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Long-term observations with short exposures in 1999–2001 allowed us to reveal the rapid variation in light velocities
and equivalent widths of various spectral lines in the spectra of Ap stars w Psc and g Equ with pulsation periods 17 min
and 12 min respectively. To determine the pulsation periods more precisely, a frequency analysis has been applied.
Our observations show that, apart from the variability related to an axial rotation of the star, two more types of
variability in an observable group of stars have been detected: firstly, short-term oscillations with 12–17 min
periods; secondly, a relatively slow variability with 1.5–2.5 h characteristic times. The short-term spectrum
variability is shown to be observed for all programmed stars, but only w Psc and g Equ spectra variations are
periodic. The second, a slower type of spectrum variability (1.5–3 h), is also reliably observed for w Psc and g Equ
stars. According to the observed spectral characteristics, the star y Aur may be referred to a subgroup of roAp stars.

Keywords: Ap stars; Spectral observations; Variability

1 INTRODUCTION

About 30 years ago, rapid periodic brightness oscillations with amplitudes of magnitude

0.005–0.02 were detected in visible photometric bands of magnetic Ap stars. According to

Percy (1973), the brightness variation of a peculiar star 21 Com has a period of 30 min.

Short periods of brightness variations for these stars were also observed by Wood (1968)

and Kurtz (1978). Since then a group of roAp stars has been noted for rapid variation in

the brightness.

Nowadays, of the 4 known roAp stars, only four stars display a rapid variation in the oscil-

latory-type spectrum HR 1217 (Matthews et al., 1988), a Cir (Hatzes and Kurster, 1994), g
Equ (Kanaan and Hatzes, 1998; Aliev and lsmailov, 2001), w Psc (Aliev and Ismailov,

2000a). Observational features of this star group have been described in the reviews by

Weiss (1986), Shibahashi (1987), Kurtz (1990), Matthews (1992) and Weiss et al. (2000).

As a rule, the roAp stars show non-radial p-mode pulsations in the period range from 4 to

17 min and are located on the cold classically unstable branch of the Hertzsprung-Russel

(HR) diagram. As they are at the stage of hydrogen burning, they are magnetic rotators.

Also, roAp stars are probably oblique rotators (Kurtz, 1990) whose directions of magnetic

and pulsation axes do not coincide. The observational features of roAp stars evoke great
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interest for the scientific community. To study problems of stellar astroseismology, this star

group is of utmost importance. The object of the present paper is a concise description of the

results of spectral observations of Ap stars recently obtained to search for a rapid variation in

their spectra.

w Psc (HD 220825, type Sr, Cr, Eu) is one of the bright representatives of peculiar Ap stars

with the spectral class A0–A2. Different workers give different values and have obtained dif-

ferent estimates for the rotational velocity of this star. For example, Boyarchuk and Kopylov

(1964) have obtained 48 km s�1 for v sin i (v is equatorial speed and i the inclination of the

rotation axis to the line of sight, v sin i is a projection of equatorial speed to the direction of

the line of sight), and Preston (1970) reported a value of 34 km s�1. Pyper and Adelman

(1983) have obtained a rotational velocity v sin i ¼ 38 km s�1 and an axial inclination

i¼ 8� to the visual axis.

Photometric observations by Rakos (1962) (B, V) and Blanco et al. (1969) (UBV) showed a

change in the brightness with an amplitude of magnitude 0.02 spread in 0.01, with the bright-

ness curves differing from one another owing to the poor choice of standard stars by these

workers. Van Genderen (1971) has obtained a slightly corrected value of the brightness per-

iod change equal to P¼ 0.5853 days. Aliev’s (1975) spectral observations showed good

agreement for the period changes with such a period for the spectral parameters of w Psc

as well. Kreidl and Schneider (1989) have detected a brightness change with the period of

1.4200� 0.0005 days, from narrow-band photometry, and Kerschbaum and Maitzen

(1989) have detected a period of 1.412� 0.001 days from 19 points with the help of observa-

tions in the u band of Stromgren photometry.

Previous observations revealed a variable magnetic field on the star surface with extreme

values of �400 and þ200 G (Didelon, 1983) and �400 and þ190 G (Leroy et al., 1994).

