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THE SPIRAL CONFIGURATION OF
SUNSPOT MAGNETIC FIELDS
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Abstract. Distributions of circularly and linearly polarized intensities are computed using an analytical
magnetic field model for an isolated sunspot, and these intensity distributions are compared with
observed intensities in all Stokes parameters in the A 5250 line measured with the Marshall Space
Flight Center’s vector magnetograph. The qualitative agreement between measured and calculated
linearly polarized intensity distributions is discussed with regard to implications as to the configuration
of the transverse magnetic field of the isolated sunspot.

1. Introduction

In early 1976 an extensive effort to optimize the Marshall Space Flight Center’s
magnetograph system was completed, and the operation of the instrument to
measure transverse magnetic fields was initiated. A description of this magnetog-
raph can be found in the NASA publication ‘Real Time Solar Magnetograph
Skylab Mission Atlas’ (Hagyard and Cumings, 1975). Although the final calibra-
tion of the vector magnetograph has just been completed, preliminary measure-
ments of linearly polarized intensities in the A 5250 line have been made for
several active regions over the past 6 months. Of particular interest are data
obtained for the large sunspot which was on the disk during the period 21 April to
3 May, 1976, Boulder number 700. On 27 April when the spot was at disk center
(and at 9° south heliographic latitude), Polaroid pictures were obtained showing
the distributions of circularly and linearly polarized intensities over the umbra and
penumbra of this spot; see Figures 1 and 2. In this paper we present a theoretical
calculation of polarized intensity distributions which would be measured by our
magnetograph system using an analytical model for the vector magnetic field of an
isolated sunspot, and we compare these calculations with the observed data for 27
April.

2. Theoretical Sunspot Model

The model of the vector magnetic field distribution which we considered initially
is the axisymmetric solution for a force-free magnetic field as developed by
Nakagawa et al. (1971). In cylindrical coordinates the field components are given
by

B, = B, cos tJ,(kr)e ?*, (1a)
By = By sin 7J,(kr)e ?*, (1b)
Bz = BOJO(kr)e_ﬁz ’ (].C)

where 7 is the angle between the transverse (B,, Bs) component of the magnetic
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