DEFINING THE INTEGRAND f[x], THE LIMITS OF INTEGRATION a AND b,
AND COMPUTING THE EXACT VALUE OF THE INTEGRAL

nis7ol= £[x_] = Sqre[x]
out[570]= V X

ns71= @ = 4

outs71= 4
ns721= b = 9
out572]= 9

ins73)= exactValue = Integrate[f[x], {x, a, b}]

38
out[573}= ——

3

LEFT RIEMANN SUM

in574= numPoints = 10; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+1i*DeltaX];
leftRiemannSum = Sum[f[x[i]] * DeltaX, {i, O, numPoints -1}];
N[leftRiemannSum - exactValue, 8]

outs76)= —0.25173523

5771 numPoints = 100; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+1i%DeltaX];
leftRiemannSum = Sum[f[x[i]], {i, O, numPoints - 1}] * DeltaX;
N[leftRiemannSum - exactValue, 8]

outs79)= —0.025017361

ins16= numPoints = 1000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++; x[i] = a+ 1 %DeltaX];
leftRiemannSum = Sum[f[x[i]], {i, O, numPoints - 1}] % DeltaX;
N[leftRiemannSum - exactValue, 8]

outsigl= —0.0025001736

in5801= numPoints = 10000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++; x[i] = a+i*DeltaX];
leftRiemannSum = Sum[f[x[i]], {i, O, numPoints - 1}] % DeltaX;
N[leftRiemannSum - exactValue, 8]

outsszl= —0.00025000174
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Ins83= numPoints = 100000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++; x[i] = a+ 1 *DeltaX];
leftRiemannSum = Sum[f[x[i]], {i, O, numPoints - 1}] * DeltaX;
N[leftRiemannSum - exactValue, 8]

outsssl= —0.000025000017

RIGHT RIEMANN SUM

inssel= numPoints = 10; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+i=*DeltaX];
leftRiemannSum = Sum[f[x[i+1]], {i, O, numPoints - 1} ] * DeltaX;
N[leftRiemannSum - exactValue, 8]

outsegl= 0.24826477

nss9= numPoints = 100; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+1i*DeltaX];
leftRiemannSum = Sum[f[x[i+1]], {i, O, numPoints - 1}] *» DeltaX;
N[leftRiemannSum - exactValue, 8]

outs911= 0.024982639

In92)= numPoints = 1000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+1i*DeltaX];
leftRiemannSum = Sum[f[x[i+1]], {i, O, numPoints - 1}] * DeltaX;
N[leftRiemannSum - exactValue, 8]

outs94= 0.0024998264

In595= numPoints = 10000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+ 1 %DeltaX];
leftRiemannSum = Sum[f[x[i+1]], {i, O, numPoints - 1}] * DeltaX;
N[leftRiemannSum - exactValue, 8]

outise7)= 0.00024999826

ins98)= numPoints = 100000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+1i*DeltaX];
leftRiemannSum = Sum[f[x[i+1]], {i, O, numPoints - 1}] » DeltaX;
N[leftRiemannSum - exactValue, 8]

outieoo)= 0.000024999983

MIDPOINT RULE



illustration-aproximate-integration-methods.nb | 3

neo1= numPoints = 10; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+1i*DeltaX];
midpointRule = Sum[f[ (x[i] +x[1i+1]) /2] *DeltaX, {i, 0, numPoints -1}];
N[midpointRule - exactValue, 8]

outosl= 0.00086728577

neo4)= numPoints = 100; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+1i*DeltaX];
midpointRule = Sum[f[(x[i] +x[i+1]) /2] *DeltaX, {i, O, numPoints -1}];
N[midpointRule - exactValue, 8]

Ouleo6l- 8.6804783 x 107°

ineo7;= numPoints = 1000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+1*DeltaX];
midpointRule = Sum[f[ (x[i] +x[1+1]) /2] *DeltaX, {i, 0, numPoints -1}];
N[midpointRule - exactValue, 8]

