its motion.  It also measures the body’s ability to attract another mass.  (Are these two necessarily the same?)
The Six Fundamental Principles That We Agree to Believe In:

1. Forces can be represented as vectors. Hence, they can be added according to the laws of addition of vectors.
2. Newton’s First Law.  (The one about inertia.)
3. Newton’s Second Law.  (Fnet = ma)
4. Newton’s Third Law.  (The one about action and reaction forces.)
5. Law of Transmissibility for force vectors acting on Rigid Bodies.
6. Newton’s Law of Universal Gravitation:  
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Note:  We can further reduce these 6 principles to 4 because Newton’s first law is actually a special case of his second.  Also the law of transmissibility can be derived from the others.  

Questions:  Is it reasonable to believe in these 6 principles?  They are based on observation/experience/evidence.  But they can’t be proved.  So why do we believe in them?  Are they universal?  i.e. are they always true, anywhere in the universe?  (The answer to this is NO!)
Inertial Frame / Newtonian Frame / Absolute Frame

These all refer to a frame of reference in which Newton’s second law is true.  We can consider objects on the earth that are of a human scale (not too small) to be in an inertial frame of reference.
Motion can be separated into two different categories:
1. Translation – the motion of a body through space, moving from one point to another.

2. Rotation – the motion a body about its own mass center.

Note: A body moving in a circular path about a point other than its own mass center is not in rotation – it is in translation!  

Example:  Think of the earth. As it spins on its own axis, it is also moving in a circular path about the sun. The circular motion about the sun is often referred to as “rotation”, but strictly speaking, this “rotation” is translation because it is moving from one point in space to another. The spinning of the earth on its own axis is the rotational part of its motion. 

The earth’s motion has both a rotational aspect and a translational aspect. Bodies that have both aspects are always harder to analyze. A tire rolling along a road is another example of a body in both translation and rotation. In this case the translation is along a straight line. (Or perhaps a curve if the road is not straight or flat.)
So be careful.  People use the word “rotation” to indicate both of these ideas:

1. a body rotating about its own mass center

2. a body traveling in circular motion about some point other than its own mass center.  

The two are subtly different concepts.  The second here is actually translation.

More on Particles and Rigid Bodies
· A rigid body means there absolutely no deformation. (An ideal case.)
· A particle is a special case of a rigid body. The rotation about its own mass center is neglected.
· A particle is not necessarily small.  However, we disregard the actual shape and size and only consider the motion (translation) of the entire body.  
· The rotation of a rigid body about its own mass center is not negligible. 

More Vocabulary

Kinematics – describes the motion of a body.  The kinematics of a problem describes the relationship between the position (r), the velocity (v), the acceleration (a) and time (t) without a reference to the cause of the motion.  Kinematics refers merely to the geometry of the problem description.

Kinetics – predicts the motion of a body using Newton’s 2nd law: F = ma

The kinetics of the problem can allow you to solve for the motion of a body based on knowing the forces acting on the body and its mass.  Alternatively, the forces may be determined based on a given motion of the body.

