Math Methods, Spring 2010 Dr. Pogo
Approximations using Taylor Series

Problem: We want a forward difference expression for the first derivative that is accurate to & ().

Starting Point: f(x+h) = f(x)+hf’(x)+%f”(x)+%f”’(x)+%fiv(x)+... [1]
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Similarly, f(x+2h) = f(x)+2hf (x)+Tf (x)+Tf (x)+wa(x)+... [2]
. s, £/ :f(x+h)—f(x)_ﬁ ” _h_z ”m _h_3 iv
Solving [1] for f*: f'(x) P 2f (x) 5 f(x) 24f (x)+... [3]

Algebraically performing EQ [2] — 2 x EQ[1] results in:
F(x+2h)=2f(x+h)=
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This simplifies to:

fa2m=2f thy=[=f@]+[0]+ [0 [+ [0 (h) |==F 0+ k£ 00+ 00

f(x+2h)=2f(x+h)+ f(x)
h2

Rearranging results in: f~(x) = +O(h") [4]

Next, we substitute our EQ[4] into EQ[3]:
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Expanding and distributing:
fx+h)— f(X)+[—f(X+2h)+ f(X+h)—2f(X)}
f(x)= +O(h*) +O(h*)
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One more rearrangement:

—f(x+2h)+4f(x+h)-3f(x)
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Rewriting with subscript notation: =
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