I ntroduction

Observation of the solar spedrum and explanation of its appeaance has been a
major field of study for many yeas. Observational techniques have advanced to the
point where acarrate high wavelength resolution solar atlases are available, allowing
individual spedral line profiles to be studied in detail. The basic principles of the
formation of the spedrum are well understood, and it is possble to cdculate the
expeded appeaance of spedra lines, alowing comparison between theory and
observation.

In this way, the solar spedrum has beacme avaluable tool for probing the sun.
It yields information on the state of the solar atmosphere; it has alowed the demicd
composition of the sun to be determined.

However, some physicd processs in the photosphere have proved resistant to
being investigated via the solar spedrum. It is difficult to obtain spedral
measurements with hgh spatial and time resolution, so small-scde and transient
phenomena ae lesswell understood. One such phenomenon is the solar granulation.
The granulation pattern is constantly changing, and its szeis such that its feaures are
a the limit of resolution. Granulation is aso difficult to trea theoreticdly, asit isa
particularly awkward problem in fluid dynamics.

While predicted spedral line shapes closely match observed line shapes, the
agreament is not perfed. Where the processes giving rise to the feaures are well
understood, the feaures of the line ae acarately predicted. Where the feaures are
strongly influenced by lesswell known fadors, the agreament obtained is less close.
The most important poorly known fadors are damping and massmotions.

Damping is a difficult quantum medhanicd and statisticd problem to solve.
Poor knowledge of damping has led to frequent avoidanceof it, such asthe use of very
wed&k spedra lines for abundance determinations as their equivalent widths are
relatively unaffeded by damping. In some case, damping can ke acaratdy predicted,

resulting in very good agreament between theory and observations.



2 Solar Line Asymmetries

Due to poor knowledge of photospheric mass motions, it is difficult to
acarately model the profiles of spedral lines, even in the caes where the damping is
known. Investigation of solar spedral lines $ows that they are asymmetric. This
asymmetry is snall, and is usually ignored. The asymmetry of spedral lines offers an
opportunity to study the processes that gives rise to it, namely photospheric motions,
using reaily avail able solar spedra.

This thesis thus consists of an investigation of photospheric mass motions and
their effed on spedral line shapes and asymmetries. Knowledge of mass motions
allows more acaratetheoreticd spedrd line profil es to be cdculated, with consequent
improvement in results derived from comparisons between theoreticd and observed
Spedra, such as observed damping constants and abundances. |If the way the solar
gpedrum is influenced by massmotionsis understood, massmotions on other stars can
be investigated smilarly. With better understanding of mass motions in the
photosphere, the conditions in the photosphere, and how they are influenced by the
solar interior can be better studied.

The problem of solar line asymmetries is discussed in Chapter 1: Solar Line

Asymmetries. The asymmetry of lines in the solar spedrum is investigated. Past
investigations of line asymmetries are discussed, and possble solutions to the problem
arelooked at. Asymmetriesin the spedra of other stars are compared to olar lines.

Chapter 2:  The Photosphere introduces the photosphere, and the overall

structure thereof. The @nditions within the photosphere ae discussed, with emphasis
on fadors affeding spedral lines, such as level populations and ionisation fradions.

The basic theory of radiative transfer is presented in Chapter 3: The Formation

of the Solar Spedrum, with emphasis on the formation of spedral linesin LTE (locd

thermodynamic equili brium).

Chapter 4. Damping discusses damping in detail. The problem of damping is

introduced, and the traditional approadies are discused. The problems with these
traditional treaments of damping are outlined, and more reliable methods, such as the
Bruedkner-O’'Mara theory are discused. As osme damping processes will give rise to
asymmetries in spedral lines, these processes are investigated. The usual treagment of
such asymmetric quasi-static damping is incorred; a arred theory is developed and
presented here in order to verify that quasi-static damping does not significantly affed
the asymmetry of solar spedrd line profil es.
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The cdculation of spedra line profiles for plane-paralel LTE cases is
discus=ed in Chapter 5. Spedra Synthess. Most spedral synthesis is done in this

manner. As Pedra synthesis requires knowledge of the opadty of the photosphere,
the calculation of such opadties is discussed in detall .

Granulation is discussd in Chapter 6: Granulation. Granulation is the main

photospheric motion studied in this thesis, and its properties are presented here, along
with the ways in which granular motionswill affed the solar spedrum.

Chapter 7: Modelling Granulation investigates the structure of granules, and

ways in which to feasibly model granules are studied. Both observations of granules
and numericad simulation of granulation and the results which have been obtained by
this means are compared to various granulation models. A smple parametric modd of
the photospheric granulation is developed.

Chapter 8: Synthesis of Asymmetric Spedral Lines investigates the successof

using granular models to predict the ssymmetry seen in solar spedral lines. Spedral
synthesis using the alopted parametric granular model is discussed, and the resultant
agreament between theoreticd and observed spedra is investigated, and compared
quantitatively with the agreament obtained using the standard model. An abundance
analysis using the parametric granular model is carried out and compared to the results
obtained using the standard plane-parallel model The horizontal motions associated
with the vertica motions in the disk centre model are determined, and are used to
determine theoreticd spedra for points away from (but close to) disk centre, which are
compared to observations. Asymmetriesin stellar spedra arealso considered.

The Conclusion then summearises the results obtained in this work, and
discusses the limits of such studies. Further extensions of thiswork are discussed.

Appendix A: Atomic Data - Measurement and Sources discusses the recesary

data needed for acairate spedra synthesis. The availability of acarrate data, and the
means by which it can be obtained are discussed.
An experiment designed to obtain some of this data, namely acarate line

strengths for wedk lines of interest, is presented in Appendix B:  An Automated

Spedroscope. The design and operation of such experimentsin general are discussed.
Appendix C: Data summarises the data used in thiswork.
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