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Today’s problem using Taylor Series

We find out the functions which are the solution of the differential equation y® =y.
There are functions which are number of n.

Theorem There are n functions when the function is same of the n times differential
Before we use the basic theorem of Algebra
n-dim algebraic equation has n solutions

In this time we use the n-vector space has n vectors with the basis
the basis is the function

1. The one time differential function is same

f(x) = ap+ aix + azx2+ aszx3+ asxi+ asxi+---
| differential (we use only one differencal formula

f(x) = a1 + 2a9x + 3asx2+ 4asx+ Sasxi+ -
=aot aix+ asx®+ azxd+ asxt agxS+--

50 ao=— ai
a;= 2ap
az = 3a3
as=4ay
as= bas

if ap=1, then a; =1
az= 1/2a;=1/2
az= 1/3az=1/3*1/2a; = 1/3!
as= 1/4as= 1/4*1/3a2= 1/4*1/3*1/2a:=1/4!
a; = 1/6a=1/5%1/4a3= 1/5%1/4*1/3as=1/5!
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We get the function f(x)= 1+1x + 1/2x2+1/3!x3+ 1/4!x4+ 1/5!x5+ 1/6!x6+ -, we draw this

graph with TI-89
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We see this graph, we can know the exponential function y=e* near x=0.

MAIN FAD AT FUNC HAIN FAD AT FUNC LEpcy |

the graph of y=ex fx)=1+x +1/2x2+1/3!x3 +1/41x4+1/5!x5+1/6!x6

If we use the differential equation yV=y, then we get the solution y=ex.
Using the method of the linear, D=y
so Dy=y
then D=1 (here is the linear equation, this solution is only one)
we get y=elx

2. The two times differential function
We know this functions are y=e* and y=e'x.
Now we use the function f(x) = 1+1x + 1/2x2+1/3!x3 + 1/4!x4+ 1/5!x5+ 1/6!x5+:--
We break two parts with modulo 2
Y1=1+ 1/2x2 + 1/4!x4+ 1/6!x6+---
Y2=x+ 1/3!x3+ 1/5!x5+ 1/7!x7+ -
If we difference Y1 two times, then we get same Y1.

Yi=1+ 1/2x2 + 1/4!x4+ 1/61x6+:--
I differential (we use only one differencal formula
=1x+ 1/3Ix3+ 1/51x5+ 1/7!x™+-
| differential (we use only one differencal formula
=1+ 1/2x2 + 1/4!x4+ 1/6!x6+--

=Y1
Y2 is same
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These two functions, Y1 and Y2 are 2 basis.
We make the functions from Y1 and Y2.

fx) =Y1+Y2 = ex
g(x) =Y1—Y2 =@e*

We get functions, we draw this graph with TI-89
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Y (x)=1+ 1/2! x2---

Y2(x)=x+ 1/3! x3------ composite  Y1(x)—Y2(x)=e*

note : We know that Y1 = cosh x =(ex+e%)/2 and Y2=sinh x =(ex—ex)/2
y=cosh(x) and y=sinh(x) are famous functions.
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Y2(x)=sinh(x)

If we use the differential equation y® =y, then we get the solution y=e* and y=e-x.

Using the method of the linear, D=y

so DiZy=y

then D2=1 (here is the 2-dim equation, solutions are two values)
then D=1 or -1

we get y=e!* and y=e'!x

3. The three times differential function
We do not know this function, so we use modulo 3.
Now we use the function f(x) = 1+1x + 1/2x2+1/3!x3+ 1/4!x4+ 1/5!x5+ 1/6!x6+:
We break three parts with modulo 3
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Yi=1 + 1/31x3 + 1/6!x8 FL/GIxI o5 oree
Y2= X + 1/4!x4 + 1/7'x7 + 1/10'x10+ ---
Y3= 1/21x2 + 1/5!%5 + 1/8!x8 + 1/11!1x11+ -eoeee

If we difference Y1 three times, then we get same Y1.
Yi= 1+  1/3Ix3+ 1/6Ix6+ 1/91x0+ 1/121x12 4+

| differential (we use only one differencal formula
= 1/2!x2+ 1/5!x5+ 1/8!x8+ 1/11!x!11 +--+---
| differential (we use only one differencal formula
=1x + 1/4x4+ 1/71x7+---
| differential (we use only one differencal formula
=1+1/3!x3 + 1/6!x6+ 1/9!x%4+--

=Y1
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Y1 difference three times with TI-89
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Y1(x)=1 +1/3!x3+1/6!x6+- - - Y2(x)=x +1/4!x4+1/T!xT+- - - Y3(x)=1/2!x2+1/5!x5+1/8!x8- - -

We composite with Y1, Y2 and Y3.
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We use the differential equation y® =y. Using TI-89 CAS.
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