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ABSTRACT For several of the rapidly oscillating Ap stars the best luminos­
ity estimates available come from the asteroseismological interpretation of 
their pulsational frequency spectra. We give a list of the 23 currently known 
roAp stars along with their Stromgren photometric indices, Teff estimated 
from the Hf) index, and luminosity estimated asteroseismologically. In one 
case, 7 Equ, we have an asteroseismological luminosity and a parallax lumi­
nosity which are in good agreement. Some of the roAp stars pulsate with fre­
quencies greater than the critical frequency calculated for standard A-star 
models. This plus multi-colour high-speed photometry of HR 3831 indicate 
that the temperature gradients in the atmospheres of these stars are substan­
tially steeper than in standard A-star models. We advocate a fine analysis of 
HR 3831 to see if there is consistency with the pulsational conclusions about 
T-T in this star. Further fine analyses and multi-colour pulsational analyses on 
other roAp stars are then called for. The pulsation mode in HR 3831 can be 
decomposed into primarily an axisymmetric dipole mode with small radial, 
quadrupole and octupole perturbations. If the magnetic field is governing the 
distortion of this mode from a purely dipole mode, then the pulsation can be 
used to infer the magnetic field geometry. Comments on our current 
knowledge of all 23 roAp stars are made. 

INTRODUCTION 

The rapidly oscillating Ap (roAp) stars are high-overtone (n>>£), low-degree 
(i<3) /7-mode oblique pulsators: Their oscillation axes are aligned with their 
magnetic axes both of which are oblique to their rotation axes. They are the only 
non-degenerate stars other than the sun which are unequivocally known to pulsate 
in such modes. The asymptotic spacing for a star undergoing high-overtone p-
mode pulsation is given by the relation Ai/ = (n + i /2 + e) + dw (Tassoul 1980, 
1990) where e is a constant dependant on the surface layers of the star. Two of the 
quantities in this relation are observable: 

1) t\v, the frequency spacing of consecutive overtones for p-modes. This 
corresponds to the reciprocal of the sound crossing time of the star. 

2) bv, a second order term which lifts the degeneracy of modes («, £) and 
(« +1, 2.-2) and is a measure of the sound speed gradient inside the star -
essentially an age indicator. 
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Christiansen-Dalsgaard (1987) has used these parameters to construct a 
mass-age grid on an asteroseismological HR diagram. Ultimately, our goal is to 
specify temperature, luminosity, radius, mass, and age from the study of the pul­
sation frequencies. At present we can derive luminosities for some of the roAp 
stars under the assumption that spectroscopically and photometrically derived 
temperatures are reasonably accurate. For some of these stars we think that these 
are the best luminosity estimates available. 

Because the pulsation modes are aligned with the magnetic axes of the roAp 
stars, it is possible to see non-radial modes from differing aspects as the stars 
rotate. This potentially allows an accurate determination of the order and degree 
of each mode, as well as any distortion from a pure spherical harmonic. It allows 
information to be extracted about the geometry and of the magnetic field, and it 
may allow information to be extracted about the internal magnetic field structure 
(see Kurtz 1990a). HR 3831 is particularly interesting in this regard and is dis­
cussed further below. 

The short pulsation periods in the roAp stars imply that they are pulsating in 
high-overtone (10 < n < 40) p-modes. High-overtone modes have short radial 
wavelengths. To satisfy the outer boundary conditions for a standing wave, the 
temperature gradient must be steep in the atmosphere so that the sound speed 
changes significantly over a radial distance which is short compared to the 
wavelength of the pulsation. This is a simple requirement for reflective phase 
coherence in a standing wave. The frequency (and hence overtone, n) for which 
this condition breaks down, i.e. where the wavelength of the pulsation becomes 
comparable to the depth of the reflection layer, is known as the critical 
frequency. Shibahashi & Saio (1985) found that for standard A-star model atmo­
spheres many of the roAp stars pulsate with frequencies larger than the critical 
frequency. They concluded from this that the temperature gradient in those stars 
must be substantially steeper than that of the standard models, hence producing a 
steeper sound speed gradient, a sharper reflection boundary, and a higher critical 
frequency. 

Recently, Matthews et al. (these proceedings) have observed the roAp star 
HR 3831 through 8 filters ranging from the blue to the infrared. HR 3831 is known 
to be pulsating primarily in a dipole mode, so they were able to argue from simple 
considerations of limb-darkening as a function of wavelength that the temperature 
gradient is steeper than expected from standard models. Their gradient is even 
steeper than that suggested by Shibahashi & Saio. 

