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ABSTRACT 

The Princeton spectrometer on the Copernicus satellite has been used to confirm the existence 
of a line width-luminosity relation for the La and Mg il À2800 chromospheric emission lines in 
K-type stars, by observation of a K2 dwarf (e Eri) and of a K2 supergiant (e Peg). Combined with 
previously reported observations of lines in three K giants (a Boo, a Tau, and ß Gem), the data 
are consistent with an identical dependence of line-width on absolute visual magnitude for the 
Ca ii K, La, and Mg n A2795 lines. Surface fluxes of La, Mg n A2800, and O v A1218 (upper limit) 
for € Eri, and of Mg n A2800 for e Peg are also compared with values reported previously for the 
three giant stars. 
Subject headings: Ca n emission — emission-line stars — late-type stars — line profiles — 

spectra, ultraviolet 

I. INTRODUCTION 

Ultraviolet observations of three giant stars were 
reported in previous papers (Moos et al. 1974 [Paper 
I] ; Gerola et al. 1974 [Paper II] ; and McClintock et al. 
1975 [Paper III]). Lines observed were the H i A1215.6 
resonance line (La); the Mg n AA2795.5, 2802.7 
resonance lines; the O v A1218 intercombination line 
(in ß Gem); and upper limits on H i A1025.7 (Lß) and 
Si in A1206 lines. This program is extended in the 
present paper to K-type stars of a much wider range of 
luminosity. Observations have been made of the La 
and Mg n A2800 lines in the K dwarf € Eri, and of the 
Mg ii doublet in the K supergiant e Peg. An upper 
limit is also given for the O v A1218 line in e Eri. 

The five stars studied in this program all show Ca n 
A3933 emission (Wilson and Bappu 1957), which is 
evidence for chromospheres in these stars. The stars 
ß Gem, e Eri, and € Peg show He i A10830 absorption 
(Vaughan and Zirin 1968); but only one (e Peg) 
exhibits Ha emission (Kraft et al. 1964), which is rare 
in late-type stars. 

II. OBSERVATIONS 

Observations with the Copernicus spectrometer 
(Rogerson, Spitzer, et al. 1973) were made on 1973 
December 12/13 for € Eri and on 1974 October 12/13 
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for € Peg, and included low-resolution (Copernicus 
U2 channel, ~0.25 Â) scans of H i A1215 (La) in e Eri 
and low-resolution (V2, ~0.51 Â) scans of the Mg n 
resonance doublet AA2797.5, 2802.7 in both € Eri and 
e Peg. Observing techniques and data reduction 
procedures are described in Paper III. 

Table 1 summarizes the observational results for 
e Eri and e Peg, including estimates of stellar surface 
fluxes assuming angular diameters of 0''0026 and 
0''0139, respectively, for the two stars. The angular 
diameter for e Eri is the mean of that determined by 
Wesselink et al. (1972) and the angular diameter 
deduced from the radius of Gray (1968) and the 
parallax of Hoffleit (1964). The angular diameter of 
€ Peg is deduced from the B — V color using the 
method of Wesselink (1969) and Wesselink et al. 
(1972). 

During the La observations for € Eri, the high- 
resolution far-ultraviolet detector was used as a real- 
time monitor of the particle background, a procedure 
which has proved very reliable in aiding removal of 
background from the low-resolution far-ultraviolet 
data. In Figure 1, the solid line is a histogrammed 
average of the 50 scans of e Eri after background 
subtraction. One spectral step at line center was 
heavily contaminated by geocoronal La emission, and 
only an upper limit (estimated by comparing the 
average intensity of the 25 nighttime scans with that of 
the 25 daytime scans) is given. Wavelengths are vacuum 
values in the rest frame of the star. The baseline shown 
is the average ( — 0.07 ± 0.25 counts per 14 s per 
0.19 Â) of 25 spectral steps away from line center. 
Error bars are ±1 cr, where <t is the rms error in the 
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734 McClintock, henry, moos, and linsky 

TABLE 1 
Summary of Results 

Vol. 202 

Parameter e Eri (K2 V) € Peg (K2 lb) 

La A1215.7 

Number of spectral scans...... 
Total dwell time per step (s). . . 
Counts per 14 s (total line).... 
Observed flux (photons cm-2 s" 
Stellar surface flux* 

(103 ergs cm-2 s-1)   
Full width at half-intensity (Â).. 

