Walled-up Parabolas	HE010 scoring rubric
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First let us establish some results for the ball when the walls are very far apart. Assuming the initial height of the ball before it is thrown is 0 then we have following expression for the horizontal and vertical distances traveled by the ball as functions of time.





		�EMBED Equation.3���





We can obtain the shape of the ball's trajectory by eliminating the variable t from these two expressions. We obtain





		�EMBED Equation.3���





The maximum range of the ball can be found by finding those values of x for which the value of 


y = 0. These are 





		�EMBED Equation.3���





The maximum height attained by the ball is 





		�EMBED Equation.3���





which occurs at a horizontal distance of 





		�EMBED Equation.3���





from the starting point and at a time of 





		�EMBED Equation.3���.





At its maximum height the horizontal velocity of the ball is 





		�EMBED Equation.3���





and the vertical velocity is 0. 





If at this point the ball encounters a wall then the horizontal velocity is reversed while the vertical velocity remains 0. We now have a situation which is equivalent to a ball being thrown horizontally from an initial position of 





		�EMBED Equation.3���


		�EMBED Equation.3���





with an initial velocity of 





		�EMBED Equation.3���.





After the bounce the ball's horizontal and vertical positions are given by 





		�EMBED Equation.3���





Where is the ball at a time





		�EMBED Equation.3���





after the bounce? Substituting this time into the expressions for the horizontal and vertical positions we obtain





		x = 0, 	y = 0





which are the coordinates of the starting point of the ball. In this case, after the bounce the ball simply retraces its path and travels back to the starting point.





If the wall are placed at �EMBED Equation.3��� then the trajectory looks like this.





�








If the walls are placed at �EMBED Equation.3��� then the ball will bounce off the right wall, continue climbing until it reaches its maximum height at the left wall, and then retrace its path all the way back to its starting point.


�
Things to consider in scoring the Walled-up Parabolas project 





For all student work, pay particular attention to:


Whether the student is able to express the horizontal and vertical distances traveled by the ball as functions of time.


Whether the student can obtain the shape of the ball’s trajectory.


Whether the student can express the maximum height attained by the ball.


Whether the student articulates the difference between horizontal and vertical velocity.





Some students will be able to explore the activity of the ball after it bounces.


A few students will be able to generalize the ball’s trajectory when the walls are placed at �EMBED Equation.3���, when n is both even and odd. 
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