Para-Ball-A	HL086 scoring rubric
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�
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�
�
�
�
�
�
�
�
�
�
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�
�
�
Math Actions (possible weights: 0 through 4)
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Modeling/Formulating�
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Manipulating/Transforming�
�
�
�
�
�
�
�
�
3�
Inferring/Drawing Conclusions�
2�
Communicating�
�
Math Big Ideas
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(�
Reference Frame�
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�
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�
�
�
�
�
�
�
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�
Boundedness�
�
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�
�
�
�
�
�
�
�
�
�
�
Equivalence�
(�
General/Particular�
�
Contradiction�
�
�
�
�
�
�
�
�
�
�
�
Use of Limits�
�
Approximation�
�
Other�
�
�
�
�
�
�
�
�
�
The intent of this problem is to present modeling issues of transformations of functions. The problem requires understanding of horizontal and vertical stretch and their implications on the given description of motion.


1.	The values for which the height is zero can be found by solving the equation	


	�EMBED Equation.3���


	�EMBED Equation.3��� and �EMBED Equation.3���.


	�EMBED Equation.3���


	The maximum height in the example is �EMBED Equation.3���


	The maximum height in question 1 is �EMBED Equation.3���


�


2.	�EMBED Equation.3���


	There is no solution to this equation.





3.	One way to approach the change of height is to compute the symmetry line of the given parabola. Its x value is the average value of the two zeros and therefore : �EMBED Equation.3���


	�EMBED Equation.3���. In order to change this value to be higher or lower as described in the problem one may change the speed, the acceleration , or both of them. If we change the speed then the ball will not hit the ground at the original time. If we change the 	acceleration the ball will not hit at the same time. The conclusion is that both speed and 	acceleration have to be changed by the same constant k. The maximum height will then be 	�EMBED Equation.3���.





	Another way to look at the problem is from the graph transformation point of view: 


	A family of ‘stretched’ parabolas can be created by transforming f(x) into kf(x) which means that the acceleration should be kg and the initial speed �EMBED Equation.3���.


	In terms of the original situation that means that we would have to be on another planet and throw the ball at a different initial speed.


�



4.	It is necessary to keep the maximum height, therefore the initial speed has to be scaled by k and the acceleration by �EMBED Equation.3���


	�EMBED Equation.3���k


	By putting kt instead of t in the expression h(t) the requirements will be satisfied.


	It is also possible to argue that the speed and the acceleration will stay fixed and that the time will be measured in a different time unit.





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


(weight: 3)�
Devise a model for either the situation described in 3


or 


the situation described in 4.�
Devise models which correctly represent the speed, time, symmetry, maximum height and maximum time for both questions 3 and 4.�
�
Transforming/�Manipulating


(weight: 2)�
Provide correct calculations of heights and times and correct graphs in 1.�
Additionally, perform all calculations in 2-4.�
�
Inferring/�Drawing Conclusions


(weight: 3)�
For 3 and 4, conclude only on one aspect, either physical or symbolic.�
For 3 and 4 draw conclusions on both the symbolic and physical aspects.�
�
Communicating


(weight: 2)�
Present answers briefly, without explanation or stated connections.�
Discuss all items using clear language. Explain conclusions in terms of the symbolic behavior. Provide arguments from the graphs.�
�
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