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Abstract

The analysis of retarded linear m-delay time delay systems

ẋ(t) =
∑m

k=0 Akx(t− hk), t > 0
x(t) = φ(t), t ∈ [−hm, 0]

with h0 = 0 < h1 < . . . < hm, x : [−hm,∞) → Rn, Ak ∈ Rn×n, leads to a
quadratic eigenvalue problem Q(λ)u = 0 where

Q(λ) = λ2E + λF + G

with E = Am⊗I,G = I⊗Am, and F =
∑m−1

k=0 I⊗Ake
−iφk+Ak⊗Ieiφk , φk = ωhk

where ⊗ denotes the Kronecker product.

As there exists a permutation matrix P such that P T (A ⊗ B)P = B ⊗ A for
all real n× n matrices A,B, the quadratic matrix polynomial Q satisfies

P T rev(Q(λ))P = Q(λ), (1)

where Q(λ) = λ2E + λF + G and rev(Q(λ)) = λ2Q( 1
λ
). Matrix polynomials

which satisfy (??) remind of the different palindromic polynomial definition
given in [1], e.g., a palindromic polynomial is given by rev(Q(λ)) = Q(λ),
while a ?-palindromic polynomial satisfies rev(Q?(λ)) = Q(λ), where ? is used
as an abbreviation for transpose T in the real case and either T or conjugate
transpose ∗ in the complex case.

Following the derivations in [1], we will discuss the spectral symmetry of ma-
trix polynomials (??) as well the structured linearizations where we continue
the practise stemming from Lancaster of developing theory for polynomials of
degree k where possible in order to gain the most insight and understanding.
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