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ABSTRACT 
We have investigated short time-scale variability of singly ionized calcium chromospheric emission 

in a few late-type stars. Emission-line variations with time scales of a few minutes to hours are seen in a 
Tau (K5 IIIJ, i And (G8 III-IV), and e Eri (K2 V). The existence of substantial chromospheric flux 
changes (10 -1032 ergs) over short periods of time suggests that the calcium emission arises from a 
few small, coherent regions. Frequencies present in the data are discussed in the context of acoustic 
wave predictions and estimated acoustic cutoff frequencies for giants and dwarfs. 
Subject headings: Ca n emission — stars: chromospheres — stars: late-type 

I. INTRODUCTION 

The emission cores of the Ca n H and K doublet are 
important optical indicators of chromospheric activity in 
late-type stars. While a great deal of effort has been 
directed toward the observation and analysis of time- 
averaged Ca ii emission, relatively little work has been 
done on stellar chromospheric variability on short time 
scales. Previous studies have presented evidence for 
changes in the relative intensities of the violet and red 
peaks of the emission cores of some cool stars (Wilson 
and Bappu 1957; Griffin 1963; Liller 1968). Variable 
emission fluxes have also been observed over periods of 
hours to months in some late-type giants (Liller ; Baliunas 
and Dupree 1979). The long-term survey of chromo- 
spheric activity in nearby dwarfs, which was begun by 
Wilson to search for solar cycles, indicates some short- 
period fluctuations superposed on the long-term varia- 
tion (Wilson 1976; Vaughan, Preston, and Wilson 1978; 
Wilson 1978). Flares and related activity have been 
observed on many cool dwarfs, although there are rela- 
tively little data on emission-line variation (Kunkel 1973 ; 
Schneeberger et al 1979). 

Chromospheric variability cannot be understood with- 
out precise measurements of the amplitude and time 
scales of the changing emission. The validity of time- 
independent, homogeneous chromospheric models may 
be compromised by the nature of this variability. For 
these reasons, we have begun a program to obtain Ca n H 
and K flux measurements from late-type stars over many 
time scales. In this paper, we report the first results of 
these line-strength variability measurements for four 
giants, a Boo, a Tau, a Aur, and A And, for a dMe flare 
star, YZ CMi, and for an “ active-chromosphere ” K-type 
dwarf, € Eri. There are two different experiments reported 
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here. First, we present high-resolution spectra of the 
giants with a time resolution on the order of an hour and 
extending over several days ; second, we examine spectro- 
photometry with a time resolution on the order of a few 
minutes of some of the giants and the two dwarfs listed 
above. The spectra are used to investigate profile varia- 
tions accompanying substantial (larger than about 10%) 
flux changes which might occur over several nights. From 
the spectrophotometry, we search for relative changes in 
the chromospheric emission strength at a lower level 
(about 5%) which may occur on short time scales. These 
two approaches are complementary and necessary. 
Although the precision and time resolution are better for 
the spectrophotometry, it is only from the spectra that we 
can determine the nature of profile variations. 

II. DATA 
a) Spectra of the Giants 

High-resolution (~0.2Â) spectra of all four giants 
were obtained in the Ca n H and K regions in order to 
search for flux and profile variations. Spectra were 
recorded each night, 1978 January 19-22. These spectra 
were obtained prior to the spectrophotometry obtained 
in 1978 November which is discussed in § lib, below. 

The Mount Wilson 100 inch (2.54 m) telescope was 
used with a two-slit spectrograph and dual-lined 
(936 x 2)-element Reticon array plus a three-stage image 
tube at the coudé focus. For the bright stars observed 
here, neutral density filters were employed to slow the 
photon-counting rate below that of the onset of coin- 
cidence effects. The spectra thus were integrated over 
40-60 minute intervals to achieve photon statistics 
of < 1%. 

The procedure was to observe a star in one slit and sky 
background in the other slit for half the integration time, 
and then to reverse the positions of the slits. Flat fields 
produced by an incandescent lamp were divided into the 
spectra to remove the fixed pattern in the detector. Sky 
backgrounds were subtracted and the stellar spectra from 
each slit were added together. 
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In our Reticon spectra, the photospheric absorption 
features agree with other high-resolution spectra to 
within 10% in relative strength. We attribute the differ- 
ence to scattered light in the spectrograph system and to 
other causes discussed below. Observed time variations 
(real or otherwise) of integrated emission-line strengths 
do not exceed 10%. The relative strengths of the emission 
cores compared to the surrounding photospheric spectra 
of a Aur, a Tau, and a Boo are similar to those 
published by Kelch et al (1978) and by Griffin (1968). 
Bahúnas and Dupree (1979) found, over a comparable 
period of time, some variations larger than 10% in the 
integrated flux of the K and H cores of À And. 

