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# Find the first few forms7for the power series of

f(x) =2

centered at Xo = 1

&Taylor series

f(x) = f(x) + f(x)(x - Xo)J+ x(x-xof(x
=1 .

+,

f(x) =

y
z =x f(1) = T = 1

f(x) =
- 2x3 = f'()= = - 2

=-2/3



f"(x) = 6x
=- f"(1) = = 6

=

f(x) =
-24x- f"(1)== 24

=-
-

Tita
-(x - 13 + ..

-
( -2(x- 1 + 3(x- 1) = 4(x- 19+ .

This method though doesn't

provide the radius of

convergence.

Last time we saw that :



* = 1 - (x - 1) + (x - 1)- (x- 1+ ...

converges when 0 < XZ

diverges diverges

⑭r = 1

radius of convergence r = 1.

Differentiate both sides above and

the radivs of convergence stays

the same
at r = 1.

-1 = 0 - 1 + 2(x - 1) - 3(x- 1)2 + .

Xz
u

derivate
- I

of * = X



-1
xz

= - 1 + 2(X - 1) - 3(x - 12 + ...

+ = 1 - 2(X - 1) + 3(x- 12-..
X

radius of convergence r = 1
.[diverges converges diverges

! ↳ (((6) X
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Fierseriessolutions

of ODE

Let: We say that a function

f(x) i maleticat X

if it has a power
series

f(x) =(x-x

centered atXo
With

r > 0

a radius of convergence

[r = D is allowed

diverges
converges

diverges11/1/X1/III/II
Xo

- r Xo

1r
M



Ex: f(x) = e" is analytic at

Xo = o because

e
= 1 + x+ Ex+ st x3+...

has radius of convergence r = D.

converges

/II
1

x

Eig(x)= x is analytic at

Xo= 2 because

x
" = 4 + 4(x -2) + (x -2 Ju

has radius of convergence r =



Exi h(x) = t is analytic

at Xo = I because

+ = 1 - 2(x- 1) + 3(x - 1)2 4(x - 1)+ ..

X

has radius of convergence r = 1.

diverges converges diverges

///N11111111111X
Xo = 1 Z

1 -

r = 1 r = 1

-



ats:

· polynomials are analytic at

every X

·
e,

sin(x) ,
cos(X) are

analytic at every
Xo

· tan(x) ,

sechxl, csc(x)

are analytic
at any Xo

except at their asymptotes

·
rational functions (Tatosofrials &

are analytic at every
X

except possibly where the

denominator is zero.



Xi
xi+ 5x - 2

3
all

X analytic
2 for any
sin(x) Xo
cos(X)

-

is analytic at

all Xo except

- x,
-

rational
wher

function x2 1 = 0

-



inHereser of the initial value
problems :

y+ a(x)y = b(x)[y(x) = Yo

OR

y" + a
,
(x)y + a.(x)y = b(x) d=Bo ,

Y(x0) = 3 .

- order

In either case ,
if the ai(X)

and b(x) are analytic at X

then there is a unique power

series
solution

y(x) =an(x -x

centered at Xo -

Furthermore,
the radius of

>o for the
convergence



power series of y(X) is at

least the smallest radius of

convergence
from amongst

power series of

the ai(x) and b(x).


