Name __________________________
Math 128
Lab #09  - Inch the Worm decided to take the week off!
Problem 1:
Let f(x) = ½ x on the interval x= 0 to 3.  Now answer question #1 on the worksheet.
Now, type the command:  with(student):  (notice the colon).  You have now loaded a package of functions that we can use in Maple.
Type, leftbox(f(x),x=0..3,6);  You should notice 6 rectangles “inside” the graph of f(x).  (It may seem like there are only 5 rectangles, but the sixth rectangle is simply the x-axis from 0 to 0.5, where the height of the rectangle is 0.)  These rectangles are called inscribed rectangles.  Each rectangle has the same width.  Let Δx denote the width of each rectangle.  Now answer questions #2 – 4 on the worksheet.
Now, let’s increase the number of rectangles inside up to 10 rectangles.  Type, leftbox(f(x),x=0..3, 10);
Now answer questions #5 – 6 on the worksheet.
We can let Maple find the areas of all the rectangles and sum them up.  Type the command leftsum(f(x), x=0..3, 10);  We can then type evalf(%) to get the decimal approximation.  We can do the whole thing on one line by typing:  evalf(leftsum(f(x),x=0..3, 10));  Check your answer to #4 by using leftsum with 6 rectangles.
Let us investigate where Maple got the summation in from #6 on the worksheet.  To form the 10 rectangles, Maple has divided the interval [0,3] into 10 subintervals each with the same width.  The width of each rectangle is x = 3/10 and the 10 subintervals are:
[0,3/10], [3/10, 6/10], [6/10, 9/10], [9/10, 12/10], [12/10, 15/10], [15/10,18/10], [18,10, 21/10], [21/10,24/10], [24/10,27/10], [27/10,3]. (In the picture, Maple uses decimal equivalences of these points.) When we use the command leftsum, the heights of the rectangles are determined by the value of the function at each left endpoint of the subintervals.  Taking i from 0 to 9, let xdenote the i-th left endpoint.  That is, x= 0, x= 3/10, x= 6/10, …, x= 27/10.  We start with i=0,since that is where Maple begins the sum in 7).  Note that x= (3/10)i.  Thus the height of the i-th rectangle is f(3/10i)=(1/2)(3/10)i. Then the area of the i-th rectangle (again starting with i=0) is f((3/10)i)(3/10) = (1/2)(3/10)(i)(3/10).  Thus, the sum of all the areas of the rectangles is  =  as in number 6).  Since these rectangles are inscribed, this sum is called a lower sum, meaning that the heights of the rectangles are determined by the minimum value of the function on each subinterval.  Since this particular function is increasing, the minimum values occur at the left endpoints of the subintervals.

We can do a similar thing using rightbox and rightsum.  Type rightbox(f(x),x=0..3, 6); and then use rightsum(f(x),x=0..3,6); to compute the area of the 6 rectangles.  Notice in this case, the heights of the rectangles are determined by the right endpoints of each subinterval and therefore the rectangles hang over the graph.  Such rectangles are called circumscribed rectangles.  Now answer questions #7 and 8 on the worksheet.
Since these rectangles are circumscribed, the sum from #8 is called an upper sum, meaning that the heights of the rectangles are determined by the maximum value of the function on the subintervals.  Since this function is increasing, the maximum value of the function on each subinterval occurs at the right endpoint of each subinterval.  (If the function is not monotone on the interval, the maximum and minimum values of the function will not necessarily occur at the left or right endpoints).
Now answer questions #9 – 11 on the worksheet.
Problem 2
Consider the function g(x) =  on the interval x = 0..5.  Plot g(x) on the interval and then complete the charts on the worksheet (where n is the number of rectangles).  You first need to figure out whether to use leftbox and leftsum or rightbox and rightsum – which gives you the lower sum this time?
Problem 3
Estimate the area under the curve h(x) = x2 from x = 0..4.  (You should use leftsum and rightsum more and more to make your final estimate.  Record the decimal approximations you get from using leftsum and rightsum along with how many rectangles you used for each for #1 on the worksheet)
We can calculate the actual area under the curve by finding right and left sums using n rectangles and then taking the limit of these sums as n approaches infinity.  Let us do this for h(x) on the interval 0..4.  Type:  rightsum(h(x),x=0..4,n);
Then take the limit as n approaches infinity by typing:  limit(%, n=infinity);  To ask Maple to give you the actual value of this limit type:  evalf(%);
Answer #2 – 3 on the worksheet.


Name ___________________________
Lab 09 Worksheet
Problem 1
1. What is the area underneath the graph on this interval?
2. Sketch a picture of the graph of f(x) with its 6 rectangles below.




3. What is Δx in this case?  
4. Find the area of each of the six rectangles and sum them up.  Record your answers (in decimals) below.  (There should be 7 answers listed here, the areas of the 6 rectangles and their sum.)
5. What is Δx in this case?  
6. The first rectangle has an area of 0 again.  Compute the area of the second rectangle.
7. Sketch a picture of the graph of f(x) with its 6 rectangles below.



8. What is the decimal approximation of the sum of the six rectangles?
9. Now increase the number of rectangles to 10 using right box and right sum.  What is the decimal approximation for the sum of the areas of 10 rectangles?
10. Find the decimal approximation for the sum of the areas of 100 and 1000 rectangles using:
a.  Leftsum
b. Rightsum
11. As the number of rectangles increases, what happens to Δx?
Problem 2
	n
	Lower sum of areas of rectangles

	10
	

	20
	

	50
	

	00
	

	1000
	


	n
	Upper sum of areas of rectangles

	10
	

	20
	

	50
	

	100
	

	1000
	




Problem 3
1. A.  Estimated area:
B.  Number of rectangles used:
2. What is the decimal approximation for rightsum with n rectangles?
3. Do the same procedure using leftsum and n rectangles and record the decimal approximation to the limit here.