50 
700 

36.0 ± 3.6 
0.75 

317 
1.0 ± 0.1 

Mg U AA2795.5, 2802.7 

Number of spectral scans  
Total dwell time per step (s). 
Counts per 14 s (total line): 

A2795.5   
A2802.7    

Observed flux (photons cm-2 

A2795.5   
A2802.7  

Stellar surface flux* (103 ergs cm 
A2795.5  
A2802.7  

Full width at base (Â) 
A2795.5   

s"1): 

24 
336 

1314 ± 256 
681 ± 166 

's"1): 

4.06 
2.11 

727 
376 

1.0 ± 0.3 

60 
840 

2775 ± 644 
2657 ± 594 

8.80 
8.43 

55 
53 

3.4 ± 0.3 

* No correction for interstellar absorption. 

mean, estimated from the scatter of the 50 measure- 
ments at that wavelength. The nominal slit-width of 
the spectrometer is 0.185 Â at La, but the resolution of 
this histogrammed spectrum is 0.25 À due to Doppler 
shifts caused by spacecraft orbital motion. 

Low-resolution scans of the Mg n resonance lines 
were also obtained for e Eri. Background was removed 
using the “standard table of backgrounds” described 

in Paper III which left a substantial average residual 
count-rate (1300 counts per 14 s). A large fraction of 
this is very likely a result of inadequacy of the standard 
table ; however, detailed tests allow the possibility that 
some stellar signal (~200 counts per 14 s) is being 
detected. If so, this could be either stellar continuum 
at 2800 Â or scattered radiation from longer wave- 
lengths. 

Fig. 1.—The observed La emission from the K2 dwarf e Eri. Filled circles are the data points (0.173 Â apart). The left ordinate 
is the number average of photomultiplier pulses per 14 s per resolution element per scan, while the right-hand scale gives the 
absolute intensity. Error bars are ± 1 a. One spectral step, at line center (horizontal line with arrow), is an upper limit. The dashed 
line is a simple model, using an interstellar hydrogen density <«hi> = 0.Ö5 cm-3. 
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a 

Fig. 2.—The observed Mg n resonance doublet emission from the K dwarf e Eri. Axes and error bars are as in Fig. 1. Arrows 
mark the nominal line centers. Horizontal arrows give the estimated intrinsic half-width of the A2795.5 feature, corrected for 
instrumental broadening. 

Figure 2 is a histogrammed average of the 24 Mg n 
scans of e Eri. The straight line, which was least- 
squares fitted to the residual background (excluding 
the two spectral regions with clear emission), estab- 
lishes an arbitrary zero level. 

Mg ii data were also obtained for the K supergiant 
e Peg. Each component was scanned separately. After 
backgrounds were subtracted using the “standard 
table,” an average residual count-rate of 1275 counts 
per 14 s per spectral step remained. Figure 3 is a 
histogrammed average of the 60 scans. The straight 

line, drawn by eye, establishes an arbitrary zero level, 
estimated to be reliable to ± 50 counts per 14 s. 

Error bars in Figures 2 and 3 are ± 1 a rms errors in 
the mean estimated from the scatter of the individual 
scans. The resolution of the data (~0.51 Â) is slightly 
less than the nominal value of the spectrometer exit 
slit-width (0.395 Â), due to Doppler shifts. Wave- 
lengths are air values in the rest frame of the star. 