The spectra are noisier than would be expected from 
photon statistics. The additional random errors are likely 
to arise from : (1 ) small, incoherent shifts in the position of 
the fixed-pattern spectrum (occurring over the course of 
the night, these shifts will modify the flat-field correction 
derived from incandescent exposures obtained during the 
day); and (2) an inability to reregister exactly the 
distorted, image-intensified spectrum onto the linear 
Reticon detector each night after resetting the grating tilt. 

We attribute the lack of observed variability in the 
spectra, as compared with the variability found by the 
spectrophotometry below, to the lesser accuracy of 
the spectra (10% versus 1.5%) and to the much longer 
integration times (40-60 m versus 2 m). In addition, these 
results may be indicative of the relative infrequency of 
substantial chromospheric flux variations in these stars. 

b) Spectrophotometry 
We used the spectrophotometer (HKP2), described by 

Vaughan, Preston, and Wilson (1978), on the 60 inch 
(1.5 m) reflector on Mount Wilson to search for short 
time-scale variations in a Tau, X And, YZ CMi, and e Eri 
on 1978 November 4-6. The instrument measures the 
fluxes in four spectral windows sequentially at a chopping 
frequency of ~ 30 Hz : two reference channels, 20 Â wide, 
located shortward of K (centered ~ 3900 Â) and long- 
ward of H (centered ~ 4000 Â); and two channels, 1 Â 
wide, centered on the H and K cores. These narrow 
passbands encompass most of the emission cores in the 
program stars. The passbands can be tuned by offsetting 
the entrance slit to compensate for the Doppler effect. The 
zero-point wavelength is calibrated by a hollow cathode 
lamp emitting Ca n H and K. In the case of the spectro- 
scopic binary X And, offsets appropriate for the times of 
observation were computed from orbital elements given 
by Walker (1944). 

Sky background and instrumental dark current levels 
were smaller than 1 count s"1 in any channel. For all stars 
except YZ CMi, photon statistics of < 1 % were achieved 
in 2 minutes or less in the channel with the faintest signal. 
For YZ CMi, X And, and e Eri, sky background counts 
were measured and subtracted from the stellar signal. 

The data were used to construct several quantities for 
each observation, and the results are shown in Figures 
1-3. We define a color index, 

C = 2.5 log (Nr/Nv) = —CRV , (1) 

where NR and are the total count rates (exclusive of 
the sky brightness) in the monitor channels longward of 
H and shortward of K, respectively. The color index CRV 
is defined by equation (4) of Vaughan, Preston, and 
Wilson (1978). Also calculated were the instrumental 
magnitudes of the ratios of photon counts in the emission 
cores to photon counts of the monitor channels inter- 
polated to the wavelength of the emission cores: 

mag (rK) = - 2.5 log 

mag (rH) = - 2.5 log 

(2) 

(3) 

where NK and NH denote the count rates (corrected for 
background, if necessary) in the K and H channels, and 2’s 
refer to the central wavelengths of each of the passbands. 

The relation between the values of rK /rH and the optical 
thickness of the emitting gas is not simple. These in- 
strumental values contain a scale factor to account for 
wavelength-dependent instrumental sensitivity, atmo- 
spheric extinction, and differing amounts of line 
blanketing in different stars, and they also contain a 
photospheric contribution. In addition, calculations sug- 
gest that the H and K cores are optically thick, so that the 
ratio of K to H should vary with changing temperature 
gradients, thermalization depths, and other radiative 
transfer effects. 

Differential atmospheric extinction causes a reddening 
of C with increasing air mass, as can be seen in Figures 
1-3. For all the stars, this effect appears to be small, 
approximately 0.015 mag per unit air mass ; no correction 
has been applied to our data. The recurrence of similar 
values of C, both throughout each night and between 
nights, indicates that systematic errors are small in this 
quantity. The effect of differential extinction is less pron- 
ounced in the line ratios rK and rH. 

