	Note:  mr = miri
where r is the position vector to the mass center
	A Particle
(one)
	A System of Particles

(two or more)
	A Rigid Body in Plane Motion

(one)
	A System of Rigid Bodies

in Plane Motion

(two or more)

	Linear Momentum
	L  =  mv
	L  =  mivi   =  mv
	L  =  mv
	L  =  mivi

	Angular Momentum
	HO  =  r x mv
	HO  =  (ri x mivi)  =   (r x mv) + HG
HG    =  (ri’ x mivi)  =   HG’   =  (ri’ x mivi’)
	HG  =  I 
HO   =  IO 
(for non-centroidal rotation)
	HG = Ii i

	Kinetic Energy


	T = ½ mv2
	T   =   ½mivi2   =    ½mv 2  +  ½mivi’2
	T =  ½ mv 2 +  ½ I 2
T =  ½ Io 2
(for non-centroidal rotation)
	T  =  ½ mivi2  +  ½ Ii i2
T  =  ½ IO 2
(for non-centroidal rotation)

	F = ma


	Fnet  =  ma

Fnet   =  L


	
Fext  =  miai  =  ma = L


MOext = (ri x Fi) = (ri x miai) = HO

MGext =HG =HG’ = (ri’ x miai) = (ri’ x Fi)
	Fext = ma = Feff

MGext = HG = I = MGeff

(Use kinematics to get relations b/w a & :

For rolling without slip:   r  =  ageometric cnt
For non-centroidal rotation:    a = at + an    )
	Fext = ma = Feff

MGext = HG = I= MGeff
(Fext  &  MGext   
do not include forces and couples 
acting between 
the rigid bodies of the system.)

	Work-Energy Theorem

(for problems involving displacements and velocities)
	T1 + U12 = T2
Where U12 is the work done by all the forces acting 

on the particle between positions 1 & 2.

Work of a force: 

            U12 = 12   F   dr

               = 12  F cos ds

        = 12   Fs ds
	T1 + U12 = T2
Where U12 is the work done by all forces (external and internal) that act on the system of particles between positions 1 & 2.

(Note: Sometimes the work done by reaction pairs of internal forces will cancel out if the displacements of the two particles are the same.)
	T1 + U12 = T2
Where U12 is the work done by external forces only that act on the rigid body between positions 1 & 2.

(Note: The work done by reaction pairs of internal forces will cancel out because the displacements of the two points are the same.)

Work of a force:   U12 =  12 F     dr
Work of a couple:  U12 =  12 M d
	T1 + U12 = T2
Where U12 is the work done by all external forces and only the internal forces that act between the rigid bodies of the system between positions 1 & 2.

(Note: Sometimes the work done by reaction pairs of internal forces will cancel out if the displacements of the two points on the rigid bodies are the same.)

	Impulse-Momentum

Principle

(for problems involving time and velocities)
	L1 + I12 = L2
Where

I12  =  t1t2  Fdt 

are the impulses of all the forces that act 

on the particle between

time 1  &  time 2
	L1  +  I12   =   L2
Where I12 = t1t2 Fdt 

are the linear impulses of all the external forces only 

that act on the system of particles between times 1 & 2

(Note: The impulses of reaction pairs of internal forces will cancel out because the time intervals of the two particles are the same.)

HO1  +  12   =   HO2  
Where 12 = t1t2  MOext dt 

are the angular impulses of all the external forces only 

that act on the system of particles between times 1 & 2
	L1 + I12 = L2
Where I12 = t1 t2Fdt 
are the impulses of all external forces only
that act on the rigid body between times 1 & 2.

HG1 = t1 t2 MGext dt = HG2
HO1 = t1 t2 MOext dt = HO2
(for non-centroidal rotation)


	L1 + I12 = L2
Where I12 = t1 t2Fdt 
are the impulses of all external forces only 
that act on the system between times 1 & 2.

HG1 = t1 t2 MGext dt = HG2
HO1 = t1 t2 MOext dt = HO2
(for non-centroidal rotation)


Note: Vector quantities are in bold typeface.

