NUMERICAL FORMULAE

Iteration
Newton Raphson method for refining an approximate root zo of f(z) =0

Tnt1 = Tp — f/<.’17 )
n

Particular case to find VN use Tpt1 = % (xn + %)
Secant Method

flan) = f (l'n—l))

Ty — Tp—1

s =0 = Sl

Interpolation

Afn = fn+1 - fn , 5fn = fn-l,-E - fn—%
Vi == o wfa=g (fury +fuy)

Gregory Newton Formula

fo = fo+pAfo+ wAQﬁJ + .t <f)Arf0

r — X

h

where p =

Lagrange’s Formula for n points

y= uili(z)
i=1

where

H?:l,j;éi(x — ;)

li(x) =
(@) H?:l,j;éi(mi )




Numerical differentiation
Derivatives at a tabular point
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Numerical Integration

N>

zo+h
Trapezium Rule / flx)dx ~ - (fo+ f1) + E

o

h3
where fi = f(xo +ih), E= —Ef"(a)7 ro<a<zo+h

Composite Trapezium Rule

4
h " "

zo+nh h h?
/mo f(z)dr ~ 5 {fo+2fi+2fo+..2fn 1+ fu} — E(frll — fo) + ﬁo(fn — fo')--

where f§ = f/(z0), fl, = f'(xo + nh), etc

zro+2h
Simpson’s Rule / flx)dx ~

0

w| =

h5
where E = —%f(‘l) (a) o < a < zo+ 2h.

Composite Simpson’s Rule (n even)

xo+nh
/ f(z)dx ~ g(fo +4fr +2fo+4fs+2f4+ ..+ 2fn—o+4fu1+ fu) + E

Zo

nh5 (4)
where E:—@f (a). xo<a<zo+nh

(fot+dfi+fo) +E



Gauss order 1. (Midpoint)

/_1 f(x)dz =2f(0)+ F

where Ez%f”(a). -l<ax<l1
Gauss order 2.
/1 flz)dz = f <—1> f (1) + FE
1 V3 V3
here E*if'”() —l<ax<l1
wher = 13z a). a

Differential Equations
To solve ¢y = f(x,y) given initial condition yg at xg,z, = xo + nh.
Euler’s forward method

Ynt1 = Yn + A f (Tn, Yn) n=0,1,2,..
Euler’s backward method
Yn+1 :yn+hf(xn+17yn+1) 77/:0,172,...

Heun’s method (Runge Kutta order 2)

h
Yn+l = Yn + §(f(:cn,yn) + f(@n + hyn +hf(Tn,yn)))-

Runge Kutta order 4.

h
Yntl = Yn + 6<K1 +2K5 4+ 2K5 + Ky)

where
K1 = f(zn,yn)
Ky, = f<xn+g,yn+hQK1)
Ky = f (xn + g,yn + h2K2>
Ky = f(xn+h,yn +hK3)



Chebyshev Polynomials

T, (z) = cos [n(cos™ ' z)]

T)(x)  sin[n(cos™' )]

n V1— 22
Tn(Th(z)) = Tmn(z).
Thr1(z) = 22T,(x) — Th_1(x)
Unii(x) = 22U,(x) — Up—1(x)
/Tn(w)dx = % {TZ++1 f) — T;;—ﬂf)} + constant,
f(l‘) = %aoTo(SC) —+ CL1T1($)...CLjTj(JC) =+ ...
where a; = 2 /7T f(cos @) cos j0d6
T Jo

and [ f(z)dx = constant +A1T (z) + Ao To(x) + ... A;T;(z) + ...

where A; = (a;-1 —aj11)/2j J=1

n>2