In the following discussion, we have assumed that the 
photosphere is constant while any variations in rK and rH 
are attributable to changes in the emission lines, either in 
integrated flux or radial velocity of the core with respect 
to the instrumental passband. Instrumental drifts in the 
zero-point wavelength can cause changes in the recorded 
flux at H and K. Although the radial velocity offset can be 
made to a precision of about 1 km s- \ drifts of 3-6 km 
s"1 in the zero point caused by temperature changes in 
the equipment can occur in the course of some nights. We 
have determined, by scanning the emission profiles of X 
And and a Tau, that a 10% decrease in flux requires about 
a 10 km s-1 shift of the profile. Wavelength errors due to 
possible temperature fluctuations are too small to affect 
the measured H and K fluxes by more than a few percent. 
Furthermore, drifts of the passbands of the emission cores 
that cause decreases in the measured signal at H and K 
are expected to occur only in one direction along the 
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spectrum. Thus, flux decreases followed by brightenings 
are probably not due to instrumental drifts. 

We have ruled out stellar radial velocity shifts as the 
cause of the observed variations. The emission cores of H 
and K in /l And, as recorded in the spectra of Bahúnas and 
Dupree (1979), do not show the large velocity differences 
relative to the nearby photospheric absorption lines that 
would be required. For the dwarf e Eri, the requisite 
velocities would be significantly larger because of the 
narrower widths of the Ca emission lines. 

The assumption that the continuum remains constant 
and that changes occur in the emission lines may be a 
poor approximation in the case of the flare star YZ CMi. 
In this case, further analysis must be made to distinguish 
between line and continuum variability. 

in. RESULTS 
The HKP2 photometer is used routinely in another 

program in which the measurements, reduced as 
described by Vaughan, Preston, and Wilson (1978), are 
typically found to be reproducible on the 1-2% level. For 
the observations of 1978 November, a rigorous procedure 
of observing standard stars at frequent intervals was 
followed, as a check of the instrumental stability. 

The results for the standard stars are summarized in 
Table 1. The standard stars chosen show small Ca n H 

and K emission reversals and little variation in the 
long-term observing programs of Wilson (1978) and 
Vaughan, Preston, and Wilson (1978). Our data for HD 
207978 and HD 13421 indicate flux changes at a level of 
about 1.5 times the photon-statistical errors in all three 
instrumental quantities. The star HD 76572 appears to 
vary by a larger amount in rK. Furthermore, Wilson’s 
(1978) observations show differences in the amount of 
scatter in various standards stars. It is difficult to avoid 
the inference that the standards themselves are slightly 
variable in H and K at the 1-2% level. Hence, the inherent 
accuracy of the measurements themselves is probably 
somewhat better than this. 

The star HD 142373, also a standard in the Wilson 
(1978) and Vaughan, Preston, and Wilson (1978) pro- 
grams, was monitored for 30 minutes on 1979 May 8. The 
standard deviations of any point from the mean values of 
C, mag (rK) and mag (rH) and 0.009 mag, 0.013 mag, and 
0.015 mag, respectively. These errors are comparable to 
those determined by sampling standard stars throughout 
the nights in 1978 November and those of the long-term 
monitoring programs of Vaughan, Preston, and Wilson. 
We therefore adopt a conservative mean standard devia- 
tion of 1.5 % in rK and rH, based on the average behavior of 
the standard stars. These small variations in the line cores 
of the standard stars, coupled with the recurrence of the 

TABLE 1 
Standard Star Data for Mount Wilson 1978 November 

Date mag rK mag rH C 

HD 207978 

4 Nov  3.038 2.981 0.086 
3.054 2.979 0.079 

5 Nov   3.067 2.981 0.082 
3.063 2.995 0.074 

6 Nov  3.045 2.977 0.085 
3.028 2.979 0.079 

mag (rK) = 3.049 ± 0.015 mag (rH) = 2.98 ± 0.007 (C) = 0.081 ± 0.004 

HD 13421 

4 Nov  3.203 3.186 0.008 
3.214 3.174 0.004 

5 Nov.....   3.193 3.193 0.013 
3.182 3.175 0.009 

6 Nov  3.202 3.190 - 0.011 
3.199 3.176 -0.010 

mag (rK) = 3.199 ± 0.011 mag (rH) = 3.182 ± 0.008 (C) = 0.002 ± 0.010 

HD 76572 

4 Nov   3.020 3.011 0.050 
5 Nov.   3.029 3.057 0.058 

3.054 3.025 0.065 
3.066 3.029 0.058 

6 Nov  3.086 3.035 0.052 
3.088 3.022 0.060 
3.064 3.000 0.059 

mag (rK) = 3.058 ± 0.026 mag (rH) = 3.016 ± 0.018 (C) = 0.057 ± 0.005 

Mean Error Determined from all Three Stars 

(r(rK) = 0.017 mag <7(rH) = 0.011 mag a(C) = 0.006 mag 
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TABLE 2 
Ca il H and K Chromospheric Losses 