The suspicion is that the abnormal abundances in the atmospheres of the 
roAp stars increase the temperature gradient as required by these pulsation obser­
vations. The important result of this is that model atmospheres, and hence abun­
dance analyses of these stars must take this into account. The effect of the 
increased gradient will be to reduce the calculated abundance anomalies. It would 
be most interesting to have a detailed fine analysis of HR 3831 to complement the 
pulsation studies. Similar pulsation studies and fine analyses of other roAp stars 
should follow. 
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THE CAPE ROAP STAR SURVEY 

To improve our understanding of the asteroseismology of the roAp stars we are 
conducting a survey of ail Ap SrCrEu stars in the southern sky. The scope and 
goals of the survey have been described in detail by Martinez, Kurtz & Kauffman 
et al. (1991). Briefly, we are obtaining Stromgren uvby/3 photometry of all the 
southern Ap SrCrEu stars. We then search for rapid oscillation in the subset of 
stars with indices similar to those of the known roAp stars. The currently observed 
limits of the roAp phenomenon are: 

0.08 <b-y< 0.29 
0.20< w ; < 0 . 3 2 

dm^O.OO 
0.49 < c ; < 0.85 

<5c;<0.04 
2.70 < 0 < 2.88 

Indices in these ranges are not an unambiguous indicator of the roAp phe­
nomenon. Nonetheless, since the start of the survey in May 1990, eight new roAp 
stars have been discovered. These are HD19918, HD 84041, HD119027, 
HD 161459, HD 190290, HD 196470, HD 193756 and HD 218495 which are indi­
vidually discussed below. 

Table I is an updated list of the confirmed roAp stars as of June 1992. So far 
we have searched for rapid oscillations in 129 stars. This includes a number of 
stars selected because they lie well outside the ranges above. We have not yet pub­
lished lists of 'constant' stars because it is a lot easier to establish that a star pul­
sates than that it does not. A single observation of constancy entitles us only to 
claim that the star was constant during the time-span of the observations. Thus far, 
hu has been determined for 11 roAp stars (Table 1). We caution that not all of 
these values of Ai/ are secure. We assess our knowledge of the frequencies in each 
of these stars below. 

ASTEROSEISMOLOGICAL DETERMINATIONS OF THE LUMINOSITIES 
OF roAp STARS 

The luminosities of the roAp stars are not well known because the normal photo­
metric calibrations of temperature and luminosity are not valid for the heavily 
blanketed flux distributions in the cool Ap stars. A naive application of the Sc\ 
index implies that the roAp stars are well below the ZAMS, a result not confirmed 
for two roAp stars with parallax luminosities. This effect is most pronounced in 
stars with extreme abundance anomalies and in the cooler Ap stars. Thus the pos­
sibility of obtaining asteroseismological luminosities for the roAp stars is particu­
larly interesting. 

As an exercise, we used the observed frequency spacings and Tefj estimated 
from the photometry to derive tentative luminosities for the roAp stars (Table I). 
The H/8 index was used to estimate Teff using the Teff - log g grids of Moon & 
Dworetsky (1985). The effective temperatures thus determined for the roAp stars 
range from 6800 K to 8400 K. These temperatures are less well determined than 
for normal stars because in the Ap stars the continuum flux distributions differ 
substantially from those of the normal stars. An extreme example of this is 
Przybylski's star, HD 101065, where the continuum is not seen in the visible part of 
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Studies of roAp Stars 565 

the spectrum because of severe line blanketing. For HD 101065, we have adopted 
Tejf = 7400 K based on the arguments presented by Martinez & Kurtz (1990). 

Wolff (1983) has discussed the difficulties of obtaining reliable effective tem­
peratures for the Ap stars. Ultimately, it may be possible to determine the Tefj of 
Ap stars by working backwards from the asteroseismology and a HIPPARCOS 
parallax. 

2.2 ~r^ ' ! — ' ' • : —r 

1.8 

OB 

o 1.0 n 

0.6 

0.2 
4.1 4.0 3.< 3.8 3.7 3.6 

Los T 
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Fig. 1. A theoretical HR diagram showing the roAp stars for which hv is known. 
The evolutionary tracks of Heller and Kawaler (1988) are shown for a range of 
masses appropriate to the roAp stars. Also shown are the observed borders of the 
S Scuti instability strip. 

Fig. 1 shows an HR diagram with the evolutionary tracks of the normal A star 
models of Heller & Kawaler (1988). On this diagram we have plotted the roAp 
stars for which we have Ai/ values, no matter how tentative. The borders of the 
lower instability strip determined from observations of S Scuti stars (Breger 1979) 
are also indicated. The results are interesting. 

Firstly, the diagram indicates that the roAp stars all lie within the instability 
strip. It is unlikely that this is a selection effect; we have searched for rapid oscil­
lations in many stars outside the instability strip without success. Thus we suspect 
that the /c-mechanism operating on He II in the He II ionization zone is the proba­
ble driving mechanism. 