The La data also set an upper limit on the flux of 
the forbidden O v À1218 line. The utility of this line 
in searching for cool stellar coronae is discussed in 

Fig. 3.—The Mg n emission profiles from the K2 supergiant c Peg. Error bars and axes are as in Fig. 1. The dashed line shows 
the correction for interstellar absorption required, based on particular assumptions discussed in the text. This correction depends 
critically on the velocity assumed for the interstellar gas. 
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736 McClintock, henry, moos, and linsky Vol. 202 

Papers II and III. Using a procedure described in 
Paper III, the 3 a upper limit for e Eri is found to be 
6 counts per 14 s (or 0.13 photons cm-2 s_1), corre- 
sponding to a stellar surface flux of 5.4 x 104 ergs 
cm~2s_1. 

in. DISCUSSION 

We interpret the observed profiles of the chromo- 
spheric emission lines, after allowing for the effects of 
interstellar absorption. 

a) Absorption by Interstellar Hydrogen 

The K dwarf e Eri is only 3.3 pc distant. Application 
of simple models for the intrinsic line profile and for 
the interstellar hydrogen absorption, using methods 
described in Paper III, showed that the low-resolution 
La profile cannot be used to distinguish among values 
°f <whi> ^ 0.1 cm-3 for the average local interstellar 
hydrogen density. The dashed line in Figure 1 is a 
model using <«Hi) = 0.05 cm-3, a symmetric intrinsic 
stellar profile similar in shape to the solar La line but 
with the self-reversal removed, a half-width of 0.95 Â, 
and a velocity displacement of — 0.04Â (lOkms-1) 
for the absorption relative to the stellar line center. 
This velocity displacement is consistent with the value 
of —0.05 Â estimated from the stellar radial velocity 
and local interstellar H i flow velocity (cf. Table 3 in 
Paper III). Obviously, no lower limit for <«Hi) can be 
established by these models because the degree of 
intrinsic self-reversal present in the stellar profile 
cannot be confidently estimated. 

The total stellar La surface flux required to repro- 
duce the observations critically depends on the chosen 
value of <«hi)* For example, <«Hi) = 0.01 cm-3, 
0.05 cm-3,0.10 cm-3 give relative stellar surface fluxes 
for e Eri deduced from the above model (which has no 
self-absorption in the intrinsic profile) of 1.00, 1.25, 
and 1.58, respectively. Similar corrections are required 
for other stars. Therefore, in order to allow more 
meaningful intercomparison with the fluxes of the* 
three stars of Paper III, relative corrections for the 
interstellar absorption were computed for all four 
stars using the above range of values for <«Hi> and the 
intrinsic line profiles, with overall shapes similar to the 
solar La profile and half-widths equal to the values 
given in Table 1 and Table 3 of Paper III. The amount 
of self-absorption for the intrinsic stellar profiles is not 
known. However, upper limits to the flux correction 
due to a particular value of <«Hi) can be set by assum- 
ing that there is no intrinsic self-reversal and, therefore, 
the observed central reversal is due entirely to inter- 
stellar absorption. In this case, the interstellar hydro- 
gen also depresses the peaks of the emission line; and, 
for increasing values of <«hi)5 larger values of the 
total intrinsic stellar surface flux are required to 
reproduce the observed profile, although the shape of 
the absorption core changes only slightly (see Fig. 5 of 
Paper III and note that to reproduce the observed 
profile the height of the intrinsic profile must be 
increased for increasing values of <«Hi))- A lower limit 
to the flux correction for the assumed value of <«hi) 

can be set by assuming that the observed reversal at 
line center is due entirely to self-absorption in an 
optically thick chromosphere. In this case, interstellar 
absorption still causes the peaks of the emission line 
to be depressed even though there is essentially no 
interstellar contribution to the core of the line. 