Estimated Surface Luminosity in Total Energy 
Spectral Loss in (H + K)a (H + K) Fluctuation in Fluctuation 

Star Type (ergs s"1 cm-2) (ergss-1) (ergs) 

e Eria   K2 V 2 x 106 1 x 1029 2 x 1030 

2 Anda   G8III-IV 8 x 105 1 x 1030 7 x 1031 

a Taua  K5 III 6 x 104 4 x 1030 2 x 1032 

Solar Flare Ab   ... ... 2.3 x 1025 (H + K) 
5.4 x 1026 (Total) 

Solar Flare Bc  ... ~1027 (H + K) 
~few x 1028 (Total) 

a See text for each estimate. References for absolute fluxes are: t Eri, Kelch 1978; À And, Bahúnas 
1980; a Tau, Kelch ci a/. 1978. 

b 1973 Sept. 5 (Canfield et al. 1980). Observed, see text. 
c 1972 Aug. 4 (Tanaka and Zirin 1973). Estimated, see text. 

values of C to 1-2% throughout the observations of our 
program stars, is indicative of the stability of our system. 

We discuss in the following the observations for the 
program stars. In addition, we also estimate the energy 
present in some of the rapid flux variations in e Eri, a Tau, 
and À And. These estimates are listed in Table 2 and 
discussed further in § IV. 

a) e Eridanus (K2 V) 
The active chromosphere star e Eri is a single star 

showing bright Ca n emission. Changes of 10% in time 
scales less than a month are apparent in the H and K 
fluxes in Wilson’s (1978) survey. Our data for 1978 
November 4, 5, and 6 (Fig. 1) show correlated fluctua- 
tions of up to 7% in both rK and rH, over characteristic 

time scales of 15 minutes. The mean of rK and rH is 
brighter on November 5 than November 4 by 5%. These 
changes are much greater than those recorded in C at 
similar air masses or in the values of rK and rH in the 
standard stars. The magnitude of the observed variation 
is of the same order as those typically seen by Wilson 
(1978). In the Wilson data, the observed scatter may be 
due to much shorter time-scale variations than can be 
resolved in his program. 

From Kelch (1978) we estimate the average losses in H 
and K for e Eri to be ~ 1 x 1029ergss“1. A 5% variation 
into 2n steradians in 15 minutes results in a change in 
chromospheric energy losses of ~ 2 x 1030 ergs. This 
change is similar to the total energy in an average flare in 
the L/-passband of the dMe flare star AD Leo 

-o. 

-o. 

-0. 

I. 

I. 

I. 

I. 

1. 

2. 

0.0 0.5 1.0 1.5 2.0 0.0 0.5 0.0 0.5 1.0 1.5 
ELAPSED TIME (hours) 

Fig. 1.—Observations of c Eri for 1978 November 4, 5, and 6. Note variations in mag (rK) and mag (rH) and the relative stability of C. 
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(~ 2-3 x 1030 ergs; Lacy 1976). Our results argue that 
the contrast of photospheric flux for different effective 
temperatures is very important in determining the im- 
pression of flare activity and can cause misleading assess- 
ments of the level of chromospheric flare activity in stars 
of an earlier spectral type. 

b) a Taurus (K5 HI) 
Changes of the asymmetric Ca n K profile of a Tau 

have been reported previously (Kelch et al 1978). The K 
core shows a strong red emission peak, while a relatively 
narrow absorption component, perhaps caused by cir- 
cumstellar material, appears to suppress the blue emis- 
sion peak (Vaughan and Skumanich 1970). The 

circumstellar absorption is variable on time scales as 
short as a few days (Kelch et al 1978). Previous photome- 
tric work of Liller (1968) has shown not only a 19% 
change in the intensity of the violet emission peak of K 
within 17 minutes, but also nights when this feature 
remained constant to 4%. Figure 2 shows our data for 
1978 November 5 and 6. Excluding long-term drifts 
produced by differential extinction in C, changes in C 
were < 0.02 mag. For a Tau on November 5, the maxi- 
mum excursion of the points in rK is ~ 10% and ~ 5% in 
rH, indicating variability in this range. On November 6 
the scatter in rK is 4-5%, while rH does not vary 
significantly, except possibly near elapsed time 0.83 
hours. However, the average level has increased by ~ 3 % 

a Tau 1978 Nov 5 

Fig. 2b 
Fig. 2.—Observations of a Tau for (a) 1978 November 5 and (b) November 6. The quantity C remained smooth, but mag (rK) and mag (rH) vary 

erratically, by up to 0.10 mag and 0.07 mag. Some fluctuations occur within a few minutes, a time scale which is similar to solar active-region 
and flare phenomena. 
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X And 1978 Nov 4 