Invoking the /c-mechanism has substantial implications for the diffusion the­
ory but is not necessarily inconsistent with it. In the roAp stars the pulsation 
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velocities are not big enough to be a problem for the diffusion hypothesis. Surface 
pulsation velocities are 20 - 200 m/s for HR 1217 (Matthews et al. 1988) and 7 
Equ (Libbrecht 1988). Since velocity amplitude falls off rapidly with depth in the 
atmosphere there is no turbulent mixing of the surface layers with lower layers. 
Recent models of He abundance variations in the Ap stars by Vauclair, Dolez & 
Gough (1991) which incorporate the effects of stellar winds suggest that He is 
underabundant at the magnetic equator but slightly enhanced in the second He 
ionization zone at the magnetic poles. Further work is required to show whether 
there is sufficient He enhancement to drive the oscillations observed in the roAp 
stars. 

The discovery of rapid oscillations in a star well outside the instability strip 
would present a problem for this hypothesis. We have searched for rapid oscilla­
tions in many such stars and have only null results. The detection of non-pulsating 
Ap stars inside the roAp instability strip is also problematic although the same 
problem arises for the d Scuti stars. 

Secondly, the roAp stars all appear to be 1 to 2 mag above the ZAMS. At pre­
sent, we can check our asteroseismological luminosity for only one star. 7 Equ 
(HD 201601) has a parallax luminosity My(n) = 1.9 that agrees with its astero­
seismological luminosity of M |/(Ai/) = 1.8. Our value of Ai/ = 58/iHz for this star 
is not secure and needs to be confirmed. For HD 128898, we do not have an astero­
seismological luminosity, but the available parallax luminosity Mv(n) = 1.9 and 
Teff = 8000 K place it inside the instability strip. When the HIPPARCOS paral­
laxes for the roAp stars become available, we will be able to confirm or refute 
more of these asteroseismological luminosities. 

COMMENTS ON THE INDIVIDUAL STARS 

H P 6532 

HD 6532 pulsates basically in a single oblique distorted dipole mode with a rota­
tion period of 1.9455 days (Kurtz & Cropper 1987). The principal pulsation period 
is a little less than 7 min; at this period the photometric noise is essentially scintil­
lation limited, so observations through large aperture telescopes can reduce the 
noise level in the amplitude spectrum. However, with the rotation period so close 
to 2 days, only multi-site observations are of use because of confusion of the rota­
tional sidelobes and their aliases in single-site data. 

HD 6532 has a detectable harmonic near 3.5 min and other pulsation frequen­
cies may be present. No second mode has yet been detected. This star deserves a 
new, thorough multi-site study with l-m, or larger, telescopes. It is of interest to 
compare the distorted dipole mode in this star with the much better studied 
HD 83368. 

No magnetic study of HD 6532 had been made, not is there any detailed spec­
troscopic study. Both of these are of interest to compare with the pulsational 
studies. 
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H P 12932 

HD 12932 was discovered to be a roAp star Schneider, Kreidl & Weiss (1992) who 
have 35 hours of observations obtained on 12 nights. We, also have additional 
(unpublished; in preparation) observations obtained on 21 nights. Although there 
is clear evidence of amplitude modulation, both groups have only been able to 
determine a single frequency, other frequencies which may account for the 
amplitude modulation are then lost in the noise of the amplitude spectrum. At V = 
10.2 this star could benefit from observations made with 1.5-m telescopes, or 
larger, to improve the photon statistics. 

H P 199X9 

Martinez & Kurtz (unpublished) have observed this star for 14 nights and find that 
it has a principal period near 11 min which shows amplitude modulation. With the 
data available they cannot determine any of the secondary frequencies which 
account for this modulation. An intensive, single-site, exploratory study of this star 
would be useful. 

HD 24712 (HR 1217) 

From an asteroseismological point of view HD 24712 is the most interesting roAp 
star yet studied. A major multi-site observing campaign by 15 astronomers (Kurtz 
el al. 1989) has shown this star to have an amplitude spectrum reminiscent of that 
of the sun. It is still uncertain whether the frequencies should be ascribed to con­
secutive overtones of dipole modes, or alternating even and odd i-modes. The 
inherent interest and complexity of this star make a new study desirable. 

That study should take into account the following: 1) The separation of the 
pulsation frequencies is close to 3 d"1, so multi-site observations are required. 2) 
Although the star is bright, the pulsation periods are near 6 min where larger 
aperture telescopes can reduce scintillation noise. 3) Past studies of this star and 
other roAp stars suggest that the amplitudes and/or phases of the individual 
modes in HD 24712 may not be stable on times scales longer than a few weeks. The 
rotation period is 12.4572 days, however, so that a new study must last longer than 
the rotation period; a three-week multi-site observing run is probably ideal. 

H P 60435 

H P 60435 has the richest p-mode spectrum of any of the roAp stars (Matthews, 
Kurtz & Wehlau 1987). This star at times also has the largest amplitude of any 
roAp star (16 mmag peak-to-peak in B). These two characteristics should make it 
an extremely promising object to study, but it has been neglected since the above-
mentioned paper. 

