Formulae for Numerical Derivatives
A. BACKWARD DIFFERENCING

1. First order formulae
fi = %(fi — fi-1) + O(h)
i = %(fz —2fic1+ fiea) + O(h)
= Elg(fi —3fic1 +3fi-2 — fi-s) + O(h)
= ;L‘lz(fi —4fi1+6fi-2 — 4fis + fia) + O(h)
2. Second order formulae
J = 5rBfi—4fia + fig) + O
J = g(2fs = 5fi + 4fica = fing) + O(RY
i’ = 2ih3(5fi —18fi_1+ 24f; 2 — 14f; 3+ 3f;_4) + O(H?)
@ _ ;}5(3 fi = 14fi 1+ 26fi 5 — 24fi 5 + 11fi 4 — 2f;i_5) + O(h?)

B. FORWARD DIFFERENCING

1. First order formulae
fi = Ui )+
= %(fiw —2fir1+ fi) + O(h)
£ ,—ng(fi+3 = 8fira +3fia — fi) + O(R)

9 = %(fiﬂ ~4fir3 +6firs — 4fir1 + fi) + O(R)

I

2. Second order formulae
1 .
fi = 5p(faat 4fiua = 3£) + O(h?)
1
i = ﬁ(_fi+3 +4fir2 — 5fia +2fi) + O(h?)
f'I”

1 .
fi(4) = h_4(""2fi+5 + 11fira — 24fi13 + 26 f;00 — 14fiy1 + 3f;) + O(R?)

il

1
%(—3124(4 +14fiys — 24f;00 + 18fi11 — 5f;) + O(h?)



C. CENTRAL DIFFERENCING
1. Second order formulae
1
fi = éﬁ(.fi—}-l — fi1) + O(R?)
1
fi = ﬁg(fiﬂ = 2fi + fis1) + O(h®)

1

i = ﬁ(fwz = 2fi1+2fi1 — fioa) + O(K®)

1
4 = ﬁ(fﬂz —Afi1 +6fi —Afi_y + fia) + O(K?)

2. Fourth order formulae

fi = ﬁ(—fin +8fir1 — 8fic1 + fia) + O(h*)

1
i” = -]Té——h—z(—fi_i_z + 16fi+1 — 30f1, + 16fi—1 - fi—2) + O(h4)
1
i1 = é_i—z_g(_fﬂa +8fira — 13fia +13fi1 — 8fiz + fi3) + O(h?)
1
o = 6h4 (—firs +12fira — 39fixa + 56 — 39fis +12fi5 — fis) + O(RY)