Although the predicted total La surface flux from 
each star increases for increasing <«Hi)> the relative 
fluxes among the various stars are less sensitive to 
changes in <«Hi>- Relatively narrow lines are more 
affected by interstellar absorption, so for e Eri and 
ß Gem the correction factor leads to a more substantial 
increase in the estimated surface flux than is the case 
for a Tau and a Boo. The results given in Table 2 are 
intended as a guide for interpreting the absolute values 
of ultraviolet emission fluxes for the four stars. 

b) Absorption by Interstellar Magnesium 

Calculations based on the same assumptions that 
were made in Paper III suggest that, compared with 
the statistical errors inherent in the observation, inter- 
stellar absorption has a negligible effect on the observed 
total emission rate and line profiles for the Mg n 
lines of the nearby dwarf e Eri. In particular, measure- 
ments by Rogerson, York, et al. (1973) for a Leo 
(d = 22 pc) indicate that the average local space 
density of Mg n is <«Mgii) = 5 x 10"8 cm-3. Thus, 
for e Eri (d = 3.3 pc), the column density of Mg n 
is A(Mg ii) = 5.08 x 1011cm-2, which corresponds 
to an unsaturated interstellar line with an equivalent 
width of W = 4.35 x 10~14A(Mgn) = 0.02 Â. Since 
the resolution of the observation is 0.51 Â, interstellar 
absorption can cause at most a 6 percent decrease in a 
single spectral step, which is small compared with the 
size of the statistical errors of the observation. 

The distance to e Peg (250 pc) is sufficiently large 
that interstellar Mg n absorption may have an 
appreciable effect on the observed profile. Unfor- 
tunately, few measurements of interstellar element 
abundances have been made in the direction of e Peg 
(/n = 65°, b11 = -31°), so it is difficult to confidently 
estimate a range of values for the column density of 
Mg ii. However, since the optical depth at line center 
has the high value t0 ä 350 for an assumed value of 
<^hi+h2) 

= 0.5 cm-3 (and for Mg ii depleted relative 
to “cosmic” abundance by a factor of 10, following 
Rogerson, York, et al. 1973; Morton et al. 1973; and 
Morton 1974), the equivalent width changes by only 
20 percent for an order-of-magnitude change in the 
column density. Measurements by Hobbs (1969) of 
interstellar sodium absorption in tt Aqr (/n = 66°, 
b11 = —45°, and d = 370 pc), as well as observations 
of 21-cm emission by Goldstein and MacDonald 
(1969) in the direction of HD 206540 (/n = 66°, 
b11 = —31°) indicate that interstellar clouds in the 
direction of c Peg have heliocentric velocities Vc in the 
range — 15kms-1 < Vc < — lOkms-1. The dashed 
line in Figure 3 shows the correction to the À2795.5 
component that is required under the assumption that 
r0 = 350, <«hi + «h2> = 0.5 cm-3, the dispersion 
velocity along the line of sight is 7 km s-1, and the 
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average heliocentric velocity of clouds in the line of 
sight is —13 km s_1. (For the sake of clarity, no correc- 
tion has been applied to the À2802.7 profile.) The 
details of the correction depend critically upon the last 
number. For example, if Vc is —30 km s-1 instead of 
— 13 km s_1, the deep absorption component that is 
seen one spectral step from line center could be 
entirely explained in terms of interstellar Mg n 
absorption. However, it was noted in Paper III that 
Mg ii interstellar absorption cannot explain the asym- 
metry observed in the a Boo and a Tau emission 
profiles, as their distance is much smaller than that for 
e Peg. 

The total stellar surface flux that is deduced from 
the observations also depends on Vc. With Vc = 
— 13 kms-1, the corrected flux =1.1 times the un- 
corrected flux; while if the reversal is entirely due to 
interstellar absorption (Vc = —30 km s_1), the factor 
is 1.35. Three-color measurements of this star (Blanco 
et al. 1970) indicate that it is unreddened; and, 
therefore, no appreciable correction for extinction by 
dust is required. 

