Module 4 Review and Self-Test
Lesson 64 - Module 4 — Systems of ODEs - Differential Equations - dailymaths.uk/diffeq

Practice problems

' =2z + 3y

/

1. Find the general solution and classify the equilibrium point at the origin for the system { A
y =dr—y

¥=-x+y

/

2. Determine the stability and type of the equilibrium for the system {
y=—x—-y

/
3. Find the steady-state solution (particular solution) for the non-homogeneous system <‘;j,> =

(* )0 6)



Solutions

' =2z + 3y

1. Find the general solution and classify the equilibrium point at the origin for the system { 'y
y =4ar—y

4 -1
Find the characteristic equation: det(A — A) = (2= A)(=1—=X) —12=X2 — X\ — 14 = 0.
Solve for \: \ = HE\/QHW — lié/ﬁ'

Write the matrix A = <2 3 >

Since the eigenvalues are real and have opposite signs (v/57 > 1), the equilibrium is a saddle
point.

A A

e Find eigenvectors vy, vy and write x(t) = cjeMtvy + cae??tvy.

Answer: Saddle point; A = HTﬁ

/

2. Determine the stability and type of the equilibrium for the system {
y=-z-y

-1 -1
Trace tr(A) = —2, Determinant det(A4) = (—=1)(—1) — (1)(—1) = 2.
Characteristic equation: A2 4+ 2\ +2 = 0.
e Higenvalues: \ = % VAZ8 — 144,

Matrix A = <_1 1 )

e Since the real part is negative and the imaginary part is non-zero, it is a stable spiral.

Answer: Stable spiral

/
3. Find the steady-state solution (particular solution) for the non-homogeneous system (;) =

00 |

e Set x’ = 0 for the steady state: 0 = Ax, + b.

Solve the system: —2z +y = —3 and x — 2y = —3.

e From the first eq, y = 2o — 3. Substitute into second: = — 2(2z — 3) = —3.
Simplify: x —4dx+6=-3 —= -3z =-9 = x=3.

e Find y: y=2(3) —3=3.

Answer: x, = (3)
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