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1 Express the following n-order linear di�erence equations as a �rst-order linear (n×n) di�erence equations systems:

a) yt+3 + 5yt+2 − 4yt+1 + yt = t  zt+1
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b) yt + yt−2 + 0.25yt−4 = 0 
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c) yt+4 + 5yt+2 + 4yt = 0 
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2 Solve the following �rst order di�erence systems, using the direct method:

a)

xt+1 = −xt + yt − 8

yt+1 = −0.3xt + 0.9yt + 4

Eigenvalues λ1 = 0.73, λ2 = −0.83. The system is stable. v1 =

[
0.58
1

]
, v2 =

[
5.75
1

]
, Particular solution[

6.4
20.8

]
xt = c10.58λ

t
1 + c25.75λ

t
2 + 6.4

yt = c1λ
t
1 + c2λ

t
2 + 20.8

b)

xt+1 = xt − yt

yt+1 = xt + 3yt

Characteristic equation: λ2 − 4λ+ 4 = 0, λ1 = λ2 = λ = 2 > 1. The system is unstable.[
1− 2 −1
1 3− 2

] [
v11
v12

]
=

[
0
0

]
⇒ −v11 − v12 = 0

v11 + v12 = 0

So, we have that v11 = −v12. Therefore

v1 =

[
v11
v12

]
=

[
−v12
v12

]
= v12

[
−1
1

]

1



So, for v12 = 1 the independent eigenvector corresponding to λ1 = 2 is

v1 =

[
−1
1

]
while the generalized eigenvector v2 is

(A− λ)v2 = v1

where v1 is the independent eigenvector. So we have that:[
−1 −1
1 1

] [
v21
v22

]
=

[
−1
1

]

−v21 − v22 = −1
v21 + v22 = 1

→ v21 = 1− v22

Therefore, for v22 = 1 the generalized eigenvector is:

v2 =

[
v21
v22

]
=

[
1− v22
v22

]
v22=1
=

[
0
1

]
The general solution of the system is:

xt = c1v11λ
t + c2tv11λ

t−1 + c2v21λ
t = −c12

t − c2t2
t−1

yt = c1v12λ
t + c2tv12λ

t−1 + c2v22λ
t = c12

t + c2t2
t−1 + c22

t

where c1 and c2 are arbitrary constants.
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