Formulae for Numerical Derivatives

A. BACKWARD DIFFERENCING

1. First order formulae

fi = ;L(fz — fi-1) + O(h)

fo= 2t fie) O

o= i(fz — 3fi1 + 3fia — fig) + O(h)

1

9 = —(fi—4fii +6fio — Afig + fiia) + O(h)
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2. Second order formulae
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ﬁ(i’)fi —4fi1+ fi2) + O(R7)

h12(2fi —5fio1 +4fime — fis) + O(R?)
1
2h3
h14(3fi —14fi 1 +26fio —24fi 3+ 11fi4 —2fi5) + O(hQ)

(5fi — 18fim1 +24fi o — 14f;_5 + 3fi_s) + O(h?)

B. FORWARD DIFFERENCING

1. First order formulae

fi= Ui~ 1)+ O

fi = fjg(fi+2_2fi+1+fi)+0(h)
fi = }33(][“3 — 3fira + 3fiq1 — fi) + O(h)
fi(4) = ;4(]%4 —4fiys +6fira —Afin + fi) + O(h)

2. Second order formulae
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21h(—fi+2 +4fi1—3f;) + O(h?)
h12(_fi+3 +4fii2 — 5fix1 +2f;) + O(R?)
223(—3fi+4 + 14fi45 — 24f;40 + 18 fi41 — 5.fi) + O(h?)

1
ﬁ<_2fi+5 + 11 fiya — 24 fizs + 26 fiyo — 14fipa + 3fi) + O(h?)



C. CENTRAL DIFFERENCING

1. Second order formulae
1
fi = %(fi—&-l — fiz1) + O(R?)

F= Ui =26t i) + O(R)
= 223(]%2 = 2fis1 4+ 2fic1 — fia) + O(R?)

fi(4) = fj‘l(fi—m —Afi1 +6fi —Afi1 + fiia) + O(R?)

2. Fourth order formulae

1

fi = ﬁ(—fﬂz + 8fiy1 = 8fic1 + fie) + O(RY)
= 121]12(—12-” + 1641 — 30f; + 16f;-1 — fi_a) + O(R*)
o= 81h3(_fi+3 +8fipo — 13fi1 +13fii1 — 8fia + fi_s) + O(h%)
o 6]114(_ng 12100 — 39 firs + 56 — 39fi_1 + 12fis — fi_s) + O(hY)



