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To explore Riemann Sums, we’ll be using Geometer’s Sketchpad.  To begin this activity, load Geometer’s Sketchpad version 4.  From the /C drive, load the file “riemann” which is found in the Calculus folder.  There are several explorations and each, with their directions, is given below.  


I.  After getting in to Geometer’s Sketchpad, open the file called “riemann”.  In its initial setting, you should see one giant circumscribed rectangle (n = 1) approximating the area between the curve 

y = -0.61x4+-1.14 x3 +1.75x2 +2.71x+2.46
 and the x-axis from 
x0 = A = 0.000 to xn = B = 2.500.  
Before proceeding, make sure that your equation and limits of integration are correct.  The actual area is the solution to the integral.  Record it below.  On the screen you will also be able to see the area of the rectangle(s) estimates, n  (the number of subintervals), and 2.5/n (the subinterval width).  Click on Left Rectangles and record what you see on the table in the table below. Click on Left Rectangles again to unselect it.  Then do the same for each of the other Reimann sums – right rectangles, midpoint rectangles and trapezoids, recording it in the table below.

Actual Area = __________

	Number of Subintervals

n
	Width of each subinterval
	Area Approximation
	Method with least Error .  Write Left, Right, Midpoint or Trapezoid

	
	
	Left Rectangles
	Right Rectangles
	Midpoint Rectangles
	Trapezoids
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


1. Continue changing n until you have explored the partitions from 1 to 6.  You should see the Riemann sum become closer and closer to the desired area and the error decrease. Record these values in the table above.
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2. Did you notice the                             button and the                            button?  Try them.  What do you see?  How does this affect the area approximations?
3. Best estimate (area) ?  _______ Best estimate given by (Circle one)  Left   Right   Mdpt.   Trap

4. Do you think you might change your mind if you tried more rectangles?  Before you answer, try 

   N = 100 …. Best estimate (area) = ____________________ Circle one:  Left
  Right   Mdpt.   Trap.

N = 200…. Best estimate (area) = ____________________  Circle one:  Left
  Right   Mdpt.   Trap.

N = 300…. Best estimate (area) = ____________________  Circle one:  Left
  Right   Mdpt.   Trap.

What did you find out?

5. Will any of these approximations be always equal to the upper sum approximation or the lower sum approximation?

6. Draw an increasing function.  Make a generalization about upper and lower approximations.

7. Draw a decreasing function.  Make a generalization about upper and lower approximations.

II.  Let’s try something more versatile.  The  a, b, c, and d sliders can be used to generate any polynomial up to a quartic.

1. Change the interval under consideration by sliding X0 and Xn along the x-axis (watch the lower left information box when selecting so as not to grab other points which are concurrent with Xn.

Set your sliders to the function below.  Leave n set to six subintervals (partitions).  Choose sums generated by left endpoints, right endpoints, midpoints, or trapezoids by double clicking the appropriate button in the upper left of the sketch.  You may overlay more than one choice or see one at a time by double clicking “Hide” for the others.  Fill out the box below for six subintervals:

Function:  f(x) = 2.00x4 + - 5.00x3 +1.00x2 + 1.75x + 2.00 
Set a new interval:  Drag (Capital A on the graph) A (x0) to –1.002 and leave B (x6) at 2.500  - this is as close as we can get to the interval  [-1, 2.5] Use [-1,2.5] for (x calculations.

	X0
	Xn
	n
	(x
	Left

Endpoint Approx.
	Right Endpoint Approx.
	Midpoint Endpoint

Approx.
	Trapezoid Endpoint

Approximation
	Actual

Area

	
	
	6
	
	
	
	
	
	


1. Best estimate given by (Circle one) 
 Left   Right   Mdpt.   Trap

2. Make a guess:  What method will get you the exact area first? __________________

3. Try :  n = 10 …. Best estimate (area) = ____________ Circle one:  Left   Right   Mdpt.   Trap.


Try:   n = 20 …. Best estimate (area) = ____________ Circle one:  Left   Right   Mdpt.   Trap.

Find n when you first get the EXACT area:  n = ______    (Hint:  it’s less than 300!)

Which method got there first? Circle one:  Left    Right   Mdpt.   Trap.