Star g Equ (HD 201601) is one of the well-studied stars among roAp (Sr, Cr, Eu) stars with

very narrow spectral lines and a spectral class A7I is a slow rotator with a period of 74 years

(Leroy et al., 1994). According to speed photometry (Martinez et al., 1996), at least four

unstable oscillation modes have been revealed. According to Scholtz et al. (1997), during

1995–1996 the star radial velocities showed a rapid change from �16.81 to �4.28 km s�1.

These workers assumed that g Equ was a long-period binary system with large eccentricity.

Mkrtichian et al. (1998) showed that the data of Scholtz et al. (1997) did not agree with their

results of measuring 758 radial velocities of g Equ obtained during 1994–1996.

Using high-precision observations, Kanaan and Hatzes (1998) revealed a variation in the

star’s radial velocities Vr of 100–1000 m s�1 from different spectral lines. The radial velocity

change for different lines is shown to agree with the pulsation period of 12 min, which is in

the range of the same modes as obtained from photometry in the paper by Martinez et al.

(1996). Malanushenko et al. (1998) revealed a variation in Vr values with an amplitude of

about 1000 m s�1 from the lines Pr III and Nd III. These workers detected two of the four

values of the periodic pulsation frequencies revealed previously from the photometry by

Martinez et al. (1996).

Cowley et al. (1969) established a bright component of the visually binary system ADS

4566, below called y Aur (HD 40312¼HR 2095¼ 37 Aur), to be an Ap star with an A0p

Si spectrum. From Winzer’s (1974) UBV photometric data a brightness variability period

of 1.3717 days was obtained. The magnetic field, according to Borra and Landstreet

(1980), and the Hb index, according to Musielok and Madej (1988), change with a period

of 3.618 days. From the recent data obtained by Hatzes (1991) the period is 3.611 87 days.

According to Adelman’s (1997) uvby observations, the brightness also changes with the rota-

tional period P¼ 3.6187 days.

Rice et al. (1984) showed that a small change in the star spectrum continuum to be

observed only at certain instants. According to Hatzes (1991), the Si distribution is observed
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in the form of a small spot at the latitude þ50� where the magnetic field is negative. Also, a

ring-shaped belt of Si distribution is observed along the magnetic field equator.

2 OBSERVATIONS AND RESULTS

Our observations were made using the Coudé echelle spectrometer of 2 m focus of the

telescope of Shemakha Astrophysical Observatory, National Academy of Sciences of

Azerbaijan. Its dispersion is 3–5 Å mm�1, with a 530 pixels� 580 pixels charge-coupled

device matrix being used. The Ap star spectrograms were obtained during 1–3 h with short

exposures. The spectral resolution is R¼ 30 000. About 200 spectrograms were obtained

for programmed stars and standards with the Ha line signal-to-noise ratio of 80–120. The

total spectrum range l¼ 4300–6700 Å is covered with the matrix window in 40 orders. The

observation procedure and spectral material have been described in the papers by Aliev and

Ismailov (2000a; 2001). Table I presents a log for individual programmed stars. The second

and third columns of the table presents the instants of the beginning and end respectively of

the observation run in Julian dates (JDs). The fourth and fifth columns list the numbers of

spectrograms and the mean values of the temporal resolution for one spectrum of a given run.

To achieve a high precision of the positional measurements from spectrograms, it is

important to plot a dispersion curve in orders. The programme packet presents a solar spectrum

catalogue in which the values of laboratory wavelengths are given to an accuracy of�0.0001 Å.

The dispersion curves were constructed from the daylight spectrum. The mean dispersion error

is s� 0.08 Å in each order; the rms deviation of each reference line in the dispersion curve is

s� 0.003–0.006 Å. This means that each measurement of the line position may be estimated to

an accuracy of�0.15–0.30 km s�1. In practice, owing to distortion of the spectral line, the accu-

racy of measurements may amount to 0.5–0.9 km s�1 for individual line positions. The mean

error of measuring equivalent widths does not exceed 5%.

