AP PHYSICS C: MECHANICS    

	Linear Forms 
	Rotational Forms 


---------------------Kinematics--------------------- 
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 = Position ([image: image2.png]


 - initial ; [image: image3.png]i



 - final) 

· [image: image4.png]Ar



 = Displacement 
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 = Velocity ([image: image6.png]


 - initial ; [image: image7.png]Uy



 - final) 

· [image: image8.png]


 = Acceleration 

· [image: image9.png]Uab



 = Velocity of a with respect to b 
	· [image: image10.png]


 = Position ([image: image11.png]


 - initial ; [image: image12.png]dr



 - final) - radians 

· [image: image13.png]


 = Angular displacement ([image: image14.png]


 = arc length) 

· [image: image15.png]


 = Angular velocity ([image: image16.png]


 - initial ; [image: image17.png]W g



 - final) 

· [image: image18.png]


 = Angular acceleration 

· [image: image19.png]


 = Radius

· [image: image20.png]


 = frequency (hertz --> Hz: amt. per sec.)

· [image: image21.png]


 = period (seconds)

	Defnintion of [image: image22.png]Ar
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Definitions of [image: image24.png]


 and [image: image25.png]
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Derivation (slope of tangent) to get [image: image27.png]v(t)
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Integration (area under graph) to get [image: image30.png]
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Kinematic Equations 1&2:
[image: image33]
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Equation of graph:
(constant v)
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or alternatively: 

  [image: image36.png]Ty=x;+vi



 
Equation of graph:
(constant a)
[image: image37.png]



or alternatively 

 [image: image38.png]vy=v;tal



 
Kinematic Equation 3: 
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Sum of areas: 

[image: image40.png]r+q



  

Area of q:

Area of r:
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Therefore:  
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Kinematic Equation 4: 

· Combining 2 and 3 to eliminate [image: image44.png]


 yields: 

 [image: image45.png]v} =v?+2aAx



 


Reference Frame Addition:  [image: image46.png]
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 reads as "velocity of a with respect to b."  Treat x and y directions separately.
	Definition of [image: image48.png]
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Definitions of [image: image50.png]


 and [image: image51.png]
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Derivation (slope of tangent) to get [image: image53.png]
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Integration (area under graph) to get [image: image56.png]
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Kinematic Equations 1&2:  (by analogy to linear equivalents)
Constant [image: image59.png]


 graph:
 [image: image60.png]


 
Constant [image: image61.png]


 graph:
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Kinematic Equation 3:  (by analogy to linear equivalent)
 [image: image63.png]A0 =w;t+3at?



 
Kinematic Equation 4: 

· Combining 2 and 3 to eliminate [image: image64.png]


 yields: 

combining yields:  [image: image65.png]


 


Connecting linear values to rotational ones:  [image: image66.png]=l



 and [image: image67.png]=]



 are tangent to circle.
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 and [image: image70.png]2l



 are vectors along axis of rotation with direction determined by right hand rule


Frequency & Period: 
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---------------------Forces/Torques---------------------

	· [image: image73.png]


= sum of the forces (Newtons)

· [image: image74.png]


 = weight force (Newtons)

· [image: image75.png]


 = normal force (Newtons)

· [image: image76.png]Fy



 = friction force (Newtons)

· [image: image77.png]


 = coefficient of static friction 

· [image: image78.png]iy



 = coefficient of kinetic friction

· [image: image79.png]


 = applied force (Newtons)

· [image: image80.png]Fy



 = tension force (Newtons)

· [image: image81.png]


 = elastic force (Newtons)

· [image: image82.png]


= centripetal acceleration ([image: image83.png]2



)

· [image: image84.png]


= acceleration due to gravity ([image: image85.png]


) 

· [image: image86.png]


 = momentum ([image: image87.png]


)

· [image: image88.png]


= impulse ([image: image89.png]


) 
	· [image: image90.png]


 = moment of inertia (rotational analog of [image: image91.png]


 for torques) Values of [image: image92.png]


:

· Point mass moving in circle [image: image93.png]




 INCLUDEPICTURE "http://chart.apis.google.com/chart?cht=tx&chs=1x0&chf=bg,s,FFFFFF00&chco=000000&chl=k%3D1" \* MERGEFORMATINET [image: image94.png]



· Thin Hoop: [image: image95.png]



· Rod length [image: image96.png]2r



 about its center [image: image97.png]6ol




· Solid disk/cylinder radius [image: image98.png]


: [image: image99.png]



· Solid sphere radius [image: image100.png]


: [image: image101.png]eolvs



 

· Hollow sphere [image: image102.png]eolvs



 

· [image: image103.png]


= torque (analog of [image: image104.png]


