
Appendix II
Chapter 3

A Corotating Cartesian Schwarzschild Coordinates

The line element of the Schwarzschild coordinates in standard spherical coordinates (t, r, ◊, „)
can be written as,
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With the following transformations,

x = r sin ◊ cos(„ ≠ ⌦t) (II.2)
y = r sin ◊ sin(„ ≠ ⌦t) (II.3)
z = r cos ◊ (II.4)

(II.5)

the covariant components of the cartesian corotating Schwarzschild metric can be written
as,
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gtx = gxt = ≠y ⌦ (II.7)
gty = gyt = x ⌦ (II.8)
gtz = gzt = 0 (II.9)

gxx = 1

1 ≠ 2M
r

3
1 ≠ 2M

r3
(z2 + y

2)
4

(II.10)

gyy = 1

1 ≠ 2M
r

3
1 ≠ 2M

r3
(z2 + x

2)
4

(II.11)

111



104 Chapter 3

II

gzz = 1

1 ≠ 2M
r

3
1 ≠ 2M

r3
(x2 + y

2)
4

(II.12)

gxy = gyx = xy

1 ≠ 2M
r

3
2M

r3

4
(II.13)

gxz = gzx = zx

1 ≠ 2M
r

3
2M

r3

4
(II.14)

gyz = gzy = yz

1 ≠ 2M
r

3
2M

r3

4
(II.15)

Here ⌦ is the angular corotation frequency. In our simulations, this is always set to ⌦star.

B Azimuthally averaged Theta profiles

Figure II.1: ◊ profiles of different quantities for ‰star = 0
¶ (blue) and 90

¶ (red). Panel (a) shows the time evolution
of the quantities at the stellar surface. Panel (b) and (c) show the time evolution at 50rg in the regions with ‡ > 1.
The dotted, dot-dashed lines in (a) show ÈBr2Í„ at t œ [0, 20000]rg/c. The solid and dashed lines in panel (b) and
(c) show ÈBr2Í„ at t = t0 and ÈT

r
t,EMÍ„ respectively. Here t0 = 200rg/c (b) and t0 = 20000rg/c (c).

Figure II.1 shows the time evolution of the azimuthally averaged quantities at the stellar
surface and in the jet for two different magnetic inclinations. Blue curves show ‰star = 0

¶

and red curves show ‰star = 90
¶. The dotted and solid lines in panel (a) show ÈBr2Í close to

the surface at initial (t = 0) and later times (t = 20000rg/c) respectively. Due to the frozen
in magnetic boundary conditions, the stellar flux ÈBr2Í at the surface stays nearly constant
throughout the simulation. Panel (b) and (c) shows ÈBr2Í (solid lines) and ÈT r

t,EM Í (dashed
lines) in the wind and the jet at an intermediate time (t = 200rg/c) and after reaching a
steady state (t = 20000rg/c). At t = 200rg/c, the profiles follow the isolated wind solution
except for the equator. The extended cut in the angular profiles is due to the presence of an
equatorial disk. Finally, after disk-induced collimation of the open flux, ÈBr2Í has an almost
constant angular profile in the jet.

C Star-disk magnetic interaction

Figure II.2 sketches the temporal evolution of the magnetic interaction between the star and
the disk. The upper panel (a,b) show the magnetic field configuration at the initial state and
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Figure II.2: Stellar and disk magnetic field interaction for ‰star = 0
¶ (left) and ‰star = 90

¶ (right). The upper panel
shows the initial magnetic field and the lower panel shows the interaction at an intermediate time. The blue and
red lines in the lower panel show the fieldlines in the upper and lower jet respectively. The magnetic reconnection of
fieldlines with opposing polarity is indicated by the purple and green boxes. The purple box represents the reconnection
of the initially closed stellar zone, while the green box represents reconnection of the initially open stellar fieldlines. The
dotted lines in panel (c) represents the newly open fieldlines as a result of reconnection of the stellar closed zone. The
dashed lines in panel (d) show how the initially open fieldlines in the lower right and upper left get re-arranged by the
disk due to magnetic reconnection. The accretion column has a shifted position as a consequence of the re-arrangement
of polar field lines.
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the lower panel show the flux rearrangement due to the accretion disk. The color code of
the open flux is the same as mentioned in Figure 3.4. In the aligned case (‰star = 0

¶, left
panels), the opposite polarity magnetic loops in the disk gets reconnected with the initially
closed stellar flux leading to enhanced flux in the jet. The newly opened fieldlines are shown
with the dotted lines. In the orthogonal case (‰star = 90

¶, right panels), while some of the
initially open stellar flux (dashed lines in panel d) get pushed into the jet, most of them gets
absorbed by the disk. Open fieldlines from the right pole gets pushed into the upper jet and
ones from the left pole gets pushed into the lower jet. Disk induced opening of the stellar
closed zone via magnetic reconnection leads to additional open flux (blue ones from the
upper closed zone and red ones from the lower closed zone).
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