Similar pronounced reversals were reported by 
Kondo et al. (1972) for the Mg n components in a Ori 
(/n = 200°, b11 = —9°, d = 160 pc). It appears poss- 
ible that at least part of the observed reversal is due to 
absorption by interstellar Mg n. Although many 
measurements of interstellar absorption have been 
made in the general direction of a Ori, most of the 
stars observed lie at distances greater than 450 pc; and 
there is no knowledge as to which absorption com- 

ponents observed in the spectra of these stars are due 
to material between a Ori and the Earth. Nonetheless, 
a first approximation to the eflect of interstellar 
absorption in a Ori can be made based upon these 
measurements. Heliocentric velocities of 27 km s-1 > 
Fc>23kms~1 for the interstellar clouds in the 
direction of a Ori inferred from sodium measurements 
(Hobbs 1969) are consistent with the observed slight 
blueshift in the Mg n absorption-center with respect 
to the stellar Mg n emission profile. Furthermore, the 
measurement by Morton et al. (1973) of an average 
column density of 8.2 x 1012 cm3 pc"1 in the direction 
of AOriA(/n = 195°, b11 = -12°,¿ = 611 pc)implies 
an optical depth r0 ^ 350 (and therefore an equivalent 
width W x 0.4 Â) for Mg n À2795.5, which is also 
consistent with the observed stellar profile. Thus, the 
reversals may have a substantial contribution from 
interstellar absorption. However, a marked feature of 
the Mg ii profiles is the great difference in shape in each 
of the two components. This, of course, is not explained 
by saturated absorption profiles due to interstellar 
matter. 

c) Chromosphere of e Erl 

The absolute line intensities given in Table 1 are 
based on values of the spectrometer sensitivity taken 
from Paper III, and the angular diameters described 
above. Within the calibration error of the spectro- 
meter (a factor of 2) the uncorrected stellar surface 
fluxes are close to the solar values taken from Table 2 

TABLE 2 
Intercomparison of Stellar Surface Fluxes and Flux Ratios 

a Tauri 
(K5 III) c Pegasi a Bootis € Eri ß Gem Sun 
  (K2 Ib) (K2 III p) (K2 V) (K O III) (G2 V) 
5/6 Feb. 17/18 Oct. 12/13 Oct. 19/20 May 12/13 Dec. 16/17 Oct. 

Surface Flux (103 ergs cm“2 s-1) (uncorrected for interstellar absorption) 

Mg ii  68.6 48.1 108 192 1103 106 1200 
Ov  ... [1.53] ... [2.0] [54] 7.5 0.3 
La  17.6 17.4 ... 32.1 317 19.2 249 ± 37.0 

Surface Flux (103 ergs cm“2 s“1) (corrected for interstellar H i absorption) 

«h = 0.01 cm-3: 
Lower limit  18.2 18.0 ... 33.7 345.5 21.4 
Upper limit  21.8 27.6 39.5 445.4 26.1 

La «h = 0.05 cm“3: 
Lower limit  21.2 20.9 ... 39.1 421.9 27.9 
Upper limit  30.0 29.7 49.7 556.4 36.9 

«h = 0.10 cm-3: 
Lower limit  24.6 24.4 ... 45.2 506.4 39.5 
Upper limit  38.1 37.7 60.2 704.9 57.4 

Flux Ratios (uncorrected for interstellar absorption) 

La/Mgn  0.26 0.36 ... 0.17 0.28 0.18 0.21 
Mg n/(Mg ii 6 Eri)  0.062 0.044 0.097 0.17 1 0.10 1.09 
La/(La c Eri)  0.056 0.055 ... 0.10 1 0.061 0.79 

Note.—The values in brackets are upper limits. 
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738 McClintock, henry, moos, and linsky Vol. 202 

of Paper III (see Table 2) indicating that e Eri has a 
well-developed chromosphere. The uncorrected La 
surface flux reported in Table 1 is an order of magni- 
tude larger than values reported in Paper III for the K 
giants a Tau, a Boo, and ß Gem, while the Mg n 
surface flux from € Eri is a factor of 5 greater than that 
inferred for any other K-type star observed with 
Copernicus. For the purpose of intercomparison, ratios 
of fluxes of the five K-type stars are given in Table 2, 
uncorrected for interstellar absorption. The only flux 
ratio that varies substantially with change in the 
assumed value of local <«Hi) is Mg n/La for each star. 
The ratio (Mg n e Peg)/(Mg n e Eri) may be low by a 
factor 1.35 (see § Ulb). 

