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• IDL is expensive -> Alternatives: 
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– GDL is compatible with the mostly used IDL instructions
– Otherwise you can always run the demo version of IDL : 7 minutes
– PYTHON is open-source, free, more flexible and powerful than IDL

• IDL vs. PYTHON: same as Fortran vs. C++ 
– IDL still widely used in astronomy so:
– many numerical and astronomical mature libraries available
– wide astronomical user base



• We think horrid plots are an old relic from the past, 
everyone is careful

• NO! We still see too often plots like

• It shouldn´t be YOU! 
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• IDL can and should be used to produce .ps files
• 1st General Rule: properly label your axes
• Make a legend/colorscale if possible
• DON´T draw too thin lines, better too thick
• You can use different patterns AND colors to 

distinguish different curves 
» good both for color     ....       and B&W prints: 
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138 Influence du Champ Magnétique sur la Structure Stellaire

Figure 5.15 – Influence de la position et de l’extension de la région de transition (respec-
tivement caractérisées par Rc et q̃) sur les moments gravitationnels quadrupolaires, pour
plusieurs vitesses de rotation dans le cœur solaire Ωc : (a, en haut) Ωc = 7 Ωs ; (b, au
milieu) Ωc = 5 Ωs ; (c, en bas) Ωc = 3 Ωs

5.5 Conclusion et perspectives

J’ai dégagé ici dans un premier temps les quantités d’intérêt pour l’implémentation du
magnétisme dans un code d’évolution stellaire, à partir de configurations provenant d’un
modèle physique consistant et en évaluant systématiquement les propriétés géométriques
de chaque terme modifiant la structure stellaire.
J’ai en particulier montré la nécessité de prendre en compte la force de tension magnétique
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• a readable plot example



•RGB plot created as it appears on screen 
•RGB plot created with the CMYK 

keyword as it appears on paper
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Fig. 2. Upper panel: (left) toroidal magnetic field strength in colorscale and normalized isocontours of the poloidal flux function Ψ in meridional
cut in the solar case where the field is buried in the radiative core (below 0.726R∗) for the first equilibrium configuration (λ0,1

1 ); (right) anisotropy
factor γ (Eq. 88). Lower panel: normalized isocontours of the flux function Ψ in meridional cut (left) for the third possible eigenvalue (λ0,3

1 ) in the
same case, (right) for the fifth possible eigenvalue (λ0,5

1 ). The dashed circles indicate the radiation-convection limits.

Fig. 3. Upper panel: (left) toroidal magnetic field strength in colorscale and normalized isocontours of the poloidal flux function Ψ in meridional
cut in the Ap star’s case where the field is confined between Rc1 = 0.111 R∗ and Rc2 = 0.992 R∗ for the first equilibrium configuration (λ0,1

1 ); (right)
anisotropy factor γ (Eq. 88). Lower panel: normalized isocontours of the flux function Ψ in meridional cut (left) for the third possible eigenvalue
(λ0,3

1 ) in the same case, (right) for the fifth possible eigenvalue (λ0,5
1 ). The dashed circles indicate the radiation-convection limits.
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•RGB plot converted into CMYK 
by the editor
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Fig. 2. Upper panel: (left) toroidal magnetic field strength in colorscale and normalized isocontours of the poloidal flux function Ψ in meridional
cut in the solar case where the field is buried in the radiative core (below 0.726R∗) for the first equilibrium configuration (λ0,1

1 ); (right) anisotropy
factor γ (Eq. (88)). Lower panel: normalized isocontours of the flux function Ψ in meridional cut (left) for the third possible eigenvalue (λ0,3

1 ) in
the same case, (right) for the fifth possible eigenvalue (λ0,5

1 ). The dashed circles indicate the radiation-convection limits.

Let us emphasize here that the original approach of this
work first consists in deriving the Grad-Shafranov-like equation
adapted to treating the barotropic magnetohydrostatic equilib-
rium states for realistic models of stellar interiors. Such an ap-
proach has already been applied to investigate the internal mag-
netic configurations in polytropes and in compact objects such as
white dwarfs or neutron stars (see e.g. Monaghan 1976; Payne
& Melatos 2004; Tomimura & Eriguchi 2005; Yoshida et al.
2006; Haskell et al. 2008; Akgün & Wasserman 2008; Kiuchi
& Kotake 2008).

