Getting a System of 1*-Order Differential Equations

In general:
We have one nth order differential equation:

x™ = f(t,x,x', .., x™D)

We want to get a system of only 1* order differential equations.
So we define the new variables:
X1 =X
X, =x'
x3 =x"
Xn = x(n"l)

Using these new variables we get the following differential equations (which are all 1% order):

X1 = Xy
Xy = X3
X3 = X4

Xn-1 = Xp
xp = xM = f(t, %1, Xz, o) Xn)

Note: If we start off with more than one differential equation, we apply this method to each of those
differential equations (if they have order 2 or more) to get a new system where each of its differential

equations has order 1.

Example:

Transform x®) + 3x" + 2x’ — 5x = sin 2t into a system of 1 order differential equations.
Recall here that x(t) is the function and t is the variable.

Step 1: solve for x(3 _
x® = f(t,x,x',x") = 5x — 2x' — 3x" +sin2t
Step 2: define our new variables
X1 =X
Xy = x’
x3 =x"

X3 = X3
x5 = xB) = f(t, %1, %2,%3) = 5%, — 2x5 — 3x3 + sin 2t



