Chapter 12 Review
Kinetics of Particles

Question:  What is a Newtonian frame of Reference?  
Answer:     One where this statement is true:     ΣF = ma

Question:  What are other names for a Newtonian Frame of Reference?
Answer:     Absolute Frame, Inertia Frame, Fixed Frame
Question:   How can we represent vectors in a Newtonian Frame of Reference?

Answer:     We can use any one of these three coordinate systems: 

	Rectangular 
coordinate system with components in the x, y, and z directions
	Tangential / Normal / Binormal 
coordinate system with components in the et, en, and eb directions
	Radial / Transverse / Axial coordinate system with components in the er, e(, and z directions
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Linear Momentum of a Particle:  
L = mv
Note:  If the mass is constant we can rewrite ΣF = ma as: 

ΣF = d(mv) =  dL 



dt
  dt

Principle of Conservation of Linear Momentum:



If ΣF = 0   
⇒   
L = constant

Angular Momentum of a Particle about a point O: 
HO = r x mv
It is also called the “moment of momentum” of the particle about point O.

With some work we can get:  
Σ MO   =   dHO /dt 
    

Principle of Conservation of Angular Momentum:



If ΣMO = 0
⇒ 
HO = constant

Motion Under a Central Force:

This means that the lines of action of all the forces acting go through a common point.  
The point is known as the center of the motion.  

For motion under a central force ΣMO = 0 where O is the center of the motion.
For rectangular components:
v

For radial/transverse components:

HO = Hxi + Hyj + Hzk




HO = m r v sin(

Hx = m(yvz - zvy)
  
 v(

       
     = m r v( 

Hy = m(zvx – xvz)



                = m r (r d(/dt)


Hz = m(xvy – yvx)


        (
   vr
      = m r2 d(/dt   (this is ⊥ to plane of  r & v)

  
r
hO = HO/m = angular mom. per unit mass 

   =  r2 d(/dt   
(constant for motion under a c.f.)

Note:  
Areal velocity, dA/dt = ½ r2 (d(/dt)  
This is also constant for motion under a central force.
Dynamic Equilibrium:

ΣF +  -ma  = 0




This is called the inertia vector or inertia force 

For normal components:  
ΣFn +  -man  = 0
       
The inertia force in the normal direction is called the centrifugal force

Note: 
Inertia forces are not the same as regular forces. (e.g. contact, gravity, etc.)
They are actually accelerations. (actually accelerations multiplied by the mass.)  
However, they do affect our senses in the same way.
Thought experiment:  

You are inside an elevator that starts to accelerate upward.  What do you “feel”?  Doesn’t it feel as if a “force”  is acting downward on you?  This is the inertia vector or inertia “force”.  But how do you know it is due to the motion of the elevator beginning its travel?  It might be that the earth just increased its mass!  You have no way of knowing if you are inside.  

Newton’s Law of Universal Gravitation: 

All masses exert a force on each other called a gravitational force.  
The magnitude is  F =   G m M    
d2
The direction is shown here:
      m             




       M

 


  Fexerted by M on m
   Fexerted by m on M    










 d
If M is the earth and m is an object on the earth’s surface, then the gravitational force is called the weight of the object:  W = m (GM / Re2)  = mg   where g = (GM / Re2)  
Some vocabulary

centripetal
proceeding or acting in a direction towards a center or axis.
centripetal force
A force acting in a direction towards a center point or an axis.  
The force needed to constrain a body in a circular path.
centrifugal 
proceeding or acting in a direction away from a center or axis.

centrifugal force
A force that tends to impel a body outward from a center of rotation.  
The force that an orbiting body exerts on the thing constraining it.
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