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Abstract:

The aim of my extended essay is to use the Trapezoid Rule and the Midpoint Riemann
Sum in order to find which is more accurate. I will begin by giving a brief background of
each method and how answers are achieved by using these particular methods. 1 will also
explain how these methods relate to each other. I will then show the mathematical
process that needs to be followed in order to show which method would be more precise.
The first method shows the Trapezoid Rulc and its process in finding the answer for the
definite integral of the function. The second method is the Midpoint Riemann Sum and
the process of finding the answer for finding the approximalte area under the curve for the
function. This will then tell me which answer is more closcly to the exact answer which
was [ound on the calculator. The results of the essay found that the Midpoint Riemann

Sum was more accurate than the Trapezoid Rule in finding the definite integral.



Research Question:
Is using the Trapezoid Rule better than using the Midpoint Riemann Sum in finding the

area under the curve in order to find the total distance?

Background Information:

The Midpoint Rule uses a Riemann sum where the subinterval representatives are the
midpoints of the subintervals (Trapezium Rule). The trapezium rule works by
approximating the region under the graph of the function f{x) by a trapezium and
calculating its area. 'F'he trapezium rule is one of a family of formulas for numerical
integration called Newton-Cotes formulas. The Riemann Sums are another, often more

accurate, member of the same family.

Introduction:

The Trapezoid Rule and the Midpoint Riemann Sum? i.s"_‘;lsed for finding the approximate
area under a definite integrq}_. This question is worthy of studying because there are
many ways of finding the arca under a definite integral and there needs to be evidence of
which one is more accurate than the other that way one knows which answer will be more
precise. In order to learn which one is better, we must understand how the process
works. In a simple activity, the definite integral can be understood. By using a T1-89 and
a motion detector, there is a program that explains the process of a definite integral and
how to find the area under it using the Riemann Sums. After this activity is conducted,
the conclusion that is made is that the more subintervals that arc used, the more accurate

the answer is going to be. After learning the process of definite integrals, | learned



different approaches to find the area. After researching all of these ways, I found the

closest was between the Trapezoid Rule and the Midpoint Riemann Sum.

Body:

In order to find which is most accurate, I will use the graph of one [unction and twenty-
five subintervals. I will then use the process of the Trapezoid Rule and the Midpoint
Riemann Sum and find out which one is more accurate than the other. I will compare the

answers to the exact answer of the definite integral.

Mathematical Processes:
f(x)=1+x"2 on {0, 10}

The graph of this function is shown in Appendix A.

Trapezoid Rule:

b
[ fdbe=(b-a)/2n [f(a) + 26(b1) + 26(b2)....+ f(bn)]

1
_[ fxdx ; use n=25
(]

Width: (10-0)/25=2/5

Intervals (Number Line):

0 2/5 4/5 6/5 8&/5 2 12/5 14/5 16/5 18/5 4 22/5 24/5 26/5 28/5 6 32/5

34/5  36/5 38/5 8 42/5 44/5 46/5 48/5 10

Formula: Area=2/10 [ f{0) + 2f(2/5) + 2(4/5) + 2f(6/5) + 24(8/5) + 2{2) + 2L(12/5) +
21(14/5) + 2£(16/5) + 2(18/5) + 2f(4) + 2f(22/5) + 2f(24/5) + 2£(26/5) + 2f(28/5) + 21(6)
+ 2f(32/5) + 2[(34/5) + 2f(36/5) + 2f(38/5) + 2f(8) + 2f(42/5) + 2£(44/5) + 2{(46/5) +
2(48/5) + f(10})]j

= 343.6
The graph of this function with the twenty-five subintervals is shown in Appendix B.



Now that ] have found the approximate value using the Trapezoid Rule, now I will usc
the Midpoint Riemann Sum to approximate the next value.

Midpoint Riemann Sum:
fixy=1+x"2 [0,10]
Width: (10-0)/25=2/5
Intervals: [0,2/5] [2/5,4/5]{4/5,6/5] [6/5,8/5] [8/5,2] [2,12/5] [12/5,14/5] [14/5,16/5]
[16/5, 18/5] [18/5,4] [4,22/5] [22/5,24/5] [24/5,26/5] [26/5,28/5] [28/5,6] [6,32/5]
[32/5,34/5] [34/5,36/5] [36/5,38/5] [38/5,8] [8.,42/5] [42/5,44/5] [44/5,46/5] [46/5,48/5]
f48/5,101
Formula; Md4= 2/5[f(1/5) + (3/5) + f{1) + £(7/5) + f(9/5) + £{11/5) + {(13/5) + {(15/5) +
f(17/5) + £(19/5) + {21/5) + £(23/5) + (25/5) + f(27/5) + £29/5) + {(31/5) + f(33/5) +
f(35/5) + £(37/5) + f(39/5) + f(41/5) + f(43/5) + f{45/5) + {{47/5) + {(49/5)]

~=343.2
The graph of this function with twenty-five subintervals is shown in Appendix C.
Now using the calculator, I will go under the graph screen, type in the function and the
window from [0,10]. I will then go under F5 Math and go to number the definite integral

sign and type in the lower and upper limit. The exact answer is 343.3 using the

calculator.

Conclusion:

After completing this mathematical process, [ can conclude that by using the calculator,
the exact area of the definite integral came out to be 343.3, and the answer from the
Midpoint Riemann Sum is 343.2 and the answer from the Trapezoid Rule is 343.6.
Therefore, the Midpoint Riemann Sum is closer to the exact answer than the Trapezoid
Rule. From this information, I can infer that the Midpoint Riemann Sum is more

accurate than the Trapezoid Rule.
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