Fig. 3.—The instrumental magnitudes of 2 And on (a) 1978 November 4, (h) November 5, and (c) November 6 show fluctuations in rK and rH of 0.10 
mag on time scales as short as 10 minutes. Instantaneous variations in C are < 0.02 mag. 

in rK and decreased by ~ 7 % in rH from November 5 to 6. 
The change in rH is clearly significant compared with the 
1-2% agreement in C measured at similar air masses for 
the two nights. 

On the assumption that chromospheric emission varia- 
tions (rather than circumstellar absorption changes) are 
responsible for the observed flux variations on these short 
time scales, we have used the flux calibration for chromo- 
spheric models (Kelch et al 1978) to estimate the flux in 
the K core of a Tau. The change in energy in an “ event ” at 
about 2.5 hours elapsed time on November 5, encompas- 
sing an 8% change over 12 minutes, is 2 x 1032 ergs in 
both H and K. The amount of energy involved is about 
two orders of magnitude larger than that seen in e Eri; the 
change in surface flux is ^ 10"1 of that in e Eri. 

c) X Andromeda (G8 III-IV) 
This member of the long-period RS CVn group is a 

spectroscopic binary with a period of ~ 20 days and an 
unseen companion (Hall 1976). The star X And is a source 
of soft X-ray emission (Walter et al 1980) and a source of 
variable continuum radio emissions (Bath and Waller- 
stein 1976; Spangler, Owen, and Hulse 1977). The intense 
Ca cores vary in shape and integrated flux. The largest 
rate of variability that has been reported is a 40 % increase 
in the flux of the K core in spectra separated by one day 
(Bahúnas and Dupree 1979). The system X And shows 
cyclic, broad-band F-magnitude variations of ~ 20-30% 
with periods of 50-60 days (Landis et al 1978). This light 
variation is attributed to the rotational modulation of a 
lower-luminosity hemisphere exhibiting starspots (Hall 
1976). These long-period fluctuations in integrated light, 
however, will not contribute to the short-term variations 
seen here. 

In Figure 3, the data from 1978 November 4, 5, and 6 
show fluctuations of up to 0.10 mag in rK and rH on time 
scales of a few minutes. On November 6, X And shows 

correlated variations in rK and rH. On the same night, a 
Tau shows a fairly flat rH, thus arguing against persistent 
instrumental fluctuations as the cause of these changes. 
After about 4 hours of elapsed time on November 6, 
activity in rK and rH diminishes considerably in X And. 

The flux in the K core is determined from the absolute 
spectrophotometry of Bahúnas (1980). Using parameters 
of the primary star in the X And system listed in Bahúnas 
and Dupree (1979), we find that the energy in an event on 
1978 November 6 (a 10% change in 10 minutes) is 
~ 7 x 1031 ergs, summed in H and K. This variation is 
larger by a factor of 30-40 in luminosity than that for e 
Eri; surface flux changes are comparable. 

d) YZ Canis Minor (dM4.5e) 
YZ CMi is a flare star with a flaring rate of about 1.2 per 

hour (Moffett 1974). Since the star is faint, there is greater 
scatter in the data. In addition, because of the strength of 
the emission lines, the photon statistical errors are due 
almost entirely to the continuum fluxes. 

YZ CMi shows no variability larger than that expected 
from photon statistical counting rates for the continuum 
channels, ~ 0.1 mag in rH and rK during 2.5 hours on 1978 
January 4 and 1.5 hours on 1978 January 6. 

Unfortunately, the analysis for this star is complicated 
by the possibility of continuum and line-emission flares 
occurring on similar time scales and by approximately 
compensating in rH and rK. With the HKP2 instrument, 
we cannot obtain spectrophotometric data that would 
enable us to investigate variations appearing in the 
individual passbands. Further observations of flare stars 
should be pursued with similar time resolutions and with 
apertures that permit such photometry. 