An interesting feature of the e Eri Mg n flux is the 
ratio of kjh (i.e., À2795.5/A2802.7). For an optically 
thick resonance doublet formed in a chromosphere 
where the temperature increases with height, the more 
opaque component is expected to be brighter; but only 
slightly brighter (Linsky 1970). For example, the ratio 
of k emission to h emission is 1.18 in the Sun. Although 
the data are quite noisy, the Mg n kjh emission ratio 
(1.9 ± 0.6) may violate the rule. If so, this would 
suggest that Mg n in € Eri may be optically thin and/or 
formed in a different manner than in the solar 
chromosphere. Thus, though the total surface fluxes 
indicate a similarity with the solar chromosphere, this 
should be treated with caution. 

d) Chromosphere of e Peg 

If the correction for interstellar absorption shown in 
Figure 3 is appropriate, the blueshifted ( — 34 km s-1) 
central absorption in the Mg n profiles of e Peg may 
be related to the asymmetries observed in other spectral 
regions. Wilson (1957) reported that the self-reversal 
in the Ca h À3933 emission feature was blueshifted by 
— 34 km s-1. Furthermore, e Peg exhibits blueshifted 
(—44kms"1) absorption in the He i À10830 line 
(Vaughan and Zirin 1968) and blueshifted emission 
in Ha (Kraft et al. 1964). The velocity of recession from 
the star is considerably less than the surface escape 
velocity (SOkms-1), indicating either that these 
phenomena occur in material that is two or more radii 
above the stellar surface or that a stellar wind is 
present with a velocity that increases outward as the 
density decreases. Similar asymmetries are also 
observed in the Mg n and La profiles in a Boo, and to 
a lesser degree in a Tau (Paper I and Paper III), but 
not in the Ca n A3933 emission feature (Wilson and 
Bappu 1957) of either star. Asymmetric profiles for 
both Mg ii components for a Tau have been observed 
by Kondo et al. (1975). However, they also report 
asymmetry for only the A2795.5 line of € Peg. They 
interpret the difference in k and h profiles as indicating 
the presence of a circumstellar shell. A similar inter- 
pretation has also been proposed to explain the struc- 

UJ Û 

Z CD < 

1.5 2.0 2.5 3.0 
Log W (Km s'1) 

Fig. 4.—The relation between the width of chromospheric emission lines, and stellar luminosity. The ordinate is the absolute 
visual magnitude. The abscissa is log W measured in km s-1. Squares represent La (full half-widths), and circles represent Mg n 
(full widths measured at the base). Two points, due to noisy data, have no upper limit on their width. Triangles are Mg u measure- 
ments reported by Kondo et al. (1972). Errors are shown as horizontal lines. Filled dots are data for Ca n widths (Wilson and 
Bappu 1957). The dashed line is the relation reported by Wilson (1959) for the Ca n K line. For two stars {vertical lines) the absolute 
magnitudes were computed from the Ca u widths. The curved line separates the Mg u data from the La data. Open circles and 
open squares are solar values. 
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ture of the Mg n profiles in a Ori (Modisette et al 1973) 
as caused by Fe i À2795 absorption in a cool shell. 

The present data for € Peg clearly indicate asym- 
metric profiles for both k and h, suggesting that this 
phenomenon arises from physical conditions in the 
emitting region itself rather than as absorption or 
scattering in a shell. The resolution of the present data 
is not good enough to provide detailed information on 
the shapes of the Mg n profiles for e Eri, and within 
experimental error the La data present no evidence for 
asymmetry. 

e) The Line Width-Luminosity Relation 

Table 1 includes estimates of the full width at the 
base for the Mg n À2795.5 profile and the full width at 
half-intensity for the La profile, both corrected for 
instrumental broadening. It was noted in Paper III 
that the line widths for both Mg n and La appear to 
be correlated with absolute visual magnitude in a 
similar fashion to the relation found by Wilson and 
Bappu (1957) for Ca n. 

