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¡  A	car	slams	on	the	brakes	to	avoid	an	accident,	
slowing	its	wheels	from	an	initial	angular	
velocity	of	10	rad/s	to	rest.	During	this	time,	the	
wheels	rotate	100	radians.	What	angular	
acceleration	did	the	car	wheels	undergo?		

A.  -1	rad/s2	
B.  -2	rad/s2	
C.  1	rad/s2	
D.  -0.5	rad/s2	
E.  0.5	rad/s2	
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Angular	acceleration	=	Torque	/	Moment	of	
	 	 	 	 	 	 	Inertia	



  R-4 

3/17/2010  ©University of Colorado at Boulder 

x What is the frequency f ?    f  =  1 / T  =  1 rev / (1.80 s)  =  0.555 Hz 

x What is the angular velocity Z ?  12 f 2 0 555 s 3 49 rad s( . ) . /�Z  S  S  

x What is the speed v of a bug hanging on to the rim of the disk?  

 v  =  r Z = (15.2 cm)(3.49 s-1)  = 53.0 cm/s 

x What is the angular acceleration D of the bug?  D = 0 , since Z = constant 

x What is the magnitude of the acceleration of the bug?  The acceleration has only a radial 

component ar , since the tangential acceleration atan  =  r D  =  0.   

a  =  
22
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      (about 0.2 g's) 

For every quantity in linear (1D translational) motion, there is corresponding quantity in 

rotational motion: 

Translation l Rotation 

   x  l    T 

dxv
dt

  l d =  
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dt

  l d =  
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     F  l     (?) 

     M  l     (?) 

 F = Ma  l     (?) = (?) D  

KE = (1/2) m v2 l     KE = (1/2) (?) Z2 

 

The rotational analogue of force is torque. 

Force F causes acceleration a    l      

Torque W�causes angular acceleration D����

The torque (pronounced "tork") is a kind of 

"rotational force".    

magnitude of torque:    r F r FsinAW { �  T    
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¡  SI	Units	[N][m]	

¡  Why	an	extra	factor	of	r	compared	to	force?			

¡  Because	you	can	more	easily	rotate	a	wheel	if	
you	push	farther	from	the	center…	
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r = "lever arm" = distance from axis to point of application of force 

FA = component of force perpendicular to lever arm 

 
Example: Wheel on a fixed axis: 
Notice that only the perpendicular component of the force F will rotate the wheel.  The 
component of the force parallel to the lever arm (F||)  has no effect on the rotation of the wheel. 
If you want to easily rotate an object about an axis, you want a large lever arm r and a large 
perpendicular force FA: 

 
Example: Pull on a door handle a distance r = 0.8 m from the hinge with a force of magnitude F 
= 20 N at an angle T = 30o from the plane of the door, like so: 

W = r FA = r F sin T =  

(0.8 m)(20 N)(sin 30o) = 8.0 m�N 
 
 

 
 
For fixed axis, torque has a sign (+ or –) : 
Positive torque causes counter-clockwise CCW rotation. 
Negative torque causes clockwise (CW) rotation. 
 
If several torques are applied, the net torque causes angular acceleration: netW  W v D¦  

 
Aside: Torque, like force, is a vector quantity.  Torque has a direction.   
Definition of vector torque : r FW  u     = cross product of r and F: "r cross F"   
 
Vector Math interlude:  The cross-product of two vectors is a third vector A B Cu   defined 
like this:  The magnitude of A Bu is A B sinT .  The direction of A Bu is the direction 
perpendicular to the plane defined by the vectors A and B plus right-hand-rule.  (Curl fingers 
from first vector A to second vector B, thumb points in direction of A Bu  

r 

FA 

W  =  r FA 

Another example: 
a Pulley 
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To see the relation between torque W and angular acceleration D , consider a mass m at the end of 
light rod of length r, pivoting on an axis like so: 

 
 
Apply a force FA to the mass, keeping the force perpendicular to the lever arm r. 

 
 
acceleration atan  =  r D�
�
Apply Fnet = m a, along the tangential direction:     
FA  =  m atan  =  m r D�
 

Multiply both sides by r  ( to get torque in the game ):   r FA  =  (m r 2) D�
�
Define  "moment of inertia" =  I  =  m r 2

   
 
�� � W  =  I � D  ( like F  =  m � a ) 
 
 
Can generalize definition of I: 
 
Definition of moment of inertia of an extended object 
about an axis of rotation: 
 

2 2 2
i i 1 1 2 2

i

I m r m r m r{  � �¦ ...     

 
 
Examples: 
x 2 small masses on rods of length r: 
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I	=	mr2	=	“Moment	of	Inertia”	



¡  SI	Units	[kg][m2]	

¡  Why	an	extra	factor	of	r2	compared	to	mass?	

¡  Because	it	is	much	harder	to	move	mass	that	is	
farther	from	the	center…	
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Which	is	least	effective?	



Which	is	least	effective?	




