Derivation of Tavlor Series Expansion

Objective:

Given f(x), we want a power series expansion of this function with respect to a chosen
point x,,, as follows:

f(x):ao +a1(x_x0)+a2(x_x0)2 +a3(_x—_x0)3 + ... (1)
( Find the values of a,, ay, ... such that the equation holds)

Method:

General idea: process both sides of the equation and choose values of x so that only one
unknown appears each time.

To obtain ag: Set x = x,, in equation (1):
f(xo ) =4
To obtain a;: First take the derivative of equation (1)
d];(x):al+2a2(x—x0)+3a3(x—x0)2+--- 2)
X

Next, setx =x,, .

#
dx X=X,
To obtain a;: First take the derivative of equation (2)
2
d f2(x) = 2ap +(3-2)az(x—x, )+ (4-3)ag (x—x,)* +-- 3)
dx
Next, setx = x,,,
2
d fz(x) 24,

dx

X=X,



To generalize:

Summary:

The Taylor series expansion of f(x) with respect to X, 1s given by:
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Generalization to multivariable function:
f(x,y,Z)=aooo +0100(x—xo)+ao1o(y—yo)+0001(1—10)

+azoo(x—xo)2 + allO(x_xo Ny - yo)+0101(x—xo )(Z—Zo)

+agoo(y = o) +agn(y=vo Nz —2,)

+appr (Z—Zo )2

+"'+aaﬁ}/(x_x0)a(y_yo)ﬂ(z_zo)y’i'"'

(5)

Using similar methods as described in the previous section,
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“apy = (mﬂm] x%9yPa;7|

=X0>Y=Y0:8520
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