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The Fučík Spectrum Introduction
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The beam operator and the Fučík spectrum EQUADIFF 11 3 / 7



Variational Approach First Step

Variational Approach

Lu = αu+ − βu−{
u = (µI − L)−1v,

α = µ −
1

λ(1 + m)
, β = µ −

1

λ(1 − m)
.

α

β µ = 2

m = 0.4

(µI − L)−1v = λ(v + m|v|){
v = (µI − L)u,

m =
β − α

β + α − 2µ
, λ =

2µ − α − β

2(µ − α)(µ − β)
.

m

λ

The beam operator and the Fučík spectrum EQUADIFF 11 3 / 7
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The beam operator and the Fučík spectrum EQUADIFF 11 4 / 7



Variational Approach Once Again

Variational Approach - Revision
Lu = αu+ − βu−

{
u = (µI − L)−1v,

α = µ−
1−δλ̃

λ̃(1 + m)
, β = µ−

1−δλ̃

λ̃(1−m)
.

((µ+δ)I − L)−1v =

λ̃(v + m(I−δ[(µ + δ)I − L]−1)|v|)

{
v = (µI − L)u, m =

β − α

β + α− 2µ
,

λ̃ =
2µ− α− β

2(µ− α)(µ− β)+δ(2µ− α− β)
.

The beam operator and the Fučík spectrum EQUADIFF 11 4 / 7
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Example Asymptotics

Example - Neumann Wave Operator8><>:
utt(x, t) − uxx(x, t) + αu+(x, t) − βu−(x, t) = 0, (x, t) ∈ (0, X) × (0, T ),

ut (x, 0) = ut (x, T ) = 0, x ∈ [0, X],

ux (0, t) = ux (X, t) = 0, t ∈ [0, T ].

I X = 2, T = 1,

I µ = 1, δ = 0, m = 1,
I α = 1.587, β = +∞,

λ̃ = 0.851, ‖J′(v)‖2 = 2.3 · 10−5.

t

x

u

The beam operator and the Fučík spectrum EQUADIFF 11 5 / 7



Example Asymptotics

Example - Neumann Wave Operator8><>:
utt(x, t) − uxx(x, t) + αu+(x, t) − βu−(x, t) = 0, (x, t) ∈ (0, X) × (0, T ),

ut (x, 0) = ut (x, T ) = 0, x ∈ [0, X],

ux (0, t) = ux (X, t) = 0, t ∈ [0, T ].

I X = 2, T = 1,

I µ = 1, δ = 0, m = 1,
I α = 1.587, β = +∞,

λ̃ = 0.851, ‖J′(v)‖2 = 2.3 · 10−5.

t

x

u

λk,l = (π/T )2l2 − (π/X)2k2, k, l ∈ N0,

Λ
.
=

266666666664

0 9.870 39.478 88.826 . . .

−2.467 7.402 37.011 86.359 . . .

−9.870 0 29.609 78.957

−22.207 −12.337 17.272 66.620

−39.478 −29.609 0 49.348

.

.

.
.
.
.

. . .

377777777775
.

The beam operator and the Fučík spectrum EQUADIFF 11 5 / 7
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The beam operator and the Fučík spectrum EQUADIFF 11 5 / 7



Example Asymptotics

Example - Neumann Wave Operator8><>:
utt(x, t) − uxx(x, t) + αu+(x, t) − βu−(x, t) = 0, (x, t) ∈ (0, X) × (0, T ),

ut (x, 0) = ut (x, T ) = 0, x ∈ [0, X],

ux (0, t) = ux (X, t) = 0, t ∈ [0, T ].

I X = 2, T = 1,

I µ = 1, δ = 0, m = 1,
I α = 1.587, β = +∞,

λ̃ = 0.851, ‖J′(v)‖2 = 2.3 · 10−5.

t

x

u

u(x, t) – α = 1.682

x

t

ut(x, t) – α = 1.682

x

t

The beam operator and the Fučík spectrum EQUADIFF 11 5 / 7
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Summary Further Research

Summary

I Variational approach gives us robust and global algorithm.
I Asymptotes of the Fučík curves can be investigated.

I Outlook
I Prepare a massive numerical experiment for the wave and the

beam operator (µ, δ ∈ R, m ∈ (0, 1]).

I Clarify the validity of the variational approach.

I Prove observed qualitative properties of generalized
eigenfunctions.
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