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Abstract

This thesis presents a study of escape probability and absorption factor techniques
for describing the effects of opacity on atomic population structure and emergent spec-
tral line intensities in the context of solar atmospheric plasmas. These techniques are
presented and used in conjunction with data from the SUMER spectrometer onboard
the SOHO spacecraft from which values of optical depth are directly extracted. From
these, spectral lines of C 11 and C 111 are classified according to their disk centre and
limb optical depths and also according to the influence of opacity on the upper level
population density of each line.

Escape probability quantities are then used with the SUMER data to assess the
applicability of simple stratified atmosphere models in describing spectral emission
from the highly inhomogeneous solar transition region.

Following this, the assumptions underpinning the escape probability and absorp-
tion factor methods are comprehensively addressed to test the validity of the escape
probability expressions and to develop them for use within non-stratified models which
include plasma flow and line blending. It is found that for moderate optical depths
(To <~ 10) the escape probability is an effective tool for accurately describing the
effect of opacity on emergent spectral line intensities. Furthermore it is found that
they may be used to extract optical depths directly from observational data indepen-
dently of preconceived atmosphere model ideas. The analysis enables the detection
of unresolved spicule-like structures at the solar limb.

Stratified models are re-addressed with the inclusion of line blending and instru-
mentally scattered light and it is found that they can be effective in predicting ob-

served spectral emission at the solar limb.
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