IV. DISCUSSION 

The physical significance of the chromospheric variabi- 
lity observed here can be investigated by estimating the 
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X And 1978 Nov 5 

X And 1978 Nov 6 

amounts of energy involved, the sizes of the emitting 
regions implied by the variation time scales, and by 
searching for any periodicities in the data. 

a) Energies and Time Scales of the Variations 
of the Ca n Emission 

In assessing the energy present in the Ca n H and K line 
fluxes, we point out that significant chromospheric emis- 
sion is undoubtedly present in other lines (for example, 
the Ca ii infrared triplet, Mg n, Lya) which were not 
observed here. Since much of the variability we see occurs 
on time scales of a few minutes, and detector systems for 
the ultraviolet lines do not yet have this temporal- 
resolution capability, it is difficult to tally the total 
changes in the chromospheric losses implied by these 
observations. The losses we determine from Ca n H and 
K (see § III and Table 2) should thus be lower bound to 

the total chromospheric losses. Further work incorporat- 
ing simultaneous measurements of several chromo- 
spheric lines is necessary to find the total amounts of 
energy involved in these events. 

For a comparison of the Ca n H and K brightenings to 
solar flare energetics, we have included in Table 2 the 
radiative output in two solar flares of differing strengths. 
The radiative losses in the spectral range 1 Á to 1 mhave 
been measured for the flare of 1973 September 5 (Canfield 
et al 1980). The radiative losses at Ca n H and K 
represent 4% of the total measured power, 5.4 x 1026 

ergs s-1. From the power observed at Ha in the excep- 
tionally large flare of 1972 August 4 (Tanaka and Zirin 
1973), we have estimated both the total losses and those at 
Ca il H and K from the fractional contributions of 
spectral features measured by Canfield et al. The total 
radiative energy output of this bright flare is estimated to 
be approximately a few times 1028 ergs s-1. The power 
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present in the brightenings observed at Ca n H and K in e 
Eri, A And, and a Tau is several orders of magnitude larger 
than the total radiative output of typical solar flares. 

The time scales of a few minutes of some of the 
fluctuations indicate that much of the variability derives 
from an organized region on each of the stars. Adopting 
sound speeds of 10-20 km s~ \ appropriate for the region 
of the formation of the Ca n emission cores, and using 
observed time scales of the fluctuations, we arrive at sizes 
that are a few percent of a stellar radius for the dwarfs and 
a few times 10“4 of a stellar radius for the giants. The 
derived sizes could be increased by using a larger velocity, 
for example, an Alfvén velocity. In this case, in order to 
increase the signal velocity appreciably, the magnetic 
field strength would have to be much larger than ~ 102 

gauss, which is the equipartition strength inferred from 
the chromospheric gas pressure. 

The time scales for variability are similar to a variety of 
solar flare and active-region phenomena recorded in the 
extreme ultraviolet, at Ha and at Ca n K (Zirin 1974; 
Svestka 1976). Some of the observed events show sharp 
rises followed by slow declines, reminiscent of solar and 
stellar flare phenomena. Often, however, variations are 
seen with behavior opposite that of flare activity and with 
no direct counterpart to solar activity. The quiescent level 
can be persistently bright, and sharp declines in the data 
followed by slow recoveries are present. 

The stars we observed show strong Ca n K emission, 
between 3 and 5 on the Wilson and Bappu (1957) scale of 
0 (Ca il K emission reversal absent) and up to 5 (emission 
as bright as the surrounding continuum). The large range 
of variability in our program stars is consistent with 
Wilson’s (1978) observation that dwarf stars with the 
strongest Ca emission cores exhibit the most variability. 

Variations are observed in both K and H, although K 
generally varies to a greater extent than H. Since the 
opacity of K is larger than that of H, K is formed higher in 
the atmospheres, indicating that larger variations occur 
higher in the atmospheres. This effect is also seen in model 
calculations of two different intensity components of the 
quiet Sun, which show that K brightens more than H 
(Vernazza, Avrett, and Loeser 1981). 

b) Frequency Analysis 
The data which shows variability in the Ca n fluxes 

were analyzed for frequency components. The periodici- 
ties that are apparent are discussed below for each star. 
For the period analysis, we used Fast Fourier Transforms 
(FFT) to obtain the power spectra. A description of this 
method in application to solar chromospheric featues is 
given by White and Athay (1979). 