Figure 4 shows a plot of log W versus absolute 
visual magnitude for La, Mg n, and Ca K. For La 
(filled squares), W is the full width at half-intensity 
measured in km s "1. Values for JFhave been computed 
from data taken from Table 1 of this paper and 
Table 2 of Paper III. Two values for the solar La 
half-width (0.80 Â from Bruner and Rense 1967 and 
0.90 Â from Tousey 1967) are shown in the figure as 
open squares connected by a dotted line. Absolute 
visual magnitudes are taken from Allen (1973) unless 
otherwise noted. The relation 

My = (40.2 ± 4.5) - (14.7 ± 1.6) log (1) 

results from a least-squares fit to the La data. 
The values for the full width at the base of the 

Mg ii À2795.5, measured in km s-1, are also plotted 
in Figure 4 (filled circles). Two values for the solar 
Mg ii width (0.89 Â from Lemaire and Skumanich 
1973 and 0.97 Â from Tousey et al. 1974) are shown as 
open circles connected by a dotted line. Triangles are 
Mg ii measurements taken from Kondo et al. (1972), 
(1975) which are not corrected for instrumental 
broadening. Absolute visual magnitudes for a Ori and 
€ Peg were computed from their Ca n K line widths 
(Wilson and Bappu 1957). The relation 

My = (39.1 ± 3.5) - (17.2 ± 1.5) log WMe11 (2) 

is the result of a least squares fit to the Mg n data, 
excluding ß Gem for which the width is extremely 
uncertain, and excluding ß Cas for which emission is 
stated by Kondo et al. (1972) to be somewhat uncer- 
tain. A similar relation has been obtained by Kondo 

Allen, C. W. 1973, Astrophysical Quantities (London: Athlone 
Press). 

Ayres, T. R., Linsky, J. L., and Shine, R. A. 1975, Ap. J. 
{Letters), 195, L121. 
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M. P. 1970, Publ U.S. Naval Obs.y 2d Ser., 21, 1. 

Bruner, E. C., Jr., and Rense, W. A. 1969, Ap. J., 157, 417. 

et al. (1975). For comparison, the relation found by 
Wilson and Bappu (1957), and Wilson (1959), for the 
K line of calcium, 

My = 27.59 - 14.94 log JKCaK , (3) 

is also shown (dashed line). 
Considering the quality of the data, as measured by 

the formal errors of the slopes in relations (1) and (2), it 
seems possible that the line-width-luminosity relation 
has the same slope in all three cases. Clearly, it would 
be valuable to obtain additional data over a larger 
range of absolute visual magnitude, especially in the 
case of La, to test this hypothesis. 

The physical basis underlying such width-luminosity 
relations has been a matter of dispute for nearly 20 
years as a result of confusion as to the precise width 
measured and the nature of the line profile (Doppler 
core or damping wing) at which the width is measured. 

From the traditional point of view, the existence of a 
general width-luminosity relation may be interpreted 
in terms of “turbulent velocities” in a very simple 
way. Lines formed higher in the chromosphere are 
expected to show slightly larger widths than those 
formed at lower heights due to an increase of “tur- 
bulence” with height. Thus measurement of widths of 
three different lines gives an indication of the dispersion 
of turbulence present in any one star and the general 
correlation is “turbulent velocity” versus luminosity. 
However, this analysis is oversimplified because no 
account of the variation in chromospheric structure 
from star to star is involved. More detailed approaches 
to understanding general width-luminosity relations 
are being developed. Ayres et al. (1975) have recently 
shown that high-resolution observations of the Ca ii 
K! and Mg n k-^ lines are consistent with a width- 
luminosity relationship involving AAKl and AAfcl with 
approximately the same functional relationship as 
equation (3). Since the Ki and k1 features are in the 
damping wings of the lines, Ayres ex al. are able to 
derive theoretically the relationship in equation (3) 
independent of any considerations of “turbulent 
velocities” and show that AAfcl should exhibit the same 
slope. In this paper we show that WMe11 = AAfcl has a 
very similar slope to lFcaK? confirming the theoretical 
analysis. What remains to be shown, however, is why 

obeys a similar width-luminosity relation. 
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