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Fourier Transform

f(x) = 1Ô
2fi

⁄ Œ

≠Œ
f̂(Ê)eiÊx dÊ f̂(Ê) = 1Ô

2fi

⁄ Œ

≠Œ
f(x)e≠iÊx dx

f ú g(x)
Ô

2fif̂(Ê)ĝ(Ê)
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fi
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f(x) = 1 for |x| < a, 0 otherwise
Û

2
fi

sin Êa

Ê

Laplace Transform

f(t) F (s) =
⁄ Œ

0
e≠stf(t) dt

f Õ(t) sF (s) ≠ f(0)
tf(t) ≠F Õ(s)

eatf(t) F (s ≠ a)
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s2 + Ê2

sin(Êt) Ê
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tn n!
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eat 1
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f(t ≠ a)u(t ≠ a) e≠saF (s)
”(t ≠ a) e≠as

f ú g(t) F (s)G(s)
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Numerics
• Newton’s method: xk+1 = xk ≠ f(xk)

f Õ(xk) .

• Newton’s method for system of equations: x̨k+1 = x̨k ≠ JF (x̨k)≠1F (x̨k),
with JF = (ˆjfi).

• Lagrange interpolation: pn(x) = qn
k=0

lk(x)
lk(xk)fk, with lk(x) = r

j ”=k(x ≠ xj).

• Interpolation error: ‘n(x) = rn
k=0(x ≠ xk)f (n+1)(t)

(n+1)! .

• Chebyshev points: xk = cos
1

2k+1
2n+2fi

2
, 0 Æ k Æ n.

• Newton’s divided di�erence: f(x) ¥ f0 + (x ≠ x0)f [x0, x1]+
(x≠x0)(x≠x1)f [x0, x1, x2]+ · · ·+(x≠x0)(x≠x1) · · · (x≠xn≠1)f [x0, . . . , xn],
with f [x0, . . . , xk] = f [x1,...xk]≠f [x0,...,xk≠1]

xk≠x0
.

• Trapezoid rule: s b
a f(x) dx ¥ h

Ë
1
2f(a) + f1 + f2 + · · · + fn≠1 + 1

2f(b)
È
.

Error of the trapezoid rule: |‘| Æ b≠a
12 h2 maxxœ[a,b] |f ÕÕ(x)|.

• Simpson rule: s b
a f(x) dx ¥ h

3 [f0 + 4f1 + 2f2 + 4f3 + · · · + 2fn≠2 + 4fn≠1 + fn].
Error of the Simpson rule: |‘| Æ b≠a

180 h4 maxxœ[a,b] |f (4)(x)|.

• Gauss-Seidel iteration: x(m+1) = b ≠ Lx(m+1) ≠ Ux(m), with A = I+L+U.

• Jacobi iteration: x(m+1) = b + (I ≠ A)x(m).

• Euler method: yn+1 = yn + hf(xn, yn).

• Improved Euler method: yn+1 = yn + 1
2h[f(xn, yn) + f(xn + h, yú

n+1)], where
yú

n+1 = yn + hf(xn, yn).

• Classical Runge-Kutta method: k1 = hf(xn, yn),
k2 = hf(xn + h/2, yn + k1/2), k3 = hf(xn + h/2, yn + k2/2),
k4 = hf(xn + h, yn + k3), yn+1 = yn + 1

6k1 + 1
3k2 + 1

3k3 + 1
6k4.

• Backward Euler method: yn+1 = yn + hf(xn+1, yn+1).

• Finite di�erences: ˆu
ˆx(x, y) ¥ u(x+h,y)≠u(x≠h,y)

2h , ˆ2u
ˆx2 (x, y) ¥ u(x+h,y)≠2u(x,y)+u(x≠h,y)

h2 .

• Crank-Nicolson method for the heat equation: r = k
h2 ,

(2 + 2r)ui,j+1 ≠ r(ui+1,j+1 + ui≠1,j+1) = (2 ≠ 2r)uij + r(ui+1,j + ui≠1,j).


