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Abstract. The state of the art for dynamo models in spiral galaxies is 
reviewed. The comparison of numerical models with special properties 
of observed magnetic fields yields constraints for the turbulent diffusivity 
and the a-effect. The derivation of the turbulence parameters from the 
vertical structure of the interstellar medium gives quite reasonable values 
for modelling the regular magnetic fields in galaxies with an a2fi-dynamo. 
Considering the differences of the turbulence between spiral arms and 
interarm regions, the observed interarm magnetic fields are recovered in 
the numerical models due to the special properties of the a2f2-dynamo. 

The first kinematic models for galactic dynamos in an ellipsoidal geome
try were presented by Stix (1978) and White (1978). Deinzer et al. (1990) 
investigated numerical models in a torus geometry. Elstner et al. (1990) intro
duced the concept of non-sharp boundaries, describing galaxies by diffusivity-
and a-profiles. With a similar approach Donner & Brandenburg (1990) pre
sented dynamo excited magnetic field configurations and calculated the polar
ized emission. In a series of kinematic models for different galaxies Elstner et 
al. (1992) found only axisymmetric solutions. The observed pitch angles could 
only be reproduced with models where a is of the order of 10 k m s - 1 and the 
diffusivity about 1 kpc2 Gyr - 1 . Under these conditions the dynamo operates in 
an a2fi-regime, which results in a stationary quadrupole. In order to explain 
observations of vertical fields above the disk of NGC4631, models with more 
elaborated turbulent coefficients and additional mean velocity terms like wind 
flows were studied (Brandenburg et al. 1993; Elstner et al. 1995). The explana
tion of the bisymmetric field in M81 was still an unresolved problem. With the 
first 3D models Moss et al. (1993) gave a possible explanation with the com
bined effect of a bisymmetric seed field, nonaxisymmetric turbulence and mean 
flow caused by an encounter with a companion. Including spiral flows in their 
models Panesar, Moore & Nelson (1993) found magnetic field concentration in 
the spiral arms. Energetic arguments prefer supernova explosions as driver for 
the turbulence. Ziegler (1996) first calculated the turbulent coefficients and the 
back reaction of the mean field in such a scenario. The results were similar to 
that derived with SOCA. Later models with quenching of the diffusivity (Elst
ner et al. 1996) had problems in explaining the saturation of magnetic fields 
at equipartition. The nonlinear problem is still under discussion and possibly 
magnetic instabilities should be considered as another source for turbulence. 
Nevertheless already the kinematic solutions agree quite well with observations. 
All nonlinear effects considered in the models do not qualitatively change the 
magnetic field structure. Magnetic arms between optical arms as observed in 
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NGC6946 could be understood mainly due to different diffusivities in arms and 
interarm regions (Rohde et al. 1999). Recent models with more realistic spiral 
velocities obtained from hydro-simulations show a clear connection of magnetic 
field structure with the spiral structure of the gas (Elstner et al. 2000). With a 
similar technique magnetic fields in barred galaxies also have been investigated 
(Otmianowska-Mazur et al. 1997; Moss et al. 1999). Because no variation of the 
turbulence velocity u' is observed in NGC6946, different turbulence properties 
in arms and interarms can only be due to the correlation length I and correlation 
time T. Assuming larger structures in the arms (super-bubbles) combined with a 
larger r , a larger dynamo number D = CaCn — C"2 = ft2H2/u' - r 2 f i 2 results in 
the interarms for the a2fi-dynamo. Taking the observed rotation 0 and v! at the 
midplane and calculating the vertical structure by assuming a vertical density 
stratification as in our galaxy, T remains as the only free parameter. With an 
azimuthal variation of r from 10 to 20 million years a good agreement with ob
servations is achieved (Rohde et al. 1999). Spiral flows from hydro-simulations 
give enhanced magnetic arms in the optical arms. Both effects together should 
explain the zoo of magnetic fields in real galaxies. 
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