We have imposed the requirements of FFT analysis on 
the data samples. Since the flux measurements were not 
obtained at quite equally spaced time intervals, the data 
have been rebinned using linear interpolation. The rebin- 
ning intervals are less than 3 minutes for all data, and the 
average integration times per point are listed in Table 2. If 
breaks appear in the data (for example, A And, November 
4), only the longest data train is analyzed. The data 
window is contained within 2N points, where N is an 

integer, and the remaining points outside the data 
window are zero. The mean of the data is subtracted from 
each point and the 10 edge points on each side of the data 
window have been multiplied by the ascending or 
descending branch of a cosine bell function. This 
procedure lessens the effect of the abrupt onset and end of 
the observing interval. 

The quantities C, mag (rK), and mag (rH) have been 
analyzed with FFT. Peaks in the power spectra of mag 
(rK) are identified if they are strong and the corresponding 
power peaks in C are negligible. We do not show power 
spectra of mag (rH). The power spectra of rH show peaks at 
frequencies similar to those in rK, although the peaks for 
rH are weaker than for rK. Generally, rH can fall below the 
experimental limits of detectability. Changes in rH and rK, 
however, are strongly correlated in our observations, as 
evidenced both in the linear correlation coefficient cal- 
culated between rH and rK and in the Figures 1-3. For 
example, for A And on 1978 November 5 the correlation 
coefficient is 0.78 ; the standard error in the measurement 
of 0.1 indicates a highly significant correlation. In 
contrast, C is not significantly correlated with rK or rH. 
Since the uncertainties in C and mag (rK) are similar, the 
spectrum analysis of C compared to rK suggests that we 
have not identified instrumental fluctuations in rK. The 
periods corresponding to the strong peaks in the power 
spectra of C and mag (rK) for A And and a Tau are shown 
in Figure 4, and power spectra for all stars are discussed 
further below. 

Peaks can also occur near the frequency corresponding 
to the data window if, for example, the trend of the data 
has an overall curvature. To determine the effect of these 
onset frequencies upon the higher-frequency compo- 
nents, cosine functions with periods corresponding to the 
data windows are subtracted from the data. The resulting 
power spectra show greatly reduced low-frequency com- 
ponents but essentially unchanged power in the identified 
peaks. In the power spectra shown in Figure 4, however, 
no cosines are subtracted, and the low-frequency spikes 
remain. 

The presence of significant power at specific frequen- 
cies in stellar data which are disk-averaged suggests that a 
small number of coherent emitting regions dominate the 
chromospheric emission. In the case of the Sun, observa- 
tions of solar active regions reveal oscillations in the Ca n 
and Mg n cores with maxima in the power spectra 
occurring near periods of ~ 200 s (Jensen and Orrai 
1963; Orrall 1966;Bonnet etal 1978). The solar observa- 
tions monitor velocity shifts of the features in the profiles, 
over a fraction of the solar disk, while our observations 
are flux measurements of disk-integrated emission. It is 
thus difficult to make comparisons between the solar and 
stellar data. However, it is plausible that velocity shifts 
will affect the solar emission strengths. For example, 
Bonnet et al parametrized the Mg n line profiles in a 
manner which suggests that the emission flux is mo- 
dulated with the period of oscillation, but the strong 
correlation with other parameters makes this difficult to 
assess (cf. their Fig. 14). Furthermore, studies of the 
chromospheric Si n (A 1817) lines show fluctuations both 
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62.2 24.9 15.6 11.3 8.9 7.3 6.2 
PERIOD (minutes) 

Fig. 4a 

Fig. 4b 
Fig. 4.—Power spectra of C and mag (rK) for (a) X And and (b) a Tau on 1978 November 5. Frequency components are listed in Table 3. The 

ordinates for the plots are in units of square magnitudes. 

of the intensity at a given wavelength in the line (Chipman 
et al 1976; White and Athay 1979) and of the integrated 
line intensity (Athay and White 1979). The peak periods 
are near 200 s, and this period increases slightly from the 
quiet Sun to active regions. Active regions show a 300 s 
oscillation in velocity and intensity in the chromospheric 
C il (À 1336) emission line (Chipman 1977). 

If the ~ 200 s period results from the establishment of 
standing waves, which in turn depends upon the atmo- 
spheric scale height, then we would expect oscillatory 
periods in other stars to scale approximately inversely 
with gravity. Ando (1976) has performed a linear analysis 
of the stability of acoustic waves in late-type model 
atmospheres. The results of those calculations show that 
the wave periods for which exponential growth is most 
rapid in giants is in good agreement with the periods 

obtained by scaling the solar chromospheric period 
inversely with gravity. 

