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One hundred and fifty plates were measured for radial velocity using always the same 
lines both for the star (32 lines) and for the comparison spectrum; all but a few were 
measured twice, by the author and by Mr Lavagnino. The probable error of each final 
radial velocity was about 1-5 km./sec. The results are shown in Figs. 1 and 2. 

Spectral types were estimated on all plates by the author, using the criteria of the 
Atlas of Stellar Spectral for A stars; the spectrum was found to vary in a perfectly 
synchronous way with the radial velocity (Fig 3), the maximum velocity being coincident 
with the most advanced spectral type and vice versa. 

From the figures it is evident that the variation of the radial velocity curve is due to 
the fact that the amplitude and the period of the main variation are themselves variable 
with a period somewhat longer than three main cycles; it is clear that this is the beat 
period between two oscillations; the main variation (with a period of 0<»-iii6)<and another 
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with a shorter period. In order to find the length of the beat period, from the curves the 
phase 4>m was determined (relative to the main variation) at which the radial velocity 
reached its median value on the descending branch. The predicted times of the minima 
of the radial velocity curve have been computed by means of Hertzsprung’s formula 

W = 2426142-210 + 0-HI574F, 
valid for the fight maxima. 

It was found that the phases <t>m could be very well represented by means of the simple 
sine formula (see Fig. 4, upper half, dots), ' 

^m=-od-oi6-o<' -oi4cos2^ , 

where f, the phase of the beat period, is given by 

f = 2d-1-625(/.D.-2433291-417). 

The beat period is thus 00-38i. 
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between light and radial-velocity curves for both the main and the beat period is highly 
significant, although it cannot be commented upon here. 

The remarkable beat period of od-38 shows that the star is pulsating with two periods 
of about QO-ii2 and od-o86, the corresponding amplitudes being of thesame order. It is 
well known that many RR Lyrae variables show two periods which combine to give 
a beat period, which is, however, rather large (from 60 to 1000 times the main period); 
this is in satisfactory agreement with the simplified theory of the coupling of two modes M. 
According to this theory, if a star possesses two modes whose frequences are in the ratio 
i :2, approximately, and if the first of them is excited, a second frequency equal to the 
difference of the two will be excited by resonance. According to this kind of coupling 
the star will ultimately pulsate with two almost equal frequencies; one obtains thus 
rather long beat periods hi agreement with observations. 

This kind of coupling, however, cannot hold in the case of AI Velorum, due to the 
large difference between the excited frequency and, consequently, to the shortness of the 
beat period. It is therefore possible that the observations of AI Velorum might oblige 
us to revise the theory of excitation and coupling of modes in a pulsating star, which is 
of course, admittedly, in a quite provisional state. . 
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13. EMISSION LINES IN THE SPECTRA OF LONG-PERIOD VARIABLE STARS 

By PAUL W. MERRILL. (Presented by I. S. Bowen) 

It is remarkable that bright hydrogen lines, requiring 13 volts for their production, 
should appear in the spectra of objects as cool as long-period variables. The reversing 
layer and the photosphere, with temperatures of about 2000°, have nothing like the 
necessary amount of energy to offer. The curious irregularities in the Balmer series do 
not yield the interpretation; it is now clear that they are due to absorption by overlying 
gases. This fact indicates one important item, namely, that the origin of the bright lines 
is not in an extended outer atmosphere, but in a level lying near, and even partly below, 
the photosphere. 

The bright lines of neutral metallic atoms that have been identified include those of 
Mg, AI, Si, Sc, Ca, Mn, Fe, Co, Ni, Ga, Zr, and In. Among the ionized lines are those of 
Ca, Ti, Mn, Fe, and Sr, and probably the Mg 11 lines near 2800 A. The Mg 11 lines cannot 
be observed directly because the Earth’s atmosphere shuts them out, but their presence 
is inferred by fluorescent effects. Forbidden lines of Fe 11 also are present, but the 
occurrence of those of other elements is doubtful. " 

One point about the behaviour of the.numerous bright lines should be emphasized. 
Their relative intensities are not symmetrical with respect to the maximum of the 

light curve, or in fact with respect to any other phase. (Some text-books are in error on 
this point.) . , 
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