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Introduction
Trapezoidal Rule
Simpson’s Rule

a) 1/3 Simpson’s rule
b) 3/8 Simpson’s rule

Gauss Quadrature

a) 2 points
b) 3 points



6.1 Introduction

Aim: To solve ff(x) using numerical approach.
(useful for complicated function).

Trapezoidal Simpson’s Rule Gauss
Rule S O\ Quadrature
T
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6.2 Trapezoidal Rule

- This method use linear polynomial interpolation, Pl (x) to
integrate a function f (x)

- By Newton'’s forward-difference;

.X—XO

P (x) = fo +rAfy where r =



Therefore:

b=)c1 X1 1
[ fdx= [p(x)dx = [(fo +rAfy)(hdr)
a=x0 xO 0
_ 1
r2 |
=h 7”f0+7Afo =h(fo+§Afo)
0

=h-fo +%(f1 —fo)] =h(%fo +%f1)
=§(fo +f1)

= g[ fla)+ (o )] (Area of Trapezium ABCD)

Hence:

?f(X)dx~§[f(a)+f(b)] . h=b-a

a

If [a,b] is wide, then divide into n uniform sub-intervals.

And we have the general form of composite Trapezoidal Rule:

b-a
n

ff(xwzg[(ﬁ)+ﬁ)+2(ﬁ+ﬁ+...+ )], h=

a




Example:

Use the composite Trapezoidal rule with the indicated values of n
to approximate the following integrals. Do the calculation in 4
decimal places.

2
a)fxlnxdx , n=4
1

2
b)f 22 dc , n=6
0o X + 4




1
6.3 a) g Simpson’s Rule

This method use quadratic interpolation Pz(x) (parabolic) to
integrate f(x).

By Newton’s fwd difference:

pa()= fo+rafy+ Vg -=—=0
b=x, X, 2 ( 1)
r\r —
J 1 (x)ax ~fp2 {(fo +rAfy + o A2fo)(hd’”)
' 2 3002 2
y rfo+gAfo+;[g-g]A2foL
- h_2f0 + 20/, +%(§)A2f0]
= h(2f0 +2(f; -fo)+§(f2 -2/ +f0))
= g[fo +4fi+ /3]
Therefore, 1/3 Simpson’s Rule is:
[r@ke=Trlabrarlarnhe s} n="2



If [a,b] is wide, then divide the interval into n sub-intervals. n must
be even (i.e n = 2m).

And we have the general form of 1/3 composite Simpson’s rule:

b
[ =21y + i)+ 40+ f3 4t fu)+ 202 4 fabot fyon)]
where &= b-a
n
Table:
i X f(xi)
! f(a)and f(b) f(i =0dd) f(i =even)
0
1
N
h=Xp - ”=b;a
Formula:
h n-1 n-2
[of@dc=Z| o+ fy+ 4 3hi+2 3,
igéd ile=v2en




Example 1:

Given:
X 1.8 2.0 2.2 2.4 2.6
f(x) 3.1201 4.4257 6.0424 8.0301 | 10.4668
2.6

Approximate ff(x) dx using Simpson’s Rule.

Example 2:

1.8

Use the Simpson’s Rule with h = 0.25 to approximate fex dx.
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6.3 b) g Simpson’s Rule

This method use cubic interpolation P:«; (x) to integrate f(x)

Solve the case when 7 = no. in factor 3 (i.e 3,6,9,12,18,..)

Table:
i X. f(xi)
" | Sfla)and f(b) | fli=triple) | f(i=1triple)
0
1
N
h=Xp, - X ”=b;a

3

General formula for g Simpson’s Rule is:

fbf(x)dxzéh (Jo+ S +3Nh+fatSatSs+F oot o))
@ 8 +2(f3+ S+ + fno3)



Example 1:

JU
Compute the area of cosine curve from 0 to — using Simpson’s

JU
Rule. Take /i = —. Then, find the absolute error.



6.4 Gauss Quadrature

a) 2 points Gauss quadrature

Formula:

\

b ! N _L
[ de=[ ey drmg ;

VI,

b) 3 points Gauss quadrature

Formula:

where

‘= (b—a)t+(b+a)
C 2




Example:

3 x3
1. Approximatef 1 dx using
1 1+x

a) 2-points Gauss Quadrature
b) 3- points Gauss Quadrature

2 X -
e Sinx
2. Evaluate f 5
1 1 + X

dx using

a) 2-points Gauss Quadrature
b) 3- points Gauss Quadrature



