LaPl ace89

LaPl ace + Differential equation solver package version 1.2.4 to TI-89

Thi s package contains functions for LaPl ace transformati on + solving single or
multiple differential equations with constant coefficients. Differential
equati ons can be of any order and conplexity. The functions have al so the
ability to find the solutions of nobst integral equations or conbinations of
differential and integral equations (integro-differential equations). Method
used: LaPl ace transformation

If you al ready have LaPl ace92 it can be replaced by this package.

Keep the functions together in a separate folder with the name "LAPLA and do

not create any variable init.

Functi ons:

Sol veD solve single differential/integral equations

Si mul tD solve nultiple simultaneous differential/integral equations
LaPl ace transforms fromtine to LaPl ace domai n.

| LaPl ace transforms from LaPl ace to tinme domain.

Pr ograns:

Hel p docunmentation in very short form

Menu cust om nmenu

Bef ore using functions, set TI-89 MODE

Conpl ex Format to RECTANGULAR
Angl e to RADI AN
Exact/ Approx to AUTO

You have to do these settings yourself because; the programs cannot change the
node setting on the cal cul ator.

Hel p

This programwi |l give online information about and denonstrate the use of
functions in this package. Wen you do not need this program any |onger, just
delete it.

Synt ax: Hel p()

Sol veD

Solving single differential/integral equation. The principle in this function
is, first it will transformthe equation in to the LaPl ace domai n and second it
solves the equation as a linear equations, third it transfornms the solution back
to the tine-donain (see LaPlace/ilLaPlace for further infornation about LaPl ace
transformation).

In Principle SolveD can solve differential/integral equations of any order. The
only linmtation is the size of the calculator's nenory (if it is a very conplex
solution, it may run out of nmenory).

Equations/initial conditions may contain constants of any kind, but the letter
's' may not be used in any connection



Heavi side/Dirac delta functions can be used in equation (see LaPlace for further
i nformation).

Synt ax: Sol vD(equation, {function ,initial conditions})

Equat i on differential/integral equation. A derivative of a function is
witten: d(f(x),x,n) where "d()" is the normal differentiation
function on the calculator and 'n'" is the order. Integrals of a
function is witten: qf(x),x) or d(f(x),x,-n). Were ) is the
cal cul ators normal integral function

function function to solve for f(x).

initial f(0),f'(0),f'"(0),..

condi tions

Exanpl e 1:

Sol vi ng second order differential equation
Equati on:

2
X", 20 KO, 5= g2ty Uts0
d2t dt

Initial conditions: x'=3 and x=1 at t=0

Sol vi ng equati on usi ng Sol veD:
SolveD(d(x(t),t,2)+2*d(x(t),t)+5=e~(-t),{x(t),1,3})

d() is the normal differentiation function on the cal cul ator

X(t) =10- t* et - 9*e' - 5*t +10
Result on the hone screen

Exanpl e 2:

otain the solution x(t) for t30, of the differential equation

d?x(t)
dt?

dx
+5* —+6=f(t
pn )

Where f(t) is the pulse function

i3forOEt<6
F() =
i Odse
Initial conditions x(0)=0 and x' (0)=2
First rewiting f(t) to Heaviside functions
f(t) =3*(u(t) - u(t-6))

Now t he equation can be solved with Sol vD



Cal cul ator:
SolveD( d(x(t),t,2)+5*d(x(t),t)+6=3*(u(t)-u(t-6)),{x(t),0,2})

aa3 3*t 13*e ™0 a§33 3*t 3*e 304
X)) =G—=-—-+ u(t) + T¥u(t- 6)
5 25 5 5 4

Result on the hone screen:

Exanpl e 3:

Ootain the solution x(t), t>=0, of the integral equation
Ox(t)dt + x =sin(5t)
Cal cul ator:

SolveD (Yx(t),t) +x = sin(5t) {x()})

Result on the hone screen

5* cos(5t) L 5" sn(st) 5*e’
26 26 26

X(t) =

Exanpl e 4:

Ootain the solution x(t), t>=0, of the nmixed differential/integral equation

OX®)at + % = cos(t)

Initial conditions x(0): unknown

Sol vi ng equation on the cal cul ator

SolveD(¢y(t),t) + d(x(t), 1) = cost) {x®)})

Sol ution returned on the hone screen

x(t) = - ost) Cfs(t) + X0 cos{t) + %(t)

Here "x0"= the unknown initial condition
SimultD

Sol ving systens of sinultaneous differential/integral equations. The principle
inthis functionis, first it will transformthe equations in to the LaPl ace
domai n and second it solves the equations as a systemof |inear equations, third
it transfornms the solutions back to the tinme-donain (see LaPl ace/ilLaPl ace for
further information about LaPl ace-transfornmation).



There are very fewrules to obey when using SinultD. First, there has to be an
equal nunber of equations and unknown vari abl es. Second, the variable has to be
a function of the type f(var).

Equati ons do not need to be of same order. In Principle SimultD can sol ve any
nunber of sinultaneous differential/integral equations of any order or mxture
of different orders, if there are a sufficient nunber of equations. The only
[imtation is the size of the calculator's nenory (if it is a very conpl ex
solution, it can run out of nmenory).

Equations/initial conditions may contain constants of any kind, but the letters
's' and ‘m may not be used in any connection

Heavi side/Dirac delta functions nmay be used in equations (see LaPlace for
further information).

