Math 111

Worksheet for Section 2.1

Introduction to the velocity problem

If we ignore air resistance, then a body in free-fall near the Earth’s surface obeys the equation
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where s is the distance (in meters) that the object has fallen after t seconds.

A basketball is dropped from the top of a building which is 300 meters tall.  To understand the position (height above the ground) and the instantaneous velocity of the basketball at time t, we combine numerical data with graphs, algebra, and limits.  Work through the following problems with a partner.

1.  Complete the following chart, showing the height of the basketball above the ground at various times.

	t (elapsed time)
	f(t) (altitude)

	0
	

	1
	

	2
	

	3
	

	4
	

	5
	

	t
	


2.  Make a table for f on your calculator, starting from time 0 with an increment of 1.  Use the values you see in the table to set a reasonable viewing window for graphing f.  Try to get a clear view which shows both the x- and the y-intercept.

3.  What is the y-intercept in this problem?  ______  

What does the y-intercept tell you about the basketball?

4.  What is the x-intercept in this problem? ______ (Hint:  try algebra, or graph > calc > zero, to find the x-intercept.  Since time “starts” at zero in this problem, don’t even consider any x’s which are negative.)  

What does the x-intercept tell you about the basketball?

5.  Adjust the viewing rectangle on your graph, if necessary, to show these intercepts clearly.  Set Xmin and Ymin to 0 to ignore extraneous parts of the graph.

6.  Find the average velocity of the basketball over the following time periods (complete the chart).  BE CAREFUL ABOUT ROUNDING YOUR NUMBERS IN THE MIDDLE OF A CALCULATION.  Recall, average velocity is found by dividing the change in altitude (which is negative since the basketball is falling) by the change in time (duration of the time interval):
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	time interval [t1, t2]
	height1
	height2
	average velocity (m / sec)

	[4, 7]
	
	
	

	[4, 5]
	
	
	

	[4, 4.1]
	
	
	

	[4, 4.01]
	
	
	

	[4, 4.001]
	
	
	


7.  Based on the numbers in your chart above, guess the instantaneous velocity of the basketball at time 4.

8.  To find the exact instantaneous velocity of the basketball when t = 4, we first find and simplify the expression for the average velocity over the time interval [4, 4 + h].  I’ve set up the algebra for you below:
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Once you’ve simplified as far as possible, find the limit as h shrinks to zero (so, the time interval is just the “instant,” t = 4).  This is the instantaneous velocity at time 4:  ____________  (compare with #7 answer).
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