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The plasma-laser star (PLS) model for quasars proposed by the author. is applied to explain the
absorption spectra of quasars. The following topics are briefly reviewed (a) Shell stars, especially
i Cas. The role of metastable states. He 1 13889. (b) High Rydberg states. (c) Multiplv-excited
states of atoms (and ions) which lie above the first ionization potential. especially the Wu states
(metastable states which cannot autoionize by Coulomb interactions or decay radiatively.
Prototype: 1s2s2p *P state of the Li I sequence). (d) Dielectronic recombination. The expected
shell spectrum of a quasar on the basis of the PLS model is compared with the observational
data. The absorption lines arising from ordinary excited levels will be very weak as these levels
will be strongly underpopulated (b, < 1). The populations of metastable levels below the first
ionization potential and those of the Wu levels will be enhanced due to the dilution of stellar
radiation. Consequently. lines arising from these levels are expected to be prominent, Those
arising from the Wu states will be difficult to identify as very few of these have been observed in
the laboratory. The difficulties in the identification, of observed lines due to the blending of
lines and due to the rather large uncertainties in the measured wavelengths are discussed. The
presence of He [ 43889 in the spectra of PHL 9571331 + 170.4C 25.05. PHL 5200. PKS0237-23,
and 1158 + 122 is noted. A very reasonable explanation of the absorption “hole™ at ~4020 A
in the spectrum of PHL 957 is that it is due to a transition from a Wu level to an autoionizing
level. Also. there is no need of assuming redshifts in the spectra of two BL Lac objects. namely,
0725 + 178 and AO 0235 + 164.

I INTRODUCTION

The conventional interpretation of the spectral lines observed in quasars is
based on the red shift hypothesis.! However, it has raised many more questions
than it has solved. We have proposed an alternative explanation?~* which
is based on sound physical principles and is free of any basic difficulty. The
essential ingredients of the new explanation are: (1) There is no red shift, and
(2) The strength of the emission lines is due to laser action (more specifically,
due to amplified spontaneous emission). Further. it is assumed that the
chemical composition of the emission region of quasars is approximately
the same as that of normal stellar atmospheres. This assumption is merely a
first approximation and a convenient starting point. As our knowledge of
quasars improves, this assumption can be suitably modified. The situation is
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somewhat similar to that of the Wolf-Rayet stars, for which our knowledge
of their chemical composition has been improving with time but is still
far from a satisfactory state. These hypotheses lead to the following picture
of a quasar: it is a star in which the surface plasma is undergoing rapid
radial expansion giving rise to population inversion and laser action in some
of the atomic species. We call this model the plasma-laser star (PLS) model.
Varshni and Lam® have presented model calculations for laser action in
He I1 44686 within the framework of the PLS model.

The proposed model resolves many of the enigmas commonly associated
with quasars, and is consistent with various pieces of evidence*>"~1% It is
readily seen that if there is no redshift, the difficulties associated with the
intrinsic radiation properties and the short-term variability of quasars all
disappear. The absence of redshift also readily explains the scatter diagram
nature of the apparent magnitude-redshift plot for quasars, and it will also
resolve the four paradoxes of Kellermann.'! We have also shown'? that
there is a continuity in the optical spectra of ten quasars and those of O VI
sequence planetary nuclei and stars. A detailed comparison suggests that
there is some relationship between quasars and planetary nuclei. This, in
turn, suggests that the proper motions of these two types of objects may be
comparable. Proper motions of a few quasars have been discussed by Luyten
and Smith!3 and Sanders.!* Luyten'’ has determined the proper motions
(absolute) of 951 faint blue stars. We have searched!® for quasars in Luyten’s
list and have found that there are 30 quasars, in addition to those considered
in Refs. 13 and 14, for which proper motions are known. The proper
motions of those 30 quasars were calculated from their component
values. There are three quasars which have proper motions comparable
to the largest value amongst planetary nuclei. These three quasars and
their respective proper motions (in yr~') are PHL 1033: 07049 + 07013,
LB 8956: 07061 + 07018, and LB 8991: 07050 + 07018. These values may
be compared with the largest proper motion reported up to now for a
planetary nebula, which is 07040 + 07003 yr~' for NGC 7293 (believed
to be the nearest planetary nebula). The distance of NGC 7293 is estimated
to be 212 pc;'” from this it would be reasonable to estimate that the quasars
PHL 1033, LB 8956 and LB 8991 lie within a few hundred parsecs from the
sun.

It is thus seen that the available evidence clearly substantiates our hypoth-
esis that quasars are stars. In the present paper we wish to consider the
absorption spectra of quasars. At present. absorption lines are known to
exist in the spectra of some 50 or so quasars. About half of them show a rich
absorption line spectrum. Such spectra have been interpreted in the redshift
hypothesis by assuming multiple redshifts. Varshni’® has discussed the
spectra of the quasar 4C 05.34 in detail and has shown that the number and
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properties of the proposed absorption redshift systems are insignificantly
different from those that would be expected from chance coincidences.

The absorption lines which occur in the spectra of quasars can be con-
veniently classified in three categories.

a) Sharp and deep absorption lines. These types of lines are the most com-
mon ones, especially in the spectra of those quasars which show many
absorption lines. Two sample quotations are relevant. Greenstein and
Schmidt,!® for the absorption spectrum of PKS 0237 — 23 note “The lines
are sharp and deep, resembling those in a cool or shell star, rather than, say,
a B star”. Burbridge et al.!® state: “Most of the absorption lines in Ton
1530, PKS 0237 — 23, and PHL 938 are very narrow”. The tracings of
absorption spectra of quasars, published in more recent investigations,
amply confirm the foregoing observations.

b) Very wide (~30 A) absorption lines. Two good examples of this
category are an absorption line extending approximately from 4000 A to
4044 A in PHL 957 (Refs. 20-22) and a very broad line at ~3370 A in
1331 + 170 (Refs. 23, 24). There are two other lines which appear to belong
to this category. Schmidt?® has recorded a strong absorption line, about
30 A wide, at 3585 A in 1116 + 12. A tracing of the spectrum of this quasar
may be found in Bahcall et al.2® Lynds?’ reports a broad, about 20 A,
absorption feature at 5818 A in PHL 658.

¢) P Cygni lines, i.e., emission lines accompanied by shortward displaced
absorption lines. Such lines have been found to occur in several quasars.
Three lines in PHL 5200 provide beautiful examples; the boundary between
the emission and absorption components being rather sharp.2® The quasar
RS 23 also shows three lines with P Cygni profiles.?®

Our aim in this paper is to provide a broad outline of the type of absorption
spectra that we expect from the PLS model for quasars. To prepare the
ground work, we shall first briefly review four topics in the next four sections.

Il SHELL STARS

Occasionally an early type emission-line star may exhibit a series of strong
and sharp absorption lines, such a spectrum is described as a shell spectrum.°
A description of a typical shell spectrum may be found in Merrill.>! Partial
lists of stars with shell spectra have been provided by Merrill*! and Merrill
and Burwell.*?

Shell absorption spectra have been observed for stars from spectral type
AS 11T (14 Com) to BOe (7 Cas). There is some evidence for a shell of small
extent in an O7f star (9 Sge**). Most of the work has been limited to a few


























