The reason for this is that the pulsation modes seem to suffer stochastic 
amplitude and/or phase modulation on a time scale as short as days. It is now 
known that the rotation period is 7.6793 days (Kurtz, van Wyk & Marang 1990). A 
new observing campaign with intensive multi-site observations over about 10 days 
would be very interesting for this star. Telescopes of 1-m aperture are needed for 
photon statistics with V = 8.889. Larger telescopes would help substantially with 
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the study of the 6-min harmonics. The periods in this star are mostly around 12 
min which means that observations must be made at the very best photometric 
sites to avoid contamination of the signal caused by sky transparency variations. 

H P 80316 

HD 80316 pulsates with a period near 7.4 min and a semi-amplitude less than 1 
mmag (Kurtz 1990b). It appears that it may be a dipole pulsator and hence is of 
interest like HD 6532 and HD 83368. The rotation period may be near 2 days, 
however, so a campaign from two observing sites is desirable. This star has been 
neglected because its right ascension is close to the much-studied HD 83368; any 
new observations would be of interest. 

HD 83368 fHR 3831) 

HD 83368 is the most observed roAp star. It pulsates is a single distorted dipole 
mode which can be modelled with a linear sum of axisymmetric 2 = 0, 1, 2 and 3 
spherical harmonics (Kurtz 1992a). There is some stochastic phase variation on a 
time-scale of months to years. Either the frequency and/or the phase of the pulsa­
tion are not stable. We are obtaining high-speed photometric observations through 
a Johnson B filter for 1 hour per night, or more, on every possible night for this 
star. Any such (high quality) observations are of use; prospective observers should 
contact me for details. 

The 7r-radian phase reversal and the amplitude modulation curves in figure 
show that HR 3831 pulsates primarily in a dipole mode, but that this mode is dis­
torted and requires small contributions from radial, quadrupole and octupole 
spherical harmonics to describe it. Shibahashi (1992) has shown theoretically that 
an axisymmetric, centered dipole mode will give rise to octupole components, but 
not radial and quadrupole components. The latter therefore imply that the pulsa­
tion mode is not centered. New, high-quality magnetic observations are needed to 
see if the distortion of the pulsation mode is entirely caused by the magnetic field 
configuration. If so, it will be possible to infer magnetic field geometry from the 
pulsation modes in other roAp stars which may be too faint for accurate magnetic 
studies. 

Fig. 2 plots the pulsation phase and amplitude as a function of the rotation 
phase for the all of the 1981 to 1991 data. To produce this figure each week of 
high-speed B photometric data from 1981 to 1990 was adjusted for the (as yet 
unexplained) phase variations. The rotation phase is calculated from the time of 
magnetic maximum using the ephemeris given by Kurtz et al. (1992) with the 
rotation period P r o t = 2.851982 day. Two rotation cycles are plotted. Each point in 
the diagram has been calculated by fitting the frequency u = 1.4280128 mHz to 4 
cycles (46.685 min) of the high-speed photometric data by linear least-squares. 
There are 632 points plotted here representing 492 hours of observations. The 
heavy theoretical line shows the best fit assuming a pulsation mode which can be 
described by the sum of 2 = 0, 1, 2 and 3 spherical harmonics. The individual 2 = 
0, 1, 2 and 3 components are shown with thin lines for a rotational inclination of i 
= 89° and a magnetic obliquity of @ = 57°. These angles give the minimum 
contribution from 2 = 0 and 2. The thin line which almost follows the heavy line is 
2 = 1; the straight line at amplitude = 0.3 mmag is 2 = 0; the double-wave thin line 
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HR3831 4577-8320 i=89 beta=57 

ROTATION PHASE 

Fig. 2. See text for a description of this figure. 

almost reaching amplitude 0.8 mmag at rotation phase zero is £ = 2; the other line 
is i = 3. See Kurtz (1992a) and Kurtz, Kanaan & Martinez (1992) for complete 
descriptions of the theory and techniques for producing this kind of figure. 
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H P 84041 

Martinez et al. (1992) have analysed 131 hours of high-speed B photometric 
observations of this star. They find that it pulsated in several modes with periods 
near 15 minutes with frequency separations of about 28 A»HZ, although this latter 
conclusion needs confirmation. They also find that the rotation period is P r o t = 
3.69 days. Studies of this star are complicated by apparently stochastic amplitude 
modulation on a short time-scale similar to the behavior of HD 60435. 

H P 101065 (PRZYBYLSKI'S STAR1 

H P 101065 was the first discovered of the roAp stars and has one of the highest 
amplitudes (13 mmag peak-to-peak in B). Martinez & Kurtz (1990) have made an 
intensive study of this star. They find two frequencies separated by Ai/0 = 58 /iHz, 
hence giving an asteroseismological luminosity for the star, assuming that the 
problematical temperature is known. This is the best luminosity measure for this 
spectroscopically most peculiar star. 

