
    
      Fig. 3. 
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        Ambipolar coefficient in units of m2 s−1 as calculated from a two-fluid model (blue line) and the coefficient used in the simulations (orange line).

      

    

  
    
      Fig. 5. 
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        Profile of vertical velocity along the green lines shown in Fig. 4, for the three cases shown there.

      

    

  
    
      Fig. 7. 
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        Snapshots of vertical velocity for plane wave case P in the MHD case (top row) and ambipolar case (bottom row) at three different moments. We note the difference in interference patterns, which is almost absent for the ambipolar case.

      

    

  
    
      Fig. 10. 
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        Vertical cuts at x = 0 for the vertical velocity, for both the MHD and the ambipolar runs from Figs. 7–9. Left: plane wave case P. The vertical dot-dashed gray line located at the height z = 1.3 Mm marks the equipartition layer. Right: fast plane wave case P-f.

      

    

  
    
      Fig. 11. 
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        Comparison of the analytical results when the angle between the magnetic field and the direction of propagation is varied, corresponding to the cases shown in Figs. 7–9. Left: solutions 3 and 4 for the real part of the vertical wavenumber kz corresponding to the cases P (θ = 25.8°), and G (θ = 45°), as well as Solution 3 for case P-f (θ = 84.2°). The vertical dot-dashed gray line at z = 1.3 Mm, which is also present in left panel of Fig. 10, marks the equipartition layer. The vertical dotted black line at z = 1.85 Mm shows the reflection height. Right: solution 3 for the imaginary part of the vertical wavenumber kz corresponding to the three cases P (θ = 25.8°), G (θ = 45°) and P-f (θ = 84.2°), for both MHD and ambipolar cases. The points where the imaginary part diverges in the ambipolar case compared to the MHD case are indicated with markers in the panel.

      

    

  
    
      Fig. 12. 
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        Vertical cut at x = 0 for the vertical velocity for plane wave case P-a (left panel) and P-as (right panel). The upward fast (FU) and the slow (S) components are indicated in both panels. We compare MHD (black solid lines) with the ambipolar (orange dashed lines) case.

      

    

  
    
      Fig. 13. 
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        Vertical cut at x = 0 for the vertical velocity, for both MHD and ambipolar cases. Left: case P-p, upward fast (FU) and slow (S) components. Right: P-pf.

      

    

  
    
      Fig. 14. 
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        Vertical cuts at x = 0 for the vertical velocity for the simulation P-b at two different times (note the changing axis scales). This can be compared with the weaker field strength case from Fig. 10, left panel. The equipartition height is shown by a vertical light blue dotted line located at z = 0.85 Mm in both panels. Right panel: the vertical dotted dark blue line located at z = 1.42 Mm indicates the reflection height of the fast component. The wave modes: upward fast (FU), slow (S), and downward fast (FD) present in each of the regions are indicated in the panels.

      

    

  
    
      Fig. 15. 
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        Relevant solutions (3 and 4) of the local dispersion relation for the real (left) and imaginary (right) part of the vertical wavenumber kz corresponding to the cases P (B0 = 17.4G) and P-b (B0 = 52.3). The MHD solutions are indicated by solid lines in both panels. Left panel: the reflection heights for the fast component are indicated by black and blue vertical dotted lines for P and P-b, respectively. The equipartition heights are shown with a gray and light blue vertical dot-dashed lines for P and P-b, respectively. Right panel: we also show Solutions 3 and 4 for the ambipolar cases with dashed lines. The points where the ambipolar and MHD Solution 3 (fast modes) diverge are indicated by the markers for both P (black marker) and P-b (blue marker) cases.

      

    

  
    
      Fig. 16. 
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        Snapshots of the vertical velocity for the simulation 2G, the MHD case (upper panels) and ambipolar case (bottom panels) taken at three moments in time.

      

    

  
    
      Fig. A.1. 
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        Case P: four solutions of the dispersion relation for the MHD case in the three approximations: local dispersion relation, self-adjoint operator, approximate dispersion relation. Right panels: zoom in the left panels for the limits shown as red ticks on the right axis of the left panels.
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