Sunspots tend to emerge with the leading polarity located nearer the equator. The slight tilt of the sunspot bipolar region to the east-west direction is a mildly increasing function of the latitude of emergence as shown in the scatter-plot, top figure at left, for 24,701 observed sunspot groups (Fisher, Fan and Howard 1995). This phenomenon is explained in the middle figure on the left showing the model calculation of Fan, Fisher and McClymont (1994). Sub-figure (a) shows a polar view of an initial thin flux rope as a Sun centered ring located at 5^o latitude at the base of the convection zone taken to be about 1/5 of a solar radius beneath the solar surface. Perturbations cause a part of the flux rope to rise into the convection zone with a tendency for the rising part to migrate poleward and to tilt out of the plane of the initial ring in consequence of magnetic buoyancy and the Coriolis force. In the polar view in (b), the 5 solid curves show the displaced part of the ring at successive instants of time. These solid curves are shown in perspective in (c) viewed from a line of sight 5^o above the solar equator, to show the development of poleward migration and tilt. The bottom perspective figure shows a rising flux rope taken from an independant model calculation for a similar flux rope process (Caligari, Moreno-Insertis, and Schussler 1995).

Plate 6 Sunspots and Magnetic Flux Emer gence

Tilt angle α(degr ees) sine (Θ)

0.0 0.2 0.4 0.6 0.8

100

50

0

-50

-100

(a) (b) (c)

..