The principal frequency in H P 101065 is amplitude modulated and secondary 
frequencies are found close to it in any data set analysed. Whether they represent 
pulsation modes, or stochastic amplitude and/or phase modulation is not yet cer­
tain. There is evidence for a large dP/d t term to the principal period. 

H P 101065 has been studied intensively in relatively short bursts to try to 
decipher the frequency spectrum. It would be useful to monitor this star on a reg­
ular basis over a long time to watch the phase behaviour of the principal fre­
quency. This would require a full night of observation (> 6 hr to resolve the two 
pulsation modes which are separated by 58 /uHz) on a regular basis (say once per 
week) over an entire observing season. The relatively large amplitude would allow 
this to be done on a 50-cm telescope in a good site. 

H P 119027 

H P 119027 has a rich p-mode spectrum similar to that of H P 24712 and H P 60435. 
Martinez, Kurtz & Meintjies (1992) have studied 18 nights of observations of this 
star which show at least 5 frequencies separated by about 26 fiHz. They interpret 
these frequencies as arising from alternating even and odd i-modes and use their 
separation for an asteroseismological luminosity determination. The amplitudes of 
the frequencies are modulated in complex ways which are not yet understood. 
Inequality in the frequency spacing, when better determined, may measure Su. For 
observers interested in asteroseismology: This star deserves an intensive multi-site 
observational campaign. 

H P 128898 ttiR 5463: a CAR) 

H P 128898 is the brightest roAp star at V = 3.198. Kurtz & Balona (1984) found 
two frequencies separated by about 2.5 /xHz which they suggested might be caused 
by modes of («, i ) and (n + l, SL-T) thus determining the second-order asteroseis­
mological parameter Sv. We have obtained higher accuracy observations recently 
and confirm the two frequencies found by Kurtz & Balona. Observations of this 
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star are continuing at the time of this writing; we are attempting to get enough data 
to look for period changes. 

During our recent observing campaign on this star we obtained simultaneous 
two-channel photometry through B and / filters using a beam-splitter. The 6.8-
tninute, 3 mmag peak-to-peak variation in B-I can be detected with good signal-
to-noise even through light to moderate cirrus cloud. The low amplitude of the 
light variation in / and the correlation of the noise in the B and / channels allows 
some of the sky transparency variations and scintillation noise to be removed while 
preserving the signal. This technique will be most useful at observatories with rel­
atively poor photometric conditions. See Kurtz (1992b) for a detailed discussion of 
this two-channel technique of using a star as its own comparison. 

HD128898 JD2448729 B-I 40 
- 1 0 . 0 , 

? 0 

Fig. 3. A light curve of a Cir showing the 3-mmag peak-to-peak B-I variations for 
2 hours of observations. These observations were made through moderate cirrus 
cloud which was absorbing up to 1.5 mag of the light in the individual B and / 
channels. The gray nature of the cirrus absorption allowed this tiny signal to be 
recovered with good signal-to-noise. The ordinate scale is in mmag, hence the total 
range is only 0.02 mag. 

H P 134214 

HD 134214 is a singly periodic roAp star with the shortest known principal period 
of 5.65 min and a semi-amplitude of 3.3 mmag. The phase of the pulsation does not 
seem to be stable, however (Kurtz et al. 1991). This star has little asteroseismo-
logical potential, but a study of its long-term phase behaviour could help us under­
stand stochastic processes in roAp stars. One hour of high-speed photometry per 
night to determine the pulsation phase on a regular basis over a complete observ­
ing season would be very instructive. This star is bright (V = 7.479) and accessible 
to observers in both hemispheres (6 = -14°). 

HD 137949 (33 LIB^ 

HD 137949 is another roAp star which appears to be singly periodic, although the 
presence of a second period with an amplitude of 0.15 mmag is suspected (Kurtz 
1991). The principal frequency seems to have changed significantly between two 
sets of observations made in 1981 and 1987. As for HD 134214 above, HD 137949 
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has little asteroseismological potential, but is an excellent star in which to study 
stochastic phase variations and changes of frequency. This star is bright (V = 
6.674) and accessible to observers in both hemispheres (5 = -17°). 

H P 1614^9 

HD 161459 is the faintest of the known roAp stars at V = 10.32. It oscillates with 
several periods near 12 min (Martinez, Kurtz & Kauffman 1991), but complexity of 
the amplitude spectrum exacerbated by aliases in a meagre 23-hr data set has pre­
cluded understanding it. Almost certainly HD 161459 is a multi-mode pulsator 
which deserves an intensive study with at least a 1-m telescope (because of the 
faintness) from a good photometric site (because the periods are relatively long at 
12 min where sky transparency variations strongly affect the noise). 

