Boring a Bead	HL104 scoring rubric
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The intent of this problem is to probe student’s ability to think in three dimensions, to use simple trigonometry, and to recognize invariance.


The volume of material in the bead is 


[volume of sphere]–[volume of cylindrical plug that fills the bead]–[2( volume of spherical cap)]


The radius of the hole is


	�EMBED Equation.3���.


The length of the hole is 


	�EMBED Equation.3���.


The volume of the cylindrical plug that would just fill the bead is 


	�EMBED Equation.3���


�
If one does the symbolic manipulation the result is


	�EMBED Equation.3���


But the length of the hole is 


	�EMBED Equation.3���.


Therefore,


	volume of bead = �EMBED Equation.3���


Notice that this volume does not depend on the radius of the sphere, but only on the length of the hole. All beads with the same length hole have the same volume of material. [Students should check the limiting case in which the radius of the hole is zero.]











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


(weight: 4)�
Make some attempt to decompose the volume of the sphere.�
Correctly decompose the volume of the sphere.�
�
Transforming/�Manipulating


(weight: 3)�
Correctly calculate at least one of the volumes in the decomposition of the sphere.�
Correctly calculate the volume of the bead.�
�
Inferring/�Drawing Conclusions


(weight: 3)�
Give a qualitative argument for the volume of the bead being independent of the radius.�
Show analytically that the volume of the bead depends only on L.�
�
Communicating


(weight: 2)�
Make some attempt to explain the reasoning involved.�
Present the reasoning in a clear, coherent way.�
�
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