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1 Integration
1.1 Newton Cotes Formula
1.2 Gaussian Quadrature
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Integration
Integration

Theorem (Fundamental Theorem of Calculus)
Let f(x) be a real‐valued function on a closed interval [a, b] and let F be
a continuous function on [a, b] such that

F′(x) = f(x) on (a, b).

If f(x) is Riemann integrable on [a, b], then
∫ b

a
f(x) dx = F(b)− F(a).
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Figure 1: Riemann sum for a function f(x).
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Trapezoidal Rule
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Take n=2 : such that0-9: n= b

4
,
4k=fofi

221 -70

undpd =o )da
=-d-ad

= (a) [fo +f) = Iba[f(a + f(b]

Error = -(b) (h) for EME (a)



Trapezoidal Rule
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Figure 2: Trapezoidal rule for a function f(x).
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Trapezoidal Rule
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Example : fluic on [0 ,2)

I = (a) [f(a) +f(b)) = = [0+4) = 4 .

= Jedi
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n=2 ; =&= Alb;

44fo-

#s(f)= [fo + 4 + f2] where h=

=(a) [fo+ 4 f +fu)

Example: flutis on 10 ,2]

#s(f) = 2 [f(0) +(1) + f(z)]= [0 +y + 4) = -
fin= u3

= =250 +4 + 87 = 14 Ed = 4

f(x = 24 = z( + 4+ 16]=As
X



Simpson’s Rule
Integration

a m = a+b
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Figure 3: Simpson rule for a function f(x).
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DOP : The DOP ofaradrature formula is largest positive integer N

integration
27 formula is exact for

R
for=0,-

-,-

eg : Trapezoidal = -

Simpson = 3 .

*ton 3 : 0 Mule
,
n= 3:is is in

Bode :Onoran add
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-

-

Gaussian Quadrature computes integration on non-equally spaced points

Here we approximate

fluidi flici)
o

where Eligi : Luis are unknowns

↳ t[a,b] -
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(GQ)

We have In unknowns - Approximates a polynomial of degree 2n-1.

Heno
, n-point GQ gives exact integration for 2n-1 degree polynomial

Example
-

[a , b = E , 1) = 54 ,2,
201

,42], C2F0
,
221 #12

n=2 ; mu
=O; then no same

contribution point

5 in ?
[2

ffinida Cf(vi) +Cf()

This should be exact for degre 3 polynomials; ie
,

I, ,
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Sid = c +2 = 2

I'v da 2·& da =Da+(
= -(2+(i =0

↳FO j)
,

(i=c = (= 1x2

(1+(2; (= -32

#O(?) Why

C=(= 1 :
2: B

fifinduef() +f (+)
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In general to compute Shib
,

Skil , we use endespolynomials . They
are defined over El , 17 and Orthogonal polynomials

SumPnin) =0
- for every polynomial pim of

- I

degree less than or equal to

Md =S -
x= G: A= -

x=b= u= 1

; Abdeb- a

↳midu =(f)+ (a+b) ()dtJGQ
- I
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EigenvalueProblems :

Schrodinger Equation: Time-independent

#A4
Ax=xx

Maximum eigenvalue -> IXmax)
Minimum eigenvale-> TXmin/


