Weeks 12 and 13, with Connie Walker
Overview of: Assignment 2 (due date: Tuesday, April 15)
Assignment 3 (due date: Saturday, April 19)

The Evolution of Sunspots: Changes in Morphology and Magnetic Field Strength
Over Time
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A series of images of the Sun taken at NSO (Sunspot, NM) during the period March
7-17 1989 shows the evolution of a sunspot group as it moves around the Sun. The
upper sequence, taken in white light, shows the more usual representation of the
solar surface. Below, the same sunspot region is followed from magnetogram
studies, where black and white regions show different magnetic polarity. The

correspondence between morphology and magnetic activity is evident.
(http://www.redorbit.com/images/gallery/sun/sunspot_march_717_1989/6/43/index.html)

Introduction and Motivation: Sunspots are the host of most solar eruptions because
of their strong and complex magnetic nature. They indicate the magnetic activity level of
the Sun. Detailed studies of sunspots not only are necessary for understanding the
basic principle of magnetic field evolution in the Sun, but also may provide clues on how
the energy builds up and is transported during solar eruptions.

The research question being asked at the McMath-Pierce solar telescope and
with the solar archival data:

What is the short and long term evolution of sunspots?

The way we are going to address the question is by studying sunspot morphology and
magnetic field strength on short (a few days) and long (a couple weeks) timescales.



Ultimately it is the study over timescales of years, which contributes best toward the
understanding sunspot evolution — a study your students may wish to undertake back in
your classroom!

Why are we interested in the question asked above?
Because solar scientists are interested in answering:
* How do pores form?
* What causes them to transform into sunspots or not?
* What causes the rapid formation of penumbra?
* How do sunspots decay?
* Is the surrounding flow field responsible for or the result of sunspot evolution?
* Do flaring active regions always show complicated flows?
* Does a correlation between flows and major flares exist?

(Depending on what kind of sunspot (or not) that we have at the time of observation this
summer, we might help to answer one of the questions above.)

Overview of Assignments 2 (due Tuesday, April 15) and Assignment 3 (due
Saturday, April 19)

* Assignment 2a: We will study archival integrated intensity (Linel) data and
magnetograms (Bgram) data of a sunspot region over a 2-week period. The
archival data consists of fully reduced “fits” images from September 16 — 30,
2000.

* Assignment 2b: Image J will be used on the integrated intensity data to examine
the differences in morphology as the sunspot region evolves by determining the
km/pixel ratio (measuring the width of the Sun), assessing the area of the
sunspot region, determining horizontal and vertical size of the sunspot region,
and plotting the relative intensity of the sunspot region along the vertical
direction. This will be done over the days that the sunspot region exists as it
moves across the Sun. The resulting quantities (area, size, maximum intensity)
will be plotted against time.

* Assignment 3: Image J will be used on the magnetogram data to examine the
changes in relative magnetic field strength of the sunspot region by plotting it
along the vertical direction. This will be done over the days that the sunspot
region exists as it moves across the Sun. The relative magnetic field strength of
the sunspot region will be plotted against time.



