PHYSICS  100    
ROTATION

Angular displacement can be expressed in units of radians, revolutions or degrees.  The number of radians is equal to the arc length of the rotation divided by the radius.  The radius is also a length.  Therefore, the unit of radian is dimensionless. The arc length or circumference of a circle is 2
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 times the radius.  Thus, there are 2
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 radians in a revolution and 360 degrees in a revolution.

(1) 2
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 rad = 1 rev = 360 degrees

The direction of an object  rotating around some pivot axis is continuously changing.  What is constant is the axis of rotation.  The direction of the rotational motion is defined by the “right hand rule”.  If you curl the fingers of your right hand toward the movement, your thumb will point to the direction of the axis of rotation.

The average angular velocity and the average angular acceleration are defined similar to their linear counterparts. 
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For the special case of constant angular acceleration, we have:
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    and              (5)
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A non-zero net external force will cause an object to accelerate and its mass will resist this acceleration.  For rotational motion, a non-zero net external torque will cause an object to acquire an angular acceleration and its moment of inertia will resist this angular acceleration.
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The torque is the action of a force through a lever arm that produces changes in the rotational motion.  The magnitude of the torque is equal to the product of the force times the lever arm.  The lever arm is the perpendicular distance of the force to the pivot point.
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The moment of inertia is the distribution of mass with respect to the pivot point.  The moment of inertia is the sum of each mass particle times the perpendicular distance squared of that mass with respect to the pivot point.
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where 
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 stands for the sum and r is the perpendicular distance.
The rotational quantity of motion is called the angular momentum.  For an object spinning around an axis on its body, the angular momentum is the product of its moment of inertia times its angular velocity.
(9)
    L = I
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Newton’s second law applied to the quantity of rotational motion states that a net torque is required to change the angular momentum of a system.  If the net external torque is zero, the angular momentum will be conserved.  

     (10)   If 
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L = 0
where 
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means change

For a spinning ice skater, angular momentum is conserved when the skater pulls her arms closer to the center of rotation because it is an internal force that redistributes her mass with respect to the rotational axis.  Only an external force with a lever arm can generate an external torque which can change the angular momentum.  The skater’s movements decrease her moment of inertia, which causes her to increase her rotational velocity, because angular momentum is conserved.
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