Square In Square	HL010 scoring rubric

Math Domain

��Number/Quantity�(�Shape/Space�(�Function/Pattern������������Chance/Data��Arrangement����Math Actions (possible weights: 0 through 4)

�2�Modeling/Formulating�1�Manipulating/Transforming���������4�Inferring/Drawing Conclusions�3�Communicating��Math Big Ideas

��Scale�(�Reference Frame�(�Representation�����������(�Continuity�(�Boundedness�(�Invariance/Symmetry������������Equivalence��General/Particular��Contradiction������������Use of Limits��Approximation��Other����������The intent of this task is to have students demonstrate their ability to make connections between the investigation of functions, coordinate geometry and Euclidean geometry. 

1. 	Squares in a square: 

	Symbolic:	The first step is to introduce a variable a marking the length of the side of the larger square. Then the sides of the four triangles surrounding the inscribed square are �EMBED Equation.3��� and �EMBED Equation.3���. The combined area of the four triangles is then �EMBED Equation.3���, leaving A(x), the area of the inscribed square to be: �EMBED Equation.3��� 

	The same result could be obtained by simply using the Pythagorean Theorem on any of the triangles.

	The perimeter can be obtained by either using the Pythagorean triple again to find the side of the square, or noticing that the area is simply the square of the length of the side, so the perimeter is �EMBED Equation.3���.

	Verbal:	The area and the perimeter behave in a similar manner: as x increases from 0 to �EMBED Equation.3��� they both decrease, and for x increasing from �EMBED Equation.3��� to a both quantities increase back to their original values. In fact, if we move the zero to the �EMBED Equation.3��� point , the change in both directions for each quantity is exactly the same. At the midpoint the perimeter is exactly �EMBED Equation.3��� and the area is exactly half of the area of the large square.

�Graphical:	

�EMBED MSDraw.1.01  \* MERGEFORMAT����EMBED MSDraw.1.01  \* MERGEFORMAT���

	The area graph is a parabola, the perimeter is half of a hyperbola with the asymptotes as in the diagram.

2.	 Rectangles in a square:

	Here, the perimeter of all inscribed rectangles is constant and the limiting case is a rectangle with zero width and length equal to the square’s diagonal. Or using symbolic expression, �EMBED Equation.3���a. The area function is: �EMBED Equation.3���. This time the maximal area is at the value of �EMBED Equation.3���, which indicates that the rectangle with maximum area is a square.

�3.	Rectangle in a rectangle:

	This situation is harder not only because there is no obvious relation between the sides, but also because it appears that for some ratios of the sides of the original rectangle there may be one or no rectangles inscribed in it, while for other ratios there may be a whole range of possibilities. Further investigation may be greatly simplified by introduction of Euclidean coordinates or working with vectors. However, a simple geometric argument may also provide an insight into the relationship between the sides of the inscribed rectangle.

�EMBED CDraw4���

	Comparing the angles of the triangles and the rectangles, it is clear that a is equal to g. This means that the four triangles surrounding the inscribed rectangle are similar and the sides are proportional. This relation can be expressed as

�EMBED Equation.3��� or �EMBED Equation.3��� (the symmetric form).

	Solving this equation separately in terms of x and in terms of y produces two relations:

�EMBED Equation.3���

	Combined with the restrictions of �EMBED Equation.3��� and �, these significantly narrow the possibilities for the values of x and y. If a and b are equal, this question is reduced to part 2. Otherwise, these conditions in no way restrict the possible values of x and y (substitute the values from the inequalities, and the two resulting inequalities are always true). In the absence of other algebraic restrictions, now it appears that for each value of x between 0 and a, it is always possible to find a corresponding value for y. One would hope that at least an attempt is made to verify this proposition.







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

(weight: 2)�Provide one or two of the required representations for either perimeter or area. in 1 and 2.



Correctly describe the perimeter function in 2.�Give the verbal, graphical and symbolic answers required in 1 and 2; establish links between the three representations where necessary.



Correctly describe the area function only in 1 and 2.



Recognize the similarity of triangles in 3.��Transforming/�Manipulating

(weight: 1)�Adequately perform the symbolic manipulations and sketch approximate graphs where plausible.�Accurately identify the maximum and the minimum areas in 1 and 2.



Present accurate graphs and make a plausible attempt to identify their shapes.



Accurately state the discovered symbolic constraints on x and y.��Inferring/�Drawing Conclusions

(weight: 4)�Make sure that the area and the perimeter functions in 1 and 2 are consistent, although not necessarily correct.



Provide only some of the explanatory reasoning for the area and perimeter functions.�Provide plausible explanatory reasoning for at least three of the four functions asked for in 1 and 2

Clearly describe and explain the general behavior of each of the functions.

Identify a constant function as the perimeter in 2 and provide supporting arguments (or construction).

Make use of the similarity conditions in establishing the strategy in 3, and assure that the strategy provided is self-consistent and always results in a rectangle.

��Communicating

(weight: 3)�Provide relevant verbal descriptions everywhere with at least some argumentation.

Make some attempt at establishing links between 1, 2 and 3.





�Present the verbal descriptions clearly and informatively.



Provide supportive verbal explanation or argumentation in all parts, including symbolic and graphical descriptions.



Mark identifying features of each graph.��
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