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Introduction

* In this topic, we will

— Discuss converting systems of higher-order initial-value
problems into a system of 15t-order initial-value problems

— Look at an example
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System of two 214-order initial-value problems

* We will show this by example:
yA(t)+2yW(t) + y(t)+z(t) =sin(t)
22(t)+ 29(t) + 2 (t) + y(t) = co(t)

— This requires four initial conditions:

Y(to) = Yo
y(l)(to) = yg)l)
Z(ty) =12,
29(t,) =z
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| System of two 2"d-order initial-value problems

 We will represent: y(t) = WO('[)
y(l)(t) = Wl(t)

Z (t) = Wz(t)

29(t) = wy(t)

y(t) =Y, Wy(t,) = Y
y(t,) = ys w(t,) =y
2(t,) =2 W,(ty) = Z,
2(t) =2 wy(t,) = 2%
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| System of two 2"d-order initial-value problems

* We also immediately note that

wg'(t) = y(t) = wy(t)
ng)(t) ( ) =wy(t)
U

* That leaves us with determining W t),ng( )

Y1) = sin(t) - 2y"() - y (1) ~2(1)
2(t) = cost) - 2°(t) (1) -y 1)

W(t) = sin(t) — 2wyt ) wy(t) —w,(t)
Wi(t) = cog(t) — wy(t) —w,(t) — wy(t)
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System of two 2"d-order initial-value problerri’"s

"y

 Thus, we have:

w(t) Yo
W (1) = sin(t) — 2W1(\:/Z(_t\)NO(t) —W,(t) w(ty)= Z(():)
cos(t) —wy(t) — w,(t) —wy(t) 20

« We can write this as a function:

vec<4> f( double t, vec<d> w ) {
return vec<4>{

w[1],

std::sin(t) - 2.0*w[1l] - w[O] - w[2],
w[3],

std::cos(t) - wi3] - w[2] - w[O]

Ji
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System of two 214-order initial-value problems

* Plotting the actual solution versus the
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System of two 2"d-order initial-value problems
w(t) = y?(t) wyt)=2(t)
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* Thus, if we had four coupled ODEs:

u?(t) = f,(t,uy(t),...,ul?(t

) ) (
)= fy(t,uy(t),...,ul?(t
) ) (

= f,(t,uy(t),...,ul?(t

— This requires eleven initial conditions

— This would require us to define a system of eleven 15t-
order initial-value problems
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W(()l)(t) = w(t)

* Thus we would reformulate as follows: Wl(l) (t) = wy(1)
“1(4)(t) — fl(t uy(t),..., uff)(t)) ng)(t) — wy(t)
u?(t) = f,(t,uy(t),...,u?(t) w(t) = fi(t,w(t))
uP(t) = ft,ugt),..., u(t) wW(t) = w(t)
W)= £(tu(t),..u(t) we(t) = F(t,w(t))

We(al)(t) =Ww,(t)

wi(t) = ot w(t))
wg(t) = w(t)

We'(t) = wy(t)

wio(t) = f(tw(t)) 1o
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Summary

* Following this topic, you now

— Understand how to convert a system of higher-order initial-value
problems into a system of 15t-order initial-value problems

— Have seen an example and its solution
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Colophon

These slides were prepared using the Cambria typeface. Mathematical equations
use Times New Roman, and source code is presented using Consolas.
Mathematical equations are prepared in MathType by Design Science, Inc.

Examples may be formulated and checked using Maple by Maplesoft, Inc.

The photographs of flowers and a monarch butter appearing on the title slide and
accenting the top of each other slide were taken at the Royal Botanical Gardens in
October of 2017 by Douglas Wilhelm Harder. Please see

https://www.rbg.ca/

for more information.
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Disclaimer

These slides are provided for the ECE 204 Numerical methods
course taught at the University of Waterloo. The material in it
reflects the author’s best judgment in light of the information
available to them at the time of preparation. Any reliance on these
course slides by any party for any other purpose are the
responsibility of such parties. The authors accept no responsibility
for damages, if any, suffered by any party as a result of decisions
made or actions based on these course slides for any other purpose
than that for which it was intended.
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