Then, the obtained arbitrary functions are constrained with
deriving minimal-energy equilibrium configurations for a given
conserved mass, azimuthal flux, and helicity that generalizes the
relaxation Taylor’s states to the self-gravitating case where the
field is non-force free.

5. Links between the field’s helicity, topology,
and energy

5.1. Helicity vs. mixity

Let us express the magnetic field (B) in terms of magnetic stream
functions ξP (for the poloidal component of the field) and ξT (for
its toroidal part):

B = ∇ × [∇ × [ξP (r, θ) êr
]
+ ξT (r, θ) êr

]
. (61)

Next, the vector potential A is given by the relation B = ∇ × A.
Knowing that the gauge choice is inconsequential in the confined
case, we can identify without further ado

A = ∇ × [ξP (r, θ) êr
]
+ ξT (r, θ) êr. (62)

The magnetic stream functions are then projected on the spheri-
cal harmonics

ξP (r, θ) =
∑

%>0

ξ%0 (r) Y0
% (θ) , (63)

ξT (r, θ) =
∑

%>0

χ%0 (r) Y0
% (θ) . (64)

From now on, we use Einstein summation convention where
A% B% =

∑
% A% B% and the vectorial spherical harmonics basis(

R0
% (θ) , S0

% (θ) ,T0
% (θ)
)

such that any axisymmetric vector field
u(r, θ) can be expanded as

u(r, θ) = u%0(r) R0
% (θ) + vl0(r) S0

% (θ) + w%0(r) T0
% (θ) , (65)

where the vectorial spherical harmonics R0
% (θ), S0

% (θ), and T0
% (θ)

are defined by

R0
% (θ) = Y0

% (θ) êr, S0
% (θ) = ∇SY0

% (θ) , T0
% (θ) = ∇S × R0

% (θ), (66)

the horizontal gradient being defined as ∇S = êθ ∂θ (cf. Rieutord
1987). Since

∇ × (ξP êr
)
= ∇ ×

(
ξ%0 Y0

% êr

)
= ∇ ×

(
ξ%0 R0

%

)
=
ξ%0
r

T0
% , (67)

we get from Eq. (62)

A = χ%0 R0
% +
ξ%0
r

T0
% . (68)

On the other hand, we have

B =
% (% + 1)

r2 ξ%0 R0
% +

1
r
∂rξ
%
0 S0
% +
χ%0
r

T0
% , (69)
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;-(;-)

Be careful with RGB vs. CMYK printed plots



• Session launch basics … In a X-terminal : 
>idl   <RETURN>

IDL> a=… 

a= 1.0e-8 creates a floating point scalar
a = 3.0d10 creates a double-precision floating point scalar
a = [1,2,3] & a = [a,4,5] creates and then expands an integer vector 
IDL> help, a    displays ´a´ properties
IDL> print, a  displays ´a´ value
IDL> a=findgen(3) similar to a=[1,2,3] where a[0]=1, a[1]=2 and a[2]=3
IDL> a=findgen(50) & f= Sin(a)

IDL> plot, f

IDL> exit
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• Write and compile a program e.g. ‘plot.pro’, using your prefered 
editor (vim):
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http://www.astro.virginia.edu/class/oconnell/astr511/IDLguide.html

• Remember: 
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IDL> plot_IO

IDL> oplot

• Additional files: 
nimp.pro & fimp.pro

legend.pro

colors.pro

colorbar.pro

-> Log plot
-> overplot

-> open & close a PS file. Useful option : paper
-> draws a legend
-> provides nice colors for the lines (good on hte 

screen and printed)
-> to draw a colorbar e.g. besides a contour plot

http://www.stsci.edu/hst/training/events/IDLTopics/SSD98IDL/IDL_plotting2.html

• Some tutorial links

http://www.astro.virginia.edu/class/oconnell/astr511/IDLguide.html
http://www.astro.virginia.edu/class/oconnell/astr511/IDLguide.html
http://www.stsci.edu/hst/training/events/IDLTopics/SSD98IDL/IDL_plotting2.html
http://www.stsci.edu/hst/training/events/IDLTopics/SSD98IDL/IDL_plotting2.html

