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https://youtu.be/3d6DsjIBz)4?t=38




Polynomial (Ef2k4Al)

JTaylor series approximate an arbitrary function in the form of a polynomial

y(x) = a+ bx + cx? + dx3 ...and on on
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How to?

CJExample of y = cos (x + g) dP(x) = a + bx + cx? ...
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o5 T PX)=y(0)
— P(x) =y(0) + y'(0)x
_10d = PX)=y(0) +y(0)x + 1y"(0)x?
—— P(x) =y(0) +y'(0)x + 1y"(0)x2 + Ly"(0)x>
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Verification

y(x) = cos(x+%) ~ P(x) = cos(0+g) —sin(0+g)x—%cos(0 +%)x2 +%sin(0+g)x3

0.5 1 /\ ? /
1NN
— y(x)=cos(x+3)
o [ W y(0.1) = cos (0.1 +2) = 0.41104380 ...

10l — PO =y(0) +y(0)x + 1y (0)x?
—— P(x) = y(0) +y'(0)x + 3y"(0)x2 + £y"(0)x> T
—154 i — - ' [—_" . _
B cos (§) — 0.500000

cos (g) — sin (3) x0.1 = 0.413397 ...

cos (E) — sin (E) x0.1 — lcos (g) x0.01 = 0.410897 ...

3 3 2
cos (g) — sin (g) x0.1 — %cos (3) x0.01 + 2sm (3) x0.001 = 0.411041 ...
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Generalization

y=f(x)

Taylor series of f(x) atx =a?

2

—f(x—a)+%(x—a)x(x—a)+;;i];(x=a)><(x—a)2
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Numerical solution of ODE using Taylor series

df 2
d};(tt) = f(ty) =f(x=a)+ E(x =a)X(x —a) +§W (x = a)X(x — a)?
y(x + @) = y(@) + Y (@x + 2y (@x* + 27" (@)’
Let’s say We have a initial state such that 2 6
y(t=0) =y, y(At + t) =2
1 1
T y(@At+1) = y(©) +y' (OA +2y" (OBO% + =y (O (At)°
dy(t) ., decreases as At :
a e =ro decreases. y(8t +6) = (&) +y' (DAL +5y" ((A8)?
T ! 1 17 2
dy(t) ~ o y(At +©) — y(t) . y' (DAt = y(At +t) — y(t) — E)’ (®)(At)
— ey =y~ AL — 5y (DA I
A — 1
y'(t) = Y +2 ) _ Ey”(t)At
_y@t+o)-y@ 1,
f(t'y) = At —Ey (t)At

c j y(At +t) = y(t) + Atf(t,y)
y(At +t) = Atf(t,y) + y(t) + Ey”(t)(At)2

y(tn+1) = Y(tn) + Atf(tnr Yn)
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Taylor series and Euler method

dy(t)
—— t’
7 &Y
Let’s say we have a initial state such that
y(t=0)=y,

y(tn+1) - Y(tn) + Atf(tn» yn)

A dy(t,) You know exactly what dy;zn) is.
Y(tn+1) = y(tn) + At dt You don’t know what y(t) is.
Following the Euler method, once Provided that 1) your approximation
you know y(t = 0) = y,, you can using the Taylor expansion is

obtain y(t = At) = y; and so reasonable; and that 2) the time

y(t = 2At) = y,, and so forth. increment At is sufficiently small.
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