After selecting (non-blended) relatively pure spectral lines of different orders from red

and blue range, radial velocities and equivalent widths of up to 15 spectral lines, Ha, Hb,

Mg I, Mg II, Fe I, Fe II, Cr II, Si II and Ti II, were measured for each star. To perform a

TABLE I Log of Observations of Ap Stars w Psc, g Equ and y Aur

Ap star
Start of

observation
End of

observation
Number

of spectra
Mean exposure

time (min)

w Psc JD 2451057.4417 JD 2451057.4993 15 5
JD 2451058.3549 JD 2451058.4243 13 6
JD 2451075.4614 JD 2451075.4861 3 6
JD 2451076.3681 JD 2451076.3889 3 5
JD 2451450.4056 JD 2451450.4771 13 5
JD 2451451.4444 JD 2451451.4903 8 4
JD 2451452.4389 JD 2451452.5160 12 6
JD 2451453.3611 JD 2451453.4097 13 6

g Equ JD 2451451.3507 JD 2451451.4306 13 6
JD 2451452.3188 JD 2451452.4201 18 7
JD 2451453.2965 JD 2451453.3458 11 6
JD 2451744.4431 JD 2451744.4799 10 7
JD 2451768.3306 JD 2451768.3403 2 6
JD 2451769.3826 JD 2451769.3875 2 6

y Aur JD 2451450.4972 JD 2451450.5681 32 2.8
JD 2451451.5118 JD 2451451.5493 10 3
JD 2451453.4188 JD 2451453.4444 9 4

RAPID DYNAMIC PROCESSES IN Ap STAR ATMOSPHERES 469
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frequency Fourier analysis for measured parameters, Scargle’s (1982) method, as modified by

Horne and Balinas (1986), was applied. The code for the period search algorithm was written

by I. I. Antokhin and some methodical questions connected with the algorithm’s application

are presented by Antokhin et al. (1995). Some results on the frequency analysis of spectral -

parameters were given in the papers by Aliev and Ismailov (2000b; 2001). In the present

paper, we sum up the results obtained and conclusions arrived at for individual

programmed stars.

2.1 v Psc

Figure 1 presents the time dependences of radial velocities for the Ha, Hb, Mg II (4481 Å),

Cr II (4836 Å) and Si II (5041 Å) spectral lines for separate series. Changes in Vr are seen to

FIGURE 1 Time variations in the radial velocities Vr of some spectral lines of w Psc in separate series.

470 N. Z. ISMAILOV
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differ for individual lines of the separate series, with a variability of oscillatory type being

observed for 1.5–2 h. During the observations of some series, oscillation amplitudes may

increase or decrease up to their complete disappearance. The oscillation amplitudes of radial

velocities for the usual lines range from 5 to 10 km s�1 and from 20 to 30 km s�1 for lines of

peculiar elements such as Cr II and Si II.

The frequency analysis revealed mainly three modes of the significant frequency corres-

ponding to periods P1¼ 0.585� 0.025 days, P2¼ 0.0119� 0.008 days and P3¼ 0.0096�

0.006 days. The period P1 corresponds to the axial rotation period of the star, which was

previously detected by Van Genderen (1971).

A more probable value of the w Psc pulsation period is P2¼ 0.0119 days¼ 17.28 min,

since this has been more frequently observed on the power spectrum diagrams as a strong

peak. Aliev and Ismailov (2000a) were the first to report its existence.

The frequency analysis in the range 0–120 days�1 showed the existence of the oscillatory per-

iod P3¼ 0.0096 days¼ 13.8 min, which does not prove to be strictly periodic in different dia-

grams. We have not found any stable frequency near n¼ 0.6 days�1, whose existence was

reported by Kreidl and Schneider (1989) as well as by Kerschbaum and Maitzen (1989),

although sometimes a peak at the corresponding frequency was observed from some parameters.

Figure 2(a) presents the dependence of the mean radial velocities on a phase of period

P2, averaged over the phase in 0.05P, and their rms deviation. The value of the mean radial

velocities is shifted to zero as they are corrected for the star mass centre radial velocity

V0¼�5.3� 0.5 km s�1. Hence, we have obtained a satisfactory periodicity in phase for Vr

values. At the bottom of Figure 2(b) is the dependence of the intensity of the magnetic

field of the star on the oscillatory period P2, according to the data obtained by Borra and

Landstreet (1980). In spite of using the data obtained by different workers, the magnetic

field of the star is seen to show a definite dependence on the pulsation period P2.