Synt ax:

Si mul t D([ equati on; equation;...],

[fil(var),f1(0),f1" (0),..;f2(var),f2(0),f2'(0),..;.. 1)

[ equati on; differential/integral equations separated by ';'. A

equation;..] derivative of a function is witten: d(f(x),Xx,n)
where "d()" is the normal differentiation function on
the calculator and 'n' is the order
Integrals of a function is witten: f(x),x) or
d(f(x),x,-n). Where ) is the calculators nornal
i ntegral function.

[fi(var),f1(0),..; functions and belonging initial conditions separated

f2(var),..] by ';".

Exanpl e 1.

Sol ve for t>=0 the system of first-order sinultaneous differential equation

idx(t)  dy(t) *uft) — ot
o (t+) @ (t+) X()+3* y(t) = e
oy OX y . _
%2 —dt + ™ +5*x(t) +y(t)=3

Initial conditions: x=2 and y=1 at t=0
Sol ving system on the cal cul at or
Saving the equations to a variabl e:
[d(x(t),t)+d(y(t),t)+5*x+3*y=er(-t); 2*d(x(t),t)+d(y(t),t)+x+y=3]->mat x1
Sol ving system using SinultD:

Simul tD(matx1, [x(t),2;y(t),1])

Result on the hone screen
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ATTENTI ON when sol ving equations containing integrals. There are sone situations
where LaPl ace-transformati on gives a wong answer.

1. Wien an answer from Sol veD) SinmultD contains Dirac Delta-functions, it nay
i ndi cate that sonmething is wong. Use the function Check to see if the
solution is correct. If Check return something different fromzero the
solution nmay be false. In nost cases just renove the Dirac-functions, the
rest of the answer will be the correct solution to equation.

2. Wen the equation contains constants like this: f(t),t)+f(t)+sin(t)=const.
LaPl ace transformation will give the solution for: qf(t),t)+f(t)+sin(t)=0.

Renenmber when interpreting the results from Check:

Ot =u(t) =1

d

e (d(t- a)" =0

| actually do not know why LaPl ace-transformation gives these fal se sol utions.
| f sonebody knows the explanation/solution to this, | would like to know it.

Check

Function constructed to check that the results from Sol velY SinultD are correct.
Check will replace the functions in the equations with the output from
SolveDl SimultD and return the result.

Check always the results from Sol veD/ Si mul t D.

Synt ax: Check(equation, result from Sol veDYy Si nul t D)

equati on has to be exactly the sanme as past to SimultD Sol veD.
result from t he second paraneter has to be the result returned from
Sol veD Simul t D Sol veDY Si nul t D.

Menu

Creates a Custom Menu with functions included in this package.
After executing the programpress '2nd" 'CUSTUM to activate/deactivate the
nmenu.

Synt ax: Menu()



LaPl ace

Synt ax: LaPl ace(f(var), var)
Transfornms the expression "f(t)" fromtine donain to LaPl ace domain.

f(var) can be any expression, which have a LaPlace transform

var is the nane of the variable to transformnornmally '"t', but can be any
| egal nane.

The expression may contain constants of any kind except ‘ni, which is reserved
for the program

Speci al transforns:

Unit step function (Heaviside function):
LaPl ace(u(t - a),t) = e"(-a*s)/s

Dirac delta function
LaPl ace(d(t - a),t) = e™(-a*s)

You can get ‘d by pressing 'green dianond' + G+ D

I LaPl ace

Syntax: ilLaPl ace(F(var), var):
Transforms F(var) from LaPl ace domain to tine donain.

F(var) can be any polynomial. It may contain In() and arctan().
var is the nane of the variable to transformnormally 's', but can
be any nane.

The expression may contain constants of any kind. The letters ‘m is reserved
for the program

Speci al transforns:
i LaPl ace(e”(-a*s)/s,s)
i LaPl ace(e”(-a*s),s)

u(t - a)
dit - a)

i LaPl ace may never give an error, if used correct. It shall be able to transform
any real polynomial. If this is not the case please report it to
ne.



Fol d

Syntax: fold(f(var), g(var), var)

Sol vi ng convol ution integrals f*g.

f(var) and g(var) can be any expressions, which has a LaPlace transform

var is the nane of the variable to integrate normally 't',
but can be any nane.

This function use the fact that, if f(t) and g(t) are of exponential order
pi ecewi se-conti nuous on t>=0 and have LaPl ace transforns F(s) and  s)
respectively, then, for Re(s)>0 f*g=InvL{F(s)&s)}

Exanpl e:

f(t)
g(t)

To solve f*g wite followi ng on the commandl i ne:
fold(t*u(t),sin(2t)*u(t),t)

t*u(t)
sin(2t)*u(t)

This gives the result on the honme screen

t sn(2t)

2 4

About

Progranms of same type

Type Nanme

| nverse Z-transfornmation i nverseZ
Fourier/inverse Fourier transformation Fouri er 92

Pl ease send questions and conments to Lars Frederi ksen or Roberto Peres-Franco.
Aut hor: Lars Frederiksen

E-mai | : ASK@POST8. TELE. DK

Supporter on the TI-89 version: Roberto Perez-Franco

E-nmai |l : Perez-Franco@ namne. com

Thanks to Roberto Perez-Franco for his great support on the TI-89 version

PS. Please do not ask for nore prograns.