Other acoustic wave periods may also be present. 
Although the dominant solar chromospheric oscillation 
is ~ 200 s, shorter periods are possibly indicated by the 
broad width of the peaks in the power spectra (White and 
Athay 1979) and by short-period photospheric oscilla- 
tions which are observed (Deubner 1976). The heating of 
the solar chromosphere may be due to waves with periods 
about an order of magnitude smaller than the ~ 200 s 
period (Ulmschneider and Kalkofen 1978, Stein and 
Leibacher 1974). The acoustic flux calculations of Renzini 
et al (1978) show that this period of maximum acoustic 
flux generation, Pmax, also scales inversely with gravity. In 
Table 3 we list the values of Pmax obtained for the stars 
observed here from the analysis of Renzini et al The 
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TABLE 3 
Strong Frequency Components in mag (rK) 

FFT Duration of Observing Average Sampling 
Frequency Interval Used Time during 

log g Components in FFT Analysis Observations 
Star (cms-2) Pmax Date (periods in minutes) (hours) (minutes) 

A And  3.0a 10 min. 1978 Nov. 4 8, 15,65 3.6 1.9 
1978 Nov. 5 15 3.0 1.9 
1978 Nov. 6 10,30 5.6 1.9 

c Eri   4.5b 20 s 1978 Nov. 4 6-8 1.6 1.9 
aTau...  1.4C 7 hr 1978 Nov. 5 25-30 4.6 2.7 

a Bahúnas 1980. 
b Kelch 1978. 
c Kelch et al. 1978. 

values of P0, the standing-wave or maximum exponential 
growth period, are approximately 10 times longer than 
the values of Pmax. Our sensitivity to detecting either of 
these periods depends upon where P0 and Pmax occur for a 
given star relative to the observing span and the integra- 
tion times. 

i) A Andromeda 
Figure 4a shows the power spectra for both C and mag 

(rK) on 1978 November 4. We have identified frequency 
components at periods of — 8, 15, and 65 minutes. The 
power spectra of C do not show strong peaks at these 
frequencies, which suggests that the peaks in the spectrum 
of mag (rK) are significant. From the power spectra of the 
remaining data, we list the frequencies for A And in Table 
3. In general, the peaks are several percent of the periods 
in width, and the frequency components in these limited 
strings of data appear to change at least nightly, sug- 
gesting some impulsive activity is present. All the observed 
periods are smaller than P0 ~ 100 minutes, although 
the 65-minute peak is not far from P0. The periods near 10 
minutes are similar to that estimated from Pmax. The 
possible effects of aliasing and overtones in the data are 
difficult to treat; the 15-minute and 8-minute periods are 
suspected to be related to the 65-minute period in this 
way. 

ii) a Taurus 
The power spectrum for 1978 November 5 (Figure 4b) 

shows a strong, broad peak between 25 and 30 minutes in 
mag (rK% along with smaller peaks at higher frequencies. 
The low gravity of a Tau results in much longer values of 
Pmax (~ 7 hours) and P0 than the observed periods. 
However, we are severely limited in detecting P0 and Pmax 
by the comparatively short span of observing time. 

Ando, H. 1976, Pub. Astr. Soc. Japan, 28, 517. 
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in) e Eridanus 
A strong, broad peak at periods of 6-8 minutes appears 

in the power spectrum of mag (rK) in the dwarf star e Eri 
on 1978 November 5. These periods are similar to those 
seen in solar oscillations. 

V. CONCLUSIONS 

The data presented here show that a wide range of 
late-type stars possesses considerable short-term chromo- 
spheric activity. The amounts of energy involved suggest 
that much of the behavior is related to flaring activity and 
that large portions of the chromospheric emission come 
from coherent active regions. In addition, short time- 
scale fadings which are distinctly dissimilar to flare 
behavior are observed. 

The fact that definite frequency components appear in 
the power spectra of chromospheric variations suggests 
that observations of short-term Ca n variations may be 
valuable in probing the chromospheric structure of stars 
throughout the H-R diagram. Analysis of the short- 
period Ca ii variability in many kinds of stars, including 
stars with varying levels of activity, may play an impor- 
tant role in extending the application of solar physics to 
the behavior of other stellar chromospheres. 
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