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Formulation of the Model




Begin with 1D

A Simplify all hydrodynamical behavior of a star
Into a single variable, z

A We want to describe two steady convecting
velocity fields, so we model z by:

#=m 7°

This gives rise to a saddle-node bifurcation,
with fixed points:

P':z=,m Stable

P :z=-./m_Unstable



Magnetic Field

A Toroidal field Bt = x

A Poloidal field Bp =y

A Set g = x + iy = reit

Ar=(x2+y?2)05 Strength of magnetic field
A Now we have,

&= (/ +imp+{Ger-itiyae O(q " q)



Magnetic Field cont.

A Using the definition of g, and reordering, we
obtain the following system:

#=m 7°
¥=(/ +azx- w+bz)y
¥=(/ taz)y- m+bzx
And in cylindrical coordinates:
#=m 2°
B=/r +azr
#=w- bz



What do we have now?

H2=m °
w=/r +azr
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| orentz Force

A Need to add back-reaction of magnetic field
on the flow

A This force is proportional to B, so we add a
term to z-dot (carefully):

#=mr 22- (P +y?)  #=mr Z2°-r?
#=(/ +az)x- wy H=/r +azr
¥=(/ +az2y- ux F=w



What do we have now’?
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Quick Reality Check

A We are analyzing r vs. z

A

A

A Toroid

~1xed
Perioc

Perioc

hointinr(rl  0) means
Ic orbit in x and y!

Ic orbit in r means?

al orbit in x and y (and 2)!




Frint I

Cuat I

The backward orbit from [-0.35, 0.26] --> a possible eq. pt. near [-0.33. 0.EG].
Ready.

Fick a center and drag the mouze, or just click on a center.

Computing the field elements.

Feady.



Breaking Degeneracy

A We want a torris that will break into chaos, so first
we need a viable torris that iIs maintained In
parameter space!

A To do this, a cubic term is added to z-dot, breaking
the symmetry that caused the degeneracy.

A Now our system: (c<0)

#=m Z°~ (X% €3°) +cZ
w=(/ +az)x- ny
#=t +a2)y- ux



What do we have now?(1)

A New fixed point, and total remap of three
old ones.

A No degeneracy
A Heteroclinic Connection

A Stable, unique toroidal orbits, shown as
limit cycles In r-z plane



What do we have now? (2)
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Z1|=
[1/9*(1000-1215*u+45*(-1200*u+729*u"2)(1/2))N(1/3)+100/9/(1000-1215*u+45*(-
1200*u+729*u"2)N(1/2))N(1/3)+10/9]

22 =

[ -1/18*(1000-1215*u+45*(-1200*u+729*u2)"(1/2))(1/3)-50/9/(1000-1215*u+45*(-
1200*u+729*U"2)N(1/2))N(L/3)+10/9+1/2%*37(1/2)*(1/9*(1000-1215*u+45*(-
1200*u+729*u"2)"(1/2))N(1/3)-100/9/(1000-1215*u+45*(-1200*u+729*u 2)N(L/2))M(1/3))]

Z3 =

[ -1/18*(1000-1215*u+45*(-1200*u+729*u’2)"(1/2))(1/3)-50/9/(1000-1215*u-+45*(-
1200*u+729*U"2)N(1/2))N(L1/3)+10/9-1/2%*37(1/2)*(1/9*(1000-1215*u+45*(-
1200*u+729*u"2)(1/2))N(1/3)-100/9/(1000-1215*u+45*(-1200*u+729*u )N L/2))M(1/3))]

Lambdal =
[1/2/a"2*(2*lam*a+3*c*lam”2+(4*lam”2*a”2+12*lam”3*a*c+9*c2*lam”™4+8*a”*3*lam”2+8
*an2*c*lam”3-8*a5*u)™(1/2))]

LambdaZ2 =

[ 1/2*(2*lam*a+3*c*lam”2-

(4*lam”2*a”2+12*lam”3*a*c+9*c 2*lam”™4+8*a3*lam”2+8*a* 2*c*lam” 3-
8*a"5*u)N(1/2))/a"2]



Bifurcations Revisiteco




