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Appendix A

This appendix contains additional material that supports the research and analysis pre-
sented in the Chapter 4 of this thesis. In this section, we highlight the salient features
of the polar field behavior obtained in a 2D model incorporating the Babcock—Leighton
« effect and in the 3D STABLE model with a single BMR placed at 15° latitude in the
northern hemisphere. The time-latitude plots in Figures A.1 and A.2 reveal that the radial
field first increases and then slowly decreases due to the supply of more leading (opposite)

polarity flux towards the pole. Finally, it tends to saturate.

Notably, Figure A.1 clearly shows that as the meridional flow speed increases, the polar
field strength also rises, primarily driven by the movement of trailing polarity flux toward
the pole. On the other hand, in the STABLE model, as shown in Figure A.2, an increase
in flow speed enhances the efficiency with which the trailing polarity flux is dragged
toward the pole, leading to a significant increase in polar field strength. However, further
increases in meridional flow cause both leading and trailing polarity flux to be directed

toward the pole, ultimately resulting in a decrease in the polar field.
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Figure A.1: Time-latitude plot of the radial field from the 2D model with Babcock—
Leighton a for (a) vo =4 ms~! and (b) vo =28 m s~
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Figure A.2: Time-latitude plot of the radial field from the 3D STABLE model with a single
BMR for (a) vjg =4 ms™!, (b)vy=8ms !, and (¢) vy =28 ms L.
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Appendix B

This appendix contains additional material that supports the research and analysis pre-

sented in the Chapter 7 of this thesis.

The meridional flow is obtained from the following analytical form.

R 2 —1 C1 Co
(r,0) = vy [ mo 2
or(r.6) U°<r> [m+1+2m+1€ 2m +p+ 1
5[200328—sin2 9}

gy

3
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Here m = 0.5, p = 0.25, vy = 10 m s™!, and r, = 0.62R;. The boundary conditions are

exactly taken from Chatterjee et al. (2004) and thus we do not repeat those here. For the

initial magnetic field, we take

A=0 and
m(r— 0.55R5)1

B = By sin(260) sin |:<Rs —055R,)

(B.4)
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Figure B.1: Left: Radial variations of o, and gy in m s~! at 45° latitude. Right: Latitu-
dinal variations of the same at r = 0.95R,. These are the profiles used in Set D; Eq. (7.12)
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Figure B.2: Variation of differential rotation (A(2) vs rotation period. The shaded area
indicates the transition region to anti-solar differential rotation.
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Figure B.3: Solid line: diffusivity profile n used in all the sets of simulations, except Set
E for which the profile shown by the dashed line is used.
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Figure B.4: Same as Fig. 7.5, but obtained from Runs E5, E17, E25, E32, E50 (top to
bottom).
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