HD 166473 

HD 166473 is a multi-periodic roAp star with low amplitude oscillations, <0.5 
mmag per mode semi-amplitude (Kurtz & Martinez 1987); possibly Ai/0 = 6 8 / J H Z . 
This star is difficult to study; often the amplitude is undetectable. It would be 
interesting to understand it better, but only observations made under the best of 
conditions with the best equipment are likely to yield new information. 

HD 176232 (HR 7167; 10 AOL) 

Rapid oscillations in HD 176232 were discovered and studied by Heller & Kramer 
(1990) who found three periods near 12 min; possibly Ai/0 = 51 ^Hz. The ampli­
tudes per mode are low, <0.5 mmag, as in HD 166473. But HD 176232 has the 
advantage that it is bright (V = 5.89); it is also one of only two known roAp stars 
which are in the northern hemisphere. New observations would be useful to try to 
determine Ai/0 with certainty, but should only be made from excellent photometric 
sites because of the low amplitudes and relatively long periods which make sky 
transparency variations the limiting factor in the accuracy of the observations. 

HD 190290 

HD 190290 is definitely of asteroseismological interest. Martinez, Kurtz & Kauff­
man (1991) were able to resolve two frequencies with a separation of 40 /xHz with 
a single night of observation. They interpreted this as AJ/Q = 40 /*Hz, although they 
could not rule out the possibility that this might be î Ai/Q. New observations of this 
star are desirable. It can easily be observed from a single site for long times 
because of its far southerly position (6 = -79°) and winter observing season. The 
disadvantage of the declination is, however, that it can only be observed at rela­
tively high airmass, and hence only on excellent photometric nights. A 14-hr light 
curve obtained on a rare perfect winter night with the 1-m telescope of Mt. John in 
New Zealand would be very interesting for this star; somewhat shorter light curves 
from less southerly observatories would be nearly as useful. 
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H P 193756 

HD 193756 has been observed on only five nights and appears to have a single 
period near 13 min with a semi-amplitude of about 0.9 mmag (Martinez, Kurtz & 
Kauffman 1991). The noise level in the available data is relatively high (0.3 mmag), 
so little can be concluded. More observations are needed. 

HD 196470 

HD 196470 has been observed on only three nights and appears to have a single 
period near 11 min (Martinez, Kurtz & Kauffman 1991). As with HD 193756 
above, the noise level in the available data is relatively high (0.3 mmag). More 
observations are needed; this star at a declination of S = -18° is accessible to 
northern hemisphere observers. 

HD 201601 (HR 8097; 7 EOLH 

HD 201601 is a bright (V = 4.68) northern (S = + 10°) roAp star for which both 
photometric (Kurtz 1983) and spectroscopic radial velocity observations 
(Libbrecht 1988) show rapid oscillations with periods near 12.5 min, but with very 
small semi-amplitudes: about 20 m s"1 in radial velocity and around 1 mmag in 
brightness. It is thought that AI/Q = 58 ^tHz which yields an asteroseismological 
absolute magnitude of MV(AI/Q) = 1.8 which agrees well with the parallax absolute 
magnitude of My(7r) = 1.9. This star has a magnetic field which has decreased 
steadily since its discovery in the late 1940s from +500 G to about -800 G at pre­
sent. 

No thorough study of this star has been done. Kurtz's original observa­
tions consisted of 36 hr spread over 11 nights in three months. Libbrecht's radial 
velocity measurements were made on only four nights. This star can be observed 
from both hemispheres, is well-studied magnetically (and is an enigma), and is a 
multi-mode pulsator with great asteroseismological potential. It demands a thor­
ough photometric study. 

HD 203932 

HD 203932 oscillates with a single period near 5.94 min with a semi-amplitude of 
about 0.5 mmag. From 3 weeks of data obtained at both the SAAO and CTIO 
Martinez, Kurtz & Heller (1990) concluded that transient modes are present in 
this star. It is not certain whether that is the correct interpretation, or whether 
stochastic amplitude and/or phase variations may account for the apparently non-
periodic amplitude variations. This star is probably not of interest asteroseismo-
logically, but it remains of considerable interest to those who wish to study non-
periodic phenomena in the roAp stars. 

HD 217522 

HD 217522 presents the best case of a roAp star which seems to have switched 
modes (Kreidl et al. 1991). Its principal oscillation frequency changed from 
1.21529 mHz in 1982 to 1.1999 mHz in 1989. In the 1989 data a frequency is present 
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at 2.0174 mHz which is entirely absent from the 1982 data. This star is relatively 
bright at V = 7.520 and is the best object to monitor for studies of non-periodic 
processes in roAp stars. 

H P 218495 

HD 218495 is, with HD 6532, the hottest of the roAp stars with a spectral type 
around A3. It has only been observed for 7 hr on three nights (Martinez, Kurtz & 
Kauffman 1991) and has a principal period near 7.4 min. Little is known about this 
star so any new observations will be useful. 

R E F E R E N C E S 

Breger, M., 1979. P. A. S. P., 91 , 5. 