Ouife09)- 8.6805548 x 1078

ine10;= numPoints = 10000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+1i*DeltaX];
midpointRule = Sum[f[ (x[i] +x[1+1]) /2] *DeltaX, {i, O, numPoints -1}];
N[midpointRule - exactValue, 8]

outs12- 8.6805555 x 10710

nei3= numPoints = 100000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+1i*DeltaX];
midpointRule = Sum[f[ (x[i] +x[1i+1]) /2] *DeltaX, {i, 0, numPoints -1}];
N[midpointRule - exactValue, 8]

ouis15- 8.6805556 x 10712

TRAPEZOIDAL RULE

ne16:= numPoints = 10; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+1i*DeltaX]; midpointRule =
(£[x[0]] +2*»Sum[f[x[i]], {i, 1, numPoints - 1}] + f[x[numPoints]]) » DeltaX/ 2;
N[midpointRule - exactValue, 8]

outeigl= —0.0017352310

ine19:= numPoints = 100; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+1i*DeltaX]; midpointRule =
(£[x[0]] +2*Sum[f[x[i]], {i, 1, numPoints -1}] + £f[x[numPoints]]) * DeltaX/ 2;
N[midpointRule - exactValue, 8]

oute21l= —0.000017361023
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ne22)= numPoints = 1000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+1i*DeltaX]; midpointRule =
(£[x[0]] +2*Sum[f[x[i]], {i, 1, numPoints -1}] + £f[x[numPoints]]) * DeltaX/ 2;
N[midpointRule - exactValue, 8]

oue24= —1.7361110 x 107

ne25= numPoints = 10000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+1i*DeltaX]; midpointRule =
(£[x[0]] +2*Sum[f[x[i]], {i, 1, numPoints - 1}] + f[x[numPoints]]) » DeltaX/ 2;
N[midpointRule - exactValue, 8]

ouee7= —1.7361111x107°

ine2sl= numPoints = 100000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] =a+1*DeltaX]; midpointRule =
(£[x[0]] +2*Sum[f[x[i]], {i, 1, numPoints -1}] + £f[x[numPoints]]) * DeltaX/ 2;
N[midpointRule - exactValue, 8]

oueso= —1.7361111 x 10711

SIMPSON' S RULE

ne31= numPoints = 10; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+ i %DeltaX];
simpsonRule = (£[x[0]] +2 *Sum[f[x[2*1i]], {i, 1, numPoints /2-1}] +
4+Sum[f[x[2%1i+1]], {i, O, numPoints /2 -1}] + f[x[numPoints]]) *
DeltaX/3; N[simpsonRule - exactValue, 8]

oueaz= —3.4711579 x 107

in634:- numPoints = 100; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+i=*DeltaX];
simpsonRule = (£[x[0]] +2*Sum[f[x[2%1i]], {i, 1, numPoints /2-1}] +
4%Sum[f[x[2%1i+1]], {i, O, numPoints /2-1}] + f[x[numPoints]]) *
DeltaX/ 3; N[simpsonRule - exactValue, 8]

oue36l- —3.5325289 x 10710

Ine37;= numPoints = 1000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+1i*DeltaX];
simpsonRule = (f[x[0]] +2*»Sum[f[x[2%i]], {i, 1, numPoints/2-1}] +
4+Sum[f[x[2%1i+1]], {i, O, numPoints /2 -1}] + f[x[numPoints]]) *
DeltaX/ 3; N[simpsonRule - exactValue, 8]

oute39)= —3.5331672 x 10714
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ine40)= numPoints = 10000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i < numPoints, i++, x[i] = a+1i*DeltaX];
simpsonRule = (£[x[0]] +2 *Sum[f[x[2*1i]], {i, 1, numPoints /2-1}] +
4xSum[f[x[2*1+1]], {i, O, numPoints /2 -1}] + f[x[numPoints]]) *
DeltaX/ 3; N[simpsonRule - exactValue, 8]

oue42= —3.5331736 x 10718

643 numPoints = 100000; DeltaX = (b-a) / numPoints;
Array[x, numPoints + 1, 0];
For[i = 0, i £ numPoints, i++, x[i] = a+ 1 %DeltaX];
simpsonRule = (£[x[0]] +2*xSum[f[x[2%1i]], {i, 1, numPoints /2-1}] +
4%Sum[f[x[2+1i+1]], {i, O, numPoints /2-1}] + f[x[numPoints]]) *
DeltaX/3; N[simpsonRule - exactValue, 8]

oue45- —3.5331737 x 10722



