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CHAOS 2014, Lisbon, 07.06.2014



 0

 0.1

 0.2

 0.3
A

 [
m

ag
]

f

2f

 0

 0.005

 0.01

 0.015

A
 [

m
ag

]

1/2f

5/2f 7/2f

 0

 0.005

 0.01

 0.015

 0  1  2  3

A
 [

m
ag

]

frequency [c/d]

 14.5

 14.6

 14.7

 14.8

 14.9

 15

 15.1

 15.2
 0  0.2  0.4  0.6  0.8  1

I
 [

m
ag

]

phase

even cycles
odd cycles
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(Smolec & Moskalik 2008)

? static model builder, LNA code, nonlinear code

? lagrangean codes based on old radiative Stellingwerf ’s (1975) codes

+ convection model (Kuhfuß 1986)

+ updated physics, new model builder and LNA scheme
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(Smolec & Moskalik 2008) dR

dt
= U

dU

dt
= −1

ρ
∇(P + Pt + Pν)−∇φ

de

dt
+ P

dV

dt
= −1

ρ
∇(Fr + Fc)− (S −D)

det
dt

+ (Pt + Pν)
dV

dt
= −1

ρ
∇Ft + (S −D)

et turbulent energy
S source function ααsTPQe

1/2
t Y /HP

D turbulent dissipation (αd/α)(e
3/2
t /HP )

Pt turbulent pressure αpρet

Pν eddy-viscous effects −(4/3)αανHPe
1/2
t R∂(U/R)

∂R

Fc convective heat flux ααcρTcPe
1/2
t Y

Ft turbulent flux −αtαρHPe
1/2
t

∂et
∂R 8 free parameters

Fc ∼ Y , S ∼ Y , Y = ∇−∇a
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(Smolec & Moskalik 2008) dR

dt
= U

dU

dt
= −1

ρ
∇(P + Pt + Pν)−∇φ

de

dt
+ P

dV

dt
= −1

ρ
∇(Fr + Fc)− (S −D)

det
dt

+ (Pt + Pν)
dV

dt
= −1

ρ
∇Ft + (S −D)

Static model builder & LNA code:

? construction of the static model (typically 150–200 mass shells)

? LNA stability analysis
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(Smolec & Moskalik 2008) dR

dt
= U

dU

dt
= −1

ρ
∇(P + Pt + Pν)−∇φ

de

dt
+ P

dV

dt
= −1

ρ
∇(Fr + Fc)− (S −D)

det
dt

+ (Pt + Pν)
dV

dt
= −1

ρ
∇Ft + (S −D)

Nonlinear code:

? initial model: static

? initial perturbation (kick): scaled velocity eigenvectors

? forward time-integration till attractor is reached
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? a full wealth of chaotic dynamics demonstrated in the models of pulsating
stars for the first time

? chaos was not yet detected in BL Her stars

? the models are helpful in understanding more luminous irregular pul-
sators

? the models motivate search for dynamic phenomena: periodic cycles, in-
termittency, etc. in type II Cepheids

Research supported by Polish Ministry of Science and Higher Education
through Iuventus+ grant, IP2012 036572.
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