Using the half-width values FWHM of approximately 1.08� 0.05 Å for the Mg II

(4471 Å) line for the mean radial velocity of w Psc, we obtain v sin i ¼ 38 � 2 km s�1.

Assuming that the star has an axial rotation period P¼ 0.583 days for possible values of

A0–A3 star radii equal to (2.6–3)R�, the equatorial rotational velocity may be estimated

to be about 250 km s�1 and the orbit inclination angle with respect to the line of sight to

be i¼ 9� 1�.

2.2 c Equ

To investigate the star spectrum, the Fe I, Fe II, Mg I, Mg II, Ti II and Cr II lines as well as the

Ha and Hb lines have been chosen. The mean heliocentric value Vr for g Equ,

16.48� 0.3 km s�1, is obtained from the Fe I, Mg I and Fe II lines; this is in good agreement

with the data obtained by Mktrichian et al. (1998) within errors. Later, the values of Vr on the

figures were shifted to zero by subtracting the mean value of Vr. The results of measurements in

separate series have shown that we observe variation in Vr some lines from one spectrum to

another. Figure 3 presents the change in the radial velocity of the Fe I (5171 Å), Mg I

(5172 Å) and Cr II (4836 Å) spectral lines on the first night of observations. Figure 3(b)

presents the time change in Vr in the second observation run from the Fe I (5162 Å), Fe II

(5169 Å), Cr II (4836 Å) and Ha lines.

As seen from Figure 3, two types of change are observed simultaneously:

(i) a rapid pulsation with a short-time change;

(ii) a relatively slow change during the characteristic time of about 1.5 h;

RAPID DYNAMIC PROCESSES IN Ap STAR ATMOSPHERES 471
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Both types of change are well marked in Figures 3(a) and (b) in both the first and the second

observation runs; the first run shows two minima and a maximum, and the second run two

minima and two maxima. Similar oscillations of Vr values are observed in the rest of the

observation runs as well. In other words, relatively slow changes in the Vr values are observed,

and against the background of the latter there occur short-time pulsations for about 1.5 h. The

short-time pulsation amplitude also changes from a maximum to its detection limit.

A frequency analysis has been performed for Vr of the Fe I (5162 Å), Mg I (5172 Å), Fe II

(5169 Å), Cr II (4836 Å) and Ti II (4468 Å) lines. From the frequencies detected, we chose

the four often observed and whose power spectrum exceeds the 3s level for the Cr II and Fe

II lines. These frequencies n1¼ 96.665 days�1 (1119 mHz), n2¼ 114.385 days�1 (1324 mHz),

FIGURE 2 The phase diagram (a) for the mean radial velocity for all measured spectral lines with step 0.05P in
the oscillating period P2 and (b) for the magnetic field strength obtained by Borra and Landstreet (1980) in the
oscillation period P2.

472 N. Z. ISMAILOV



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

] A
t: 

11
:5

4 
29

 J
an

ua
ry

 2
00

8 

n3¼ 110.335 days�1 (1277 mHz) and n4¼ 124.505 days�1 (1440 mHz) correspond to periods

of 14.897, 12.589, 13.051 and 11.566 min respectively. The frequency n4 was observed

within � 70 mHz in the spectra of 80% of the lines under investigation and was assumed

to be the most probable value of the pulsation period. Thus, our observations revealed the

two most probable frequencies n2 and n4, which correspond to 1324� 80 mHz and

1440� 70 mHz respectively. These pulsation mode values are very close to the period values

presented by Malanushenko et al. (1998) as well as to those from spectral observations by

Aliev and Ismailov (2000a) and Kanaan and Hatzes (1998).

FIGURE 3 Time variations in the radial velocities for some spectral lines of g Equ in series.

RAPID DYNAMIC PROCESSES IN Ap STAR ATMOSPHERES 473
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It should be noted that not one constant value but different, very close period pulsation

values have been observed.

In Figure 4 we present a phase convolution of the pulsation period P4¼ 0.0080�

0.002 days of all radial velocity values from the measured lines except the hydrogen lines.

