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Abstract. The plasma-laser star model for quasars, which is based on the hypotheses that there is no 
red shift in the spectra of quasars and that the strength of the emission lines is due to laser action, is 
further developed. Continuity is shown to exist between the spectra of 0 VI sequence planetary nuclei, 
Sanduleak stars, and 10 quasars. The 0 VI 11381 1, 3834 and He n 14686 emission lines in the spectra 
of these 10 quasars are identified. Candidate identifications for other quasar lines are also suggested. 
Making use of the similarity between the spectra of 0 VI sequence planetary nuclei and those of the 
10 quasars, absolute magnitudes, temperatures, and masses of these quasars are estimated. The 
distribution of quasars in galactic coordinates is also discussed. Three predictions are made. 

1. Introduction 

The conventional interpretation of the spectral lines observed in quasars is based on 
the red-shift hypothesis. We have proposed an alternative explanation (Varshni, 1973, 
1974a, b, 1975a) 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). The term 'no red shift' here, of course, refers 
to the large red shifts claimed to occur in the spectra of quasars. Very small red shifts, 
z < the type encountered in galactic stars, could certainly be present in the spectra 
of quasars. 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 situa- 
tion is somewhat similar to that of the Wolf-Rayet stars, for which our knowledge of 
their chemical composition has been improving with years 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. 

The proposed model resolves many of the enigmas commonly associated with 
quasars, and is consistent with various pieces of evidence (Varshni, 1974b, c, 197% b, 
1976a, b). Varshni and Lam (1976) have presented model calculations for laser action 
in He 11 3,4686 within the framework of the PLS model. 

In the present paper we further develop the thesis that the quasars are stars. We 
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demonstrate the continuity of the spectra of ten quasars with those of 0 VI sequence 
planetary nuclei and stars. Although the present paper deals with this particular 
spectral class of quasars, certain general problems concerning the spectral classification 
of quasars are also discussed. We identify 0 VI A1381 1, 3834 and He 11 A4686 emission 
lines in the spectra of these ten quasars. Candidate identifications for other quasar 
lines are also suggested. Making use of the similarity between the spectra of 0 VI 

sequence planetary nuclei and those of the ten quasars, we estimate the absolute 
magnitudes, temperatures and masses of these quasars. The distribution of quasars 
in galactic coordinates is also discussed. Three predictions are made. 

2. 0 VI Sequence Planetary Nuclei and Stars 

A line at about 3815 A in Wolf-Rayet (W-R) spectra has been known since the work 
of Wright (1918). Beals (1930) observed two lines, A3815 with intensity 3, and A3835 
with intensity 2. These two lines were identified by EdlCn (1932, 1933) and Payne 
(1933) as being due to 0 VI, which has a doublet A1381 1.35, 3834.24 arising from the 
transition 3's-3'P0. The theoretically expected ratio of the intensities of the two 
lines is 2: 1. In Table I we summarize the wavelengths, intensities and proposed 
identifications for two lines near AA3811, 3834 as given by a number of workers. In 
the spectra of classical W-R stars, the 0 VI lines usually occur in the WC class and 

TABLE I 

0 VI emission lines in Wolf-Rayet spectra 

Author(s) Star Wave- Intensity Proposed identification 
length (arbitrary 
(A) units) 

Wright (1918) 
Plaskett (1 924) 
Beals (1930) 

Aller (1943) 

Smith (1955) 

Underhill (1959) 

Aller and 
Faulkner (1964) 

y, Velorum 

comparable 

21.6 
medium 
medium 
3 .O 
2.8 
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are relatively weak. We must note here, however, one important exception. There 
is a very interesting WN3 star, HD 104994 ('strangest of all', in the words of Kuhi, 
1968), which shows 0 VI AA3811, 3834 (Smith, 1955). This star represents the state of 
highest excitation among the WN stars. 

Aller (1 948) found 0 VI emission lines in the spectrum of the central star of NGC 246. 
Greenstein and Minkowski (1964) investigated the spectra of the central stars of a 
number of planetary nuclei. They found two of them, A30 and A78 (Abell, 1966), to 
be of special interest. The 0 VI doublet is very strong in these stars and two other 
strong lines are observed, LA4686 and 4650. The latter line was identified with C IV 

A4658 (this is inferred from the fact that they refer the excitation potential for the line 
to be 58 eV). Also, the intensity of this line was found to be variable. Greenstein and 
Minkowski (1964) give two spectrograms of A78; on the first one A4650 is strong, 
but on the second it is quite faint. These authors also note that 'several plates of 
Abell 78 fail to show [N 111 or even Ha'. 

The curious behaviour of the relative intensities of A4650 and A4686 in classical 
Wolf-Rayet spectra has been known for the last 50 years (Plaskett, 1924). Plaskett 
(1924) was struck by the remarkable variations in the relative intensities of these two 
lines and noted 'The ratio of 4650 C +  to 4686 He+ is also peculiar, as the marked 
discontinuity at the third group where the ratio abruptly increases tenfold distinctly 
shows. Examination of the spectra clearly indicates that this is almost entirely due to 
the sudden increase in the strength of the carbon band. Even supposing the interval 
between the second and third groups to be greater than between the earlier ones, still 
the change in the strength of enhanced carbon at 4650 is more abrupt than shown by 
any other element and there must be some physical reason which makes ionized carbon 
behave in this unique manner.' Such variations can be readily understood on the basis 
of laser action (Varshni, 1975a; Varshni and Lam, 1976). 

Subsequent investigations by Smith and Aller (1969) showed that in the emission- 
line spectra of certain planetary nuclei 0 VI lines attain great strengths, indeed, in 
some cases these are the strongest lines in the spectrum. These authors classified the 
emission-line spectra of planetary nuclei in five classes - one of these is called the 
'0 VI sequence'. The defining characteristic of this class is the presence of emission 
lines due to the 0 VI doublet AA3811, 3834 among the strongest lines in the spectrum. 
In addition, emission lines C IV A4658 and He 11 A4686 are also present and are usually 
of comparable intensity to the 0 VI lines. An infrared photometric survey of 10 of the 
12 planetary nebulae in Smith and Aller's list, which have 0 VI sequence nuclei, has 
been carried out by Cohen and Barlow (1974). Four of them were found to have an 
infrared excess. 

We list these 12 planetary nuclei in Table I1 (category A) in order of increasing 
strength and width of 0 VI lines (as arranged by Smith and Aller, 1969). The widths 
of the emission lines range from about 40 A (e.g., NGC 7026 and NGC 51 89) to about 
1 A (NGC 246); when the lines are broad, the two components of the 0 VI doublet are 
blended together, as are the He 11 A4686 and C IV A4658 lines. In Table I1 for each 
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