Newton’s Laws in Rotational Form

The goal of this exercise is simply to rewrite Newton’s laws in rotational form and figure out what the “new” forms mean.  The answers are not always obvious.

Newton’s First Law says that “in the absence of external forces, an object at rest tends to stay at rest and an object in motion tends to stay in motion.”  What could we add to this so that it directly applies to rotation?

Newton’s First Law is a close cousin of the law of conservation of momentum:  “In the absence of external forces, the momentum of a system of objects in conserved.”  How would you rewrite this in angular form?  Is there something new that we need to define?

The simplest way to proceed is always to define our “new” laws so that we can use our intuition about solutions to the old laws.  If we can define new variables so that we only have to transcribe equations, most of our work is already done!

Newton’s second law (in the most general form) is that “In the presence of external forces, the net force on an object is equal to the rate of change of the momentum of that object.” How would you rewrite this in angular form?

Newton’s second law (in the most common special case) is that “If the mass of an object does not change, the net force on that object is equal to the mass of the object times its acceleration.” How would you rewrite this in angular form?

�The third law is easy to rewrite, but it requires some care to interpret.

Write down an equation that expresses Newton’s third law.

Write down the equation that defines torque.  (Write down what torque is, not what it does.)

What do you have to do to rewrite the equation from part a in terms of torque?  Okay, now do it.

Think about the mathematical operation you performed to get your answer to part c.  What must be true in order for this operation to be valid?

Look at the two gears below. 
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Does gear A exert the same amount of force on gear B that gear B exerts on gear A?  How do you know?

Does gear A produce a torque about the axle of gear B which is equal to the torque that gear B produces about the axle of gear A? 
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