Christensen-Dalsgaard, J., 1988. in Advances in Helio- and Asteroseismol-
ogy, Proc. I.A.U. Symposium 123, ed. J. Christensen-Dalsgaard and S. 
Frandsen, D. Reidel Publ. Co., Dordrecht, p. 295. 

Heller, C. H., & Kawaler, S. D., 1988. Ap. J., 329, L43. 

Heller, C. H. & Kramer, K. S., 1988. P. A. S. P., 100, 583. 
Kreidl, T. J., Kurtz, D. W., Kuschnig, R., Bus, S. J., Birch, P. B., Candy, M. P., 

Weiss, W. W , 1991. M. N.R.A. S., 250, 477. 
Kurtz, D. W., 1983. M. N.R.A. S., 202, 1. 

Kurtz, D. W., 1990a. Ann. Rev. Astr. Ap., 28, 607. 

Kurtz, D.W., 1990b. M. N. R.A. S., 242,489. 

Kurtz, D.W., 1991. M. N. R.A. 5 . , 249,468. 

Kurtz, D. W., 1992a. M. N.R.A. S., in press. 

Kurtz, D. W., 1992b. in Stellar photometry - Current Techniques and Future 
Developments, IAU Coll. 136, in press. 

Kurtz, D. W., & Balona, L. A., 1984. M. N.R.A. S., 210, 779. 
Kurtz, D. W., & Cropper, M. S., 1987. M. N. R.A. S., 228, 125. 

Kurtz, D. W., Kanaan, A., & Martinez, P., 1992. M. N. R. A. S., in press. 

Kurtz, D. W., Kanaan, A., Martinez, P., & Tripe, P. 1992. M. N. R. A. S., 255, 
289. 

Kurtz, D. W., Kreidl, T. J., O'Donoghue, D., Osip, D. J., & Tripe, P., 1991. 
M. N. R.A. S., 251, 152. 

Kurtz, D. W., & Martinez, P. 1987. M. N. R.A. S., 226, 187. 
Kurtz, D. W., Matthews, J. M., Martinez, P., Seeman, J., Cropper, M., Clemens, J. 

C , Kreidl, T. J., Sterken, C , Schneider, H., Weiss, W. W., Kawaler, S. D., 
Kepler, S. O., van der Peet, A., Sullivan, D. J., and Wood, H. J., 1989. 
M.N. R.A. S., 240,881. 

Kurtz, D.W., van Wyk,F., & Marang, F. 1990. M. N. R.A. S., 243, 289. 

Libbrecht, K. G., 1988. Ap. J., 330, L51. 

Martinez, P., 1991. / . B. V. S., no. 3621. 

Martinez, P., & Kurtz, D. W., 1990. M. N. R. A. S., 242, 636. 

Martinez, P., Kurtz, D. W., and Heller, C. H. 1990. M. N. R. A. S., 246, 699. 

https://doi.org/10.1017/S0252921100021035 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100021035


Discussion 575 

Martinez, P., Kurtz, D. W., Kreidl, T. J., Koen, C, van Wyk, F., Marang, F., & 
Roberts, G., 1992. M. N. R. A. S., submitted. 

Martinez, P., Kurtz, D. W., and Kauffman, G. M. 1991. M. N. R.A. S., 250, 666. 
Martinez, P., Kurtz, D. W., & Meintjies, P. 1992. M.N. R. A. S., iff press. 
Matthews, J., Kurtz, D. W., & Wehlau, W., 1987. Ap. J., 313, 782. 
Matthews, J. M., Wehlau, W. H., Walker, G. A. H., & Yang, S., 1988. Ap. J., 324, 

1099. 
Moon, T. T., & Dworetsky, M., 1985. M. N. R. A. S., 217, 305. 
Schneider, H., Kreidl, T. J., & Weiss, W. W., 1992. Astr. Ap., 257, 130. 
Shibahashi, H. 1992. in Inside the Stars, IAU Coll. 137, in press. 
Shibahashi, H., & Saio, H., 1985. Pub. A. S. J., 37, 245. 
Tassoul, M., 1980. Ap. J. Suppl., 43,469. 
Tassoul, M., 1990. Ap. J., 358, 313. 
Vauclair, S., Dolez, N., & Gough, D. 0.1991. Astr. Ap., 252, 618. 
Wolff, S. C, 1983. The A-type Stars: Problems and Perspectives, Monograph 

series on nonthermal phenomena in stellar atmospheres, NASA SP-463. 

