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Section 2: Initial Value Problems

An initial value problem (IVP) consists of an ODE

dny
dxn = f (x , y , y ′, . . . , y (n−1))

coupled with a set if initial conditions (IC)

y(x0) = y0, y ′(x0) = y1, . . . , y (n−1)(x0) = yn−1.

Note two key features of the problem
I The number of ICs matches the order of the ODE, and
I all IC are given at the same specified input value x0.
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IVPs
First order case:

dy
dx

= f (x , y), y(x0) = y0
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IVPs
Second order case:

d2y
dx2 = f (x , y , y ′), y(x0) = y0, y ′(x0) = y1
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System of IVPs

We can also consider a system of IVP for example

di2
dt

= −2i2 − 2i3 + 60, i2(t0) = i20

di3
dt

= −2i2 − 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 (t0).
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Example
Given that y = c1x + c2

x is a 2-parameter family of solutions of
x2y ′′ + xy ′ − y = 0, solve the IVP

x2y ′′ + xy ′ − y = 0, y(1) = 1, y ′(1) = 3
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