Numerical Differentiation

Type Difference Formula

Truncation Term

Forward " Ti = _%f”(m)
Backward f’(xl) = f(xZ)_f{(xz_ﬁ + 7 Ti = %fﬂ(ni)

Centered f/(ajl) = f@ip)—f(@i1) + 7

2
7= =" ()

—f(wipo)+4f(wir1) =3/ (z;)

One-sided | f'(z;) = 5N TT | Ti = %Qf”’(m)

p 3f(w;)—4f(w;— i— 2 e
One-sided | f'(x;) = [zi) f(:;h ) @icg) + 7 Ti = %f (1)
Centered f/,(xi) _ f($i+1)_2f}§;3i)+f(xil) 4+ T = _llz_;f////(m)

Table 1: Numerical Differentiation Formulas. The points x1, x9, 3, ...
equally spaced with stepsize h = x;.1 — x;. The point 7; is located some-
where between the left- and rightmost points used in the formula.

are



IVP Solvers

Methods for solving the differential equation

a2y (t) =f(t,y)

Method Difference Formula Tj Properties
Euler Yi+1 =Y; + ]{:fj O(k) Explicit;
Conditionally
A-stable
Backward Vi1 =Yy; +kfiq O(k) Implicit;
Euler A-stable
i = v. L E(f , 2 -
Trapezoidal | y;11 =Yy, + 2(fj + fj+1) O(k ) Implicit;
A-stable
Heun Yit1=Y; + %(kl + k2) O(k‘Q) Explicit;
(RK2) where Conditionally
k, = kf; A-stable
ky = kf(tj11,y; + ki)
Classical yj—l-l = YJ + %(kl + 21(2 + 2k3 + k4) O(k4) EXpliCit;
Runge—- where Conditionally
Kutta k; = kf; A-stable
(RK4)

kg = k?f(tj + %, Yy + %kl)
ky = k(1) + 5,55 + sko)
k4 = ]{f(tj_H, Yy + kg)

Table 2: Finite Difference Methods for Solving an IVP. The points t1, t9, t3, ...

are equally spaced with stepsize k = t;11 —t;. Also, f; = f(¢;,y;).




Numerical Integration

Rule Integration Formula

Right Box fxiﬂ f(z)dx = hf(xis1) + O(hQ)

Ty

Left Box | ["* f(z)dz = hf(z;) + O(h?)

Ty

Midpoint | [ f(x)dx = 2hf(2;) + 1 ()

Trapezoidal f;”l f(x)d:z: = % (f(xz) + f(xﬂ—l)) - ;L_;f//(ni)

Simpson | [ f(x)dz = & (f(xip1) + 4f (2:) + flair) — 550" (n:)

Table 3: Numerical Integration Formulas. The points x1,x9,x3, ...

are

equally spaced with stepsize h = x;.1 — x;. The point 7; is located some-

where within the interval of integration.




