January 18 Math 2306 sec. 51 Spring 2023

Section 2: Initial Value Problems

An initial value problem (IVP) consists of an ODE

d"y
axn

coupled with a set if initial conditions (IC)

= f(X7.y7yI7"'7y(n71))

y(x0) =Y, Y(0)=w1, -,y D (x0) = yn1.

Note two key features of the problem
» The number of ICs matches the order of the ODE, and
» all IC are given at the same specified input value Xxp.
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IVPs

First order case:

d
d% =f(x.¥), y(X) =0
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IVPs

Second order case:

a2y

gz =[xy yo) =y, ¥'(%) =y
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System of IVPs

We can also consider a system of IVP for example

chjl? = —2ip — 2i3 + 60, ig(to) = i20
C:jl? = —2ip —5i3 + 60, i3(t0) = i30

The number of initial conditions for each dependent variable will match
the highest order derivative for that dependent variable. All initial
conditions for all dependent variables are given at the same input
value (fy).
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Example
Given that y = ¢1x + 2 is a 2-parameter family of solutions of
x?y" 4+ xy' — y = 0, solve the IVP

Xy'+xy' =y =0 y(1)=1, y(1)=3
T S| M\{w § )ro -H,\k ON Y orc¢ ™
Hrs QG‘M\U W= Cx < C—;Z— . loe  \Vroux
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Pers 9 (D=3  y'W=c¢ - == =3

Loe  need Yo solu=
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