DISCUSSION (Hensberge; Kurtz & Martinez) 

JARZEBOWSKI: (To Hensberge) The seven-year period in HD 187474 has al­
ready been suggested 30 years ago by Babcock on the basis of his magnetic 
observations. Babcock's suggestion has now been confirmed by your photomet­
ric data. My question is whether the relationship between magnetic and light 
variations, mentioned in your paper, is based on Babcock's data only or were 
there some new magnetic measurements? 
HENSBERGE: The measurements of Babcock have been confirmed by Mathys 
(A&A Suppl, 89, 121, 1991). There are small differences in the numerical scale 
but these can easily be accounted for by the differences in the instrumentation. 
MATHYS: In HD 187474, my quadratic field determinations, which were per­
formed at phases different from those of the field modulus measurements, seem 
to confirm that Aa is smaller when we see the strongest magnetic pole of the star. 
Also, you suggested that a number of long-period stars might have very small 
spectroscopic or magnetic variations and that photometric variations might be 
more easily detected. I believe that, among the stars of your sample, HD 94660 
and HD 116458 are two examples of such behaviour. 
HENSBERGE: I agree. 
MICHAUD: (To Kurtz) The temperature gradients you mention, do you have 
evidence that they are not spherically symmetric? 
KURTZ: The study of HR 3831 (Matthews et al., poster paper) was done only 
near pulsation maximum, which is also magnetic maximum, so it gives a mea­
sure of the temperature gradient at only one rotational phase. Although it would 
be impossible to use the technique of Matthews et al. at magnetic quadrature 
when the amplitude of the pulsation goes to zero, it would be possible to look 
at other rotation phases when the amplitude is non-zero to see if there is any 
aspect dependence on the temperature gradient. Do you have theoretical expec­
tations that the temperature gradient should vary as a function of latitude and 
longitude? 
MICHAUD: Yes. 
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KURTZ: We will make the observations and have a look. 
CORBALLY: Richard Gray tells me that he has seen slightly peculiar hydrogen 
line profiles in a few Ap stars. Your evidence that roAp stars have abnormal 
atmospheres makes me ask if you have observed any A Boo stars for rapid oscil­
lation, particularly those with the "Peculiar Hydrogen Line" profiles. 
KURTZ: I haven't. I have had a prejudice that the roAp phenomenon is to be 
found among the coolest SrCrEu stars and have mostly looked there. I have 
searched some hotter stars, even up to the He-weak and -strong stars, but not 
thoroughly or systematically - it has been more like a bit of part-time fishing. 
We'll have a look at a couple of PHL A Boo stars and let you know the results. 
SHORE: You mentioned nonlinearity may be present in HR 3831. Are there 
any indications of close modal splitting or low-level wings in your power spectra, 
possibly signatures of incipient chaos? 
KURTZ: For HR 3831 in the amplitude spectra shown, the answer is no. The en­
tire spectrum is adequately modelled with a frequency septuplet and appropriate 
harmonics; there is no indication of broadening for the two-week 1991 multi-site 
observations. On the other hand, the kind of signature you are asking about 
appears in an analysis of the entire 1981 - 1991 data set for HR 3831; the fre­
quency peaks break into multiple, closely spaced peaks which indicate frequency 
and/or phase instability. We are getting long-term, frequent observations of HR 
3831 now for a few years to monitor this effect. HR 1217 shows that same be­
havior: for a three-week data set the peaks are as wide as the spectral window; 
for longer runs they broaden, indicating amplitude, phase or frequency modula­
tion on a longer time scale. That modulation doesn't appear to be periodic, but 
non-periodicity is hard to prove. 
POLOSUKHINA: How many stars have measurements of radial velocity oscilla­
tions? And what agreements between power spectrum? 
KURTZ: Only two: HR 1217 and 7 Equ. The radial velocity observations on 
HR 1217 are too short to analyse for the component frequencies. The observed 
amplitude is a few hundreds of m s_ 1 . Radial velocities of 7 Equ give frequencies 
which agree with the photometrically derived ones in Afo, but the same frequen­
cies were not excited in both types of observations. However, the observations 
were separated in time, the photometric amplitude is very low, and the radial 
velocity amplitude was only a few tens of m s - 1 . 
POLOSUKHINA: What spectrum power of comparison star for oscillating stars? 
KURTZ: We CAN find constant stars! Everything we look at is not variable. At 
the frequencies of interest for the roAp stars the highest peaks in the amplitude 
spectrum of a "constant" star on a good night at Sutherland are usually in the 
range of 0.2 to 0.3 mmag for a few hours of observation with the 1-m telescope 
on an 8th magnitude, or brighter, star. 
POLOSUKHINA:Your opinion about connection between oscillation and spot­
tiness of Ap stars. 
KURTZ: As we've seen at this meeting, for many of the Ap stars the surface 
distributions of the elements is not symmetrical about the magnetic poles. In 
the case of HR 3831 we have shown that the time of rotational light variation 
extremum differs from the time of magnetic extremum, but the magnetic ex-
tremum and pulsation maximum coincide. This is a greater than 3 sigma result. 
In the case of HR 1217 the situation is the same, but the result is just on 3 
sigma. So the pulsation pattern coincides with the magnetic field, not with the 
surface element distribution. 
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