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The intent of this problem is to assess understanding of the definition of the derivative as a limit. It requires symbolic and visual ability. Relying on only one of the representations could be misleading.


The problem deals with continuous functions only. Continuous functions that are not everywhere differentiable are:


I.	Functions that have points where the limit from the left and the limit from the right of �EMBED Equation.3��� do not coincide. A good place to look for examples is �EMBED Equation.3��� where f(x) is positive or zero for all values of x, and �EMBED Equation.3���where f(x) changes sign in the interval one is looking at. An example of the first type is �EMBED Equation.3���; an example of the second type is �EMBED Equation.3���. The same is true for cusps where the two tangents coincide geometrically ; however, they are pointed in opposite directions and therefore have no derivative at the cusp.


II. Functions that are defined on multiple intervals; for example �EMBED Equation.3���. In addition there are functions that look smooth but at least at one point do not have a derivative for example �EMBED Equation.3��� at x=0.














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


(weight: 2)�
Find one class of functions defined for all x.�
Find two or more classes of functions, all of them continuous for all x.


Provide arguments for continuity.�
�
Transforming/�Manipulating


(weight: 3)�
Provide fewer than two correct examples in each of two classes, 


or


Do not produce an adequate argument for examples not being differentiable at a point.�
Provide at least two correct examples in each of two classes, and for each of them provide a correct sketch (it does not have to be a precise graph but it should highlight the necessary properties).


Also provide computations of derivatives and/or limits to show where and why there is no derivative.�
�
Inferring/�Drawing Conclusions


(weight: 3)�
Provide incomplete generalization from examples.�
Draw conclusions about the whole class that the two different examples represent.


Describe the properties of the “non-differentiable” functions by graphs, tangent lines and general parametric arguments.


�
�
Communicating


(weight: 2)�
Describe only some of the classes.


or


Do not use all representations clearly.�
Use all four representations, i.e. symbols, clear verbal descriptions, graphs, and numerical arguments.�
�
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