Are you surprised?  Why or why not?
III.  Change the interval under consideration by sliding X0  to –1.002 (as close as you can get)  and Xn to 0.000 (as close as you can get) along the x-axis (watch the lower left information box when selecting so as not to grab other points which are concurrent with Xn.  Use [-1,0 ] for (x calculations.
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	X0
	X5
	n
	(x
	Left

Endpoint Approx.
	Right Endpoint Approx.
	Midpoint Endpoint

Approx.
	Trapezoid Endpoint

Approximation
	Actual

Area

	
	
	10
	
	
	
	
	
	


1. Best estimate given by (Circle one) 
 Left   Right   Mdpt.   Trap

2. When n = ____ (smallest value) the actual area was achieved by the (Circle one) 
 


Left   Right   Midpoint  Trapezoid     sum.

3. The first n that reaches the actual area in all the Riemann sums occurs at n = _____ and the last one to reach that goal was the  (circle one)  Left   Right   Midpoint  Trapezoid     sum.

IV. A)  Change your function by using the sliders to graph a new function 

B)  Change n to set the desired number of subintervals from 1 to 6.  

C)  The exact value of the integral is expressed as an interval.  Complete the interval and write the actual area in the interval below.  Finish filling out the table below.

Function:_f(x) = 2.00 x4 – 3.00 x3  – 1.00 x2 +2.50 x + 0.00

X0 = –1.001  

Xn = 1.001   

Actual area:   = 

Fill out the table on the next page…
	n
	(x
	Left

Endpoint Approx.
	Right Endpoint Approx.
	Midpoint Endpoint

Approx.
	Trapezoid Endpoint

Approximation
	Best estimate given by ____ method?  (write LEFT, RIGHT, MID, or TRAP)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


2. Best estimate given by (Circle one) 
 Left   Right   Mdpt.   Trap
3. Will it continue to give you the best estimate?  Give a specific example to support your answer.
V.  Change your function by looking in the bottom left corner of geometer’s sketchpad and instead of poly, choose ln.  Fill in the blanks below.  Change n to set the desired number of subintervals from 1 to 6.  Make sure that your interval is properly set ….check the interval needed on the integral to make sure!  The exact value of the integral is expressed as an interval.  Complete the interval and write the actual area in the interval below.  Finish filling out the table below.

[image: image2.emf]f(x) = 2.00 ln [1.00(x- 0.00)] + 0.00


X0 = ________________  Xn = _____________   Actual area: ______

	n
	(x
	Left

Endpoint Approx.
	Right Endpoint Approx.
	Midpoint Endpoint

Approx.
	Trapezoid Endpoint

Approximation
	Best estimate given by ____ method?  (write LEFT, RIGHT, MID, or TRAP)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


1. Best estimate given by (Circle one) 
 Left   Right   Mdpt.   Trap

2. Will it continue to give you the best estimate?  Give a specific example to support your answer.

VI. A)  Change your function by looking in the bottom left corner of geometer’s sketchpad and 

      instead of ln or poly, choose sin.  Fill in the blanks below.

B)  Change n to set the desired number of subintervals from 1 to 6.  

C)  The exact value of the integral is expressed as an interval.  Complete the interval and write the actual area in the interval below.  Finish filling out the table below.
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X0 = ________________  Xn = _____________   Actual area:                                                         ______ 
	n
	(x
	Left

Endpoint Approx.
	Right Endpoint Approx.
	Midpoint Endpoint

Approx.
	Trapezoid Endpoint

Approximation
	Best estimate given by ____ method?  (write LEFT, RIGHT, MID, or TRAP)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


1. Best estimate given by (Circle one) 
 Left   Right   Mdpt.   Trap

2. Will it continue to give you the best estimate?  Give a specific example to support your answer.

VII.  Write a paragraph to answer each of these…(if you need more room, attach another sheet).
a)  From the information you have collected and things that you did with Riemann sums, write some things that you now know about the area under a curve.  Make sure to address all the different things that you found and give examples.  
b)  What ways do you have to compute approximations of areas under curves?  Is one way better than others?  Why or why not?

n+10 nonstop





n+1 nonstop