)

· [image: image105.png]


 = angular momentum (analog of [image: image106.png]


)

· [image: image107.png]


 = angular equivalent of impulse.  Has no letter to represent it. (analog of [image: image108.png]


)

	Forces:
[image: image109.png]


  (statics) 

 [image: image110.png]


  (acceleration)

Treat x and y force components separately and then combine components with Pythagorean theorem:
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Momentum & Impulse:
[image: image114.png]


 [image: image115.png]Fl=mv=p
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Also...
[image: image117.png]F=ma=7F=m%=»th=mdu(=J)
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(i.e. - Impluse is the area under a [image: image119.png]


graph) 
	[image: image120.png]


(statics) 

 [image: image121.png]


 (acceleration)
Torque is a vector along the axis of rotation with direction determined with right hand rule.
Parallel Axis Theorem: [image: image122.png]I' =T 4+md?



 , where [image: image123.png]


 is the old moment of inertia, and [image: image124.png]


 is the distance between the old parallel axis of rotation and the new axis.


Momentum & Impulse (by analogy):
 
[image: image125.png]T=I&=T=I%ﬁ



 [image: image126.png]


 
Also...
 [image: image127.png]
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And...
 [image: image130.png]L=rxp=rpsin(0)



 


Calculating moments of inertia:
 [image: image131.png]


 


---------------------Energy--------------------- 

	· [image: image132.png]


 = Potential Energy (Joules)

· [image: image133.png]E;.



 = Kinetic Energy (Joules)

· [image: image134.png]


 = Elastic Potential (Joules)

· [image: image135.png]


 = Work (Joules)

· [image: image136.png]


 = Power (Watts)

· [image: image137.png]


 indicates dot product
	· [image: image138.png]Er,



 = Rotational Kinetic Energy (Joules)
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 [image: image143.png]


 
 [image: image144.png]


 
Also, since [image: image145.png]
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dr -~ dz



  (work done by field)
	[image: image148.png]=102
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---------------------Center of Mass---------------------

(i.e. - sum of mass times position of all particles divided by sum of mass of all particles)

---------------------Gravity--------------------- 

· [image: image149.png]


 = semimajor axis length

· [image: image150.png]


 = apogee radius

· [image: image151.png]I'p



 = perigee radius

· [image: image152.png]


 = universal gravitational constant [image: image153.png]G =6.67 x10~1




· [image: image154.png]


 = mass of larger object

· [image: image155.png]


 = mass of smaller object

· [image: image156.png]


 = distance between two objects OR radius of planet

· [image: image157.png]


 = distance to center of planet

· [image: image158.png]


 = velocity of orbiting object

· [image: image159.png]


 = escape velocity

[image: image160.png]Ta+Tp)




 [image: image161.png]


 = constant for all orbits around same object
Fg adjusted for planetary motion:

 [image: image162.png]


 
gravitational acceleration as a function of planet radius: 

 [image: image163.png]


 
gravitational acceleration as an object moves inside a planet: 

 [image: image164.png]g(r)=

g



 
adjusted Eg for any location above planet's surface, r measured from center of planet: 

 [image: image165.png]


 
orbital velocity as a function of r: 

  
energy is conserved throughout orbit (value is negative because it is bound): 

 [image: image166.png]


 
  
escape velocity (projectile launched perpendicular to earth's surface): 

[image: image167.png]


, or in other words

[image: image168.png](Ex+Uy), = (Ex+Uy);



, and since [image: image169.png](Ex+Ug)y=0



, then we can say
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, and thus,
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---------------------Simple Harmonic Motion (SHM)--------------------- 

 [image: image172.png]x(t) = Acos(wt + )
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 = angular frequency [image: image176.png]S|y



)
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  and thus  [image: image178.png]rF
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By substitution, [image: image179.png]Ar = —kAzr =—mw2z(t) = k=mw?




Solving for angular frequency gives: [image: image180.png]


 
Substituting into [image: image181.png]


 gives [image: image182.png]


  
Period of a SHM pendulum (15 degrees or less):
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 = length of string  
 [image: image184.png]


 
---------------------Velocity Dependent Friction---------------------

terminal velocity = [image: image185.png]|
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 = some constant that will be given to you or you will have to solve for

differential equation madness! 

Example: [image: image187.png]


, where [image: image188.png]


 is a constant and [image: image189.png]


 is the velocity of the object going through air.  Let's say it's falling from rest, and has mass [image: image190.png]


.  Find terminal velocity.
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let [image: image198.png]
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MEMORIZE THIS: [image: image202.png]
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Constants of integration can really be combined into one constant of integration.
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note that when [image: image209.png]
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note here that the constant is [image: image217.png]



