Rolling Coins	HS105 scoring rubric
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Math Actions (possible weights: 0 through 4)
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Inferring/Drawing Conclusions�
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�
Math Big Ideas
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�
Reference Frame�
�
Representation�
�
�
�
�
�
�
�
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�
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�
Invariance/Symmetry�
�
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�
�
�
�
�
�
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�
General/Particular�
�
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�
�
�
�
�
�
�
�
�
�
�
Use of Limits�
�
Approximation�
�
Other�
�
�
�
�
�
�
�
�
�
This problem is intended to probe a student’s understanding of the geometry of motion.


An easy way to see what is going on here is to imagine that the coin is rolled, not around another coin of the same size, but rather along a stretched string which is as long as the circumference of the coin. Clearly by the time it reaches the far end of the string the coin has turned around once.
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Now, with the coin still attached to the end of the string, bend the string around in a circle so that the right end of the string connects with the left end, like this:
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�
Clearly, the coin attached to the end of the string goes through another complete turn as we bend the string. The rolling coin will now be where it would have gotten to by rolling around a coin of the same size. 


The reason the coin rolls around twice is that it must roll once on the length of the circumference. At the same time the length of the circumference must also roll around once. 


To see what happens when we roll a circle either on the outside or the inside of another circle with twice the radius, we imagine decomposing the problem in the same way.
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Now the rolling circle goes around twice to get to the end of the string. If we take the right end of the string and bend it into a circle by moving clockwise (the same way the coin rolled) around the stationary circle, then the rolling circle goes around a third, clockwise turn. But this is where the circle would have gotten to if it has rolled around the outside of a stationary circle of twice the radius.


On the other hand, if we take the right end of the string and bend it into a circle by moving counter-clockwise around the stationary circle, the moving circle will have undergone two clockwise turns and one counter-clockwise turn, or one net turn in a clockwise direction. But this is where the circle would have gotten to if it had rolled around the inside of a stationary circle of twice the radius.





�
partial level�
full level�
�
Modeling/�Formulating


(weight: 3)�
Recognize that distance rolled is related to circumference.


State any kind of theory for why rolling on a circle differs from rolling on a straight line.�
Recognize that the stationary circle’s circumference is itself “turning” as the rolling circle moves along it.�
�
Transforming/�Manipulating


(weight: 1)�
�
Correctly use the relationship between a circle’s radius and its circumference.�
�
Inferring/�Drawing Conclusions


(weight: 3)�
Extend reasoning in 1 to address 2 and 3. �
Correctly conclude three turns for 2 and one turn for 3.�
�
Communicating


(weight: 3)�
Make some attempt to explain the reasoning involved.�
Make a coherent, complete presentation of the reasoning involved.�
�
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