Two humps are observed during the period with phase maxima being near 0.3 and 0.8. As

an epoch onset, JD 2451451.4118 was chosen, which corresponds to the absolute minimum

of Vr values in the first observation run and to the maximum deviation of radial velocities Vr

from the mean value. The maximum dispersion of the radial velocities does not exceed

� 3 km s�1 for all lines (Fig. 3), whereas the mean amplitude values of Vr are 1–2 km s�1

for some lines. For example, Figure 4 presents phase curves convolved over the period

value P¼ 0.008 days. As seen from Figure 4, some observed lines are opposite in phase to

the pulsation period. Figures 4(a) and (b) show the lines whose values change synchronously.

The grouping was performed by convolving each line separately over a given pulsation

period, and the resulting curve was approximated by a fifth-power polynomial. Later, the

grouping was performed in the shape of the mean Vr curve. The Fe II (5169 Å), Fe I

(5171 Å) and Mg I (5172 Å) lines proved to be in one group (Fig. 4(a)), and the Ti II

(4468 Å) and Fe I (4485 Å) in another (Fig. 4(b)). The Cr II lines measured in the blue

FIGURE 4 A phase diagram of radial velocities of some spectral lines for the pulsation period
P4¼ 0.0080� 0.002 days.
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part of the spectrum behave unpredictably, and they cannot be included in either of these line

subgroups. It should be noted that the singled-out line groups are divided in wavelength as

well. The first group of lines is formed closer to the red part, and the second group to the blue

part of the spectrum.

Beginning with Babcock’s (1958) paper, the magnetic field of g Equ has been measured

repeatedly by many workers. These measurements were performed by different methods

and accuracies; thus it is difficult to relate the observed changes in the magnetic field of

the star to the pulsation period that we have detected. According to Bonsack and

Pilachowski (1974), the magnetic field of the star changes with a period of about 72 years

and fluctuates with respect to the mean curve. To reveal a definite connection with the mag-

netic field of the star, we have considered more homogeneous observations by Bonsack and

Pilachowski (1974) which cover the period from 1960 to 1973 (60 measurements) as well as

relatively new data obtained by Borra and Landstreet (1980) (6 measurements).

Figure 5(a) presents a phase curve of the magnetic field of g Equ convolved over the period

pulsations that we have found according to the data obtained by Bonsack and Pilachowski

(1974). This plot resembles Figure 2, where we have drawn a curve of radial velocities of

a given star. Since the array, according to the data determined by Bonsack and

Pilachowski (1974), covers a long period of observations, in different seasons we possibly

observe star pulsations in antiphase as well. These data are well convolved with the pulsation

period. The data Borra and Landstreet (1980) using another method are also described well

FIGURE 5 Phase diagram for the magnetic field strength based on measurements by (a) Bonsack and Pilachowski
(1974) and (b) Borra and Landstreet (1980) for period P4.

RAPID DYNAMIC PROCESSES IN Ap STAR ATMOSPHERES 475
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by the pulsation period of g Equ. The mean line in Figure 5(b) is a result of approximation by

a sixth-power polynomial. Both curves in Figures 5(a) and (b) show a coincidence of the

phase maximum at the phase 0.4.

2.3 h Aur

As indicated in the paper by Rice et al. (1984), during five nights of observations in

1981–1982 they did not obtain clear changes in the star spectrum. To verify the spectral

changes that we have obtained from some lines of the spectrum, we divided the spectra of

the same domain by the spectrum on JD 2451450.5056. Figure 6 presents a residual spec-

trum in the domain of the Si II (5041–5056 Å) lines obtained by dividing spectrograms

for different nights by the above-mentioned star spectrum. The numbers for each relation

in Figure 6 correspond to the following dates: spectrum 1, JD 2451450.5076; spectrum 2,

JD 2451450.5097; spectrum 3, JD 245451.5347; spectrum 4, JD 2451453.4215. Spectra 1

and 2 revealed a considerable number of residuals. It should be noted that both spectra

were obtained on the first night of observations. Similar results were observed in the domains

of the Cr II (4558 Å) line as well.

Figure 7 presents the dependence of radial velocity values of the Cr II and Si II spectral

lines on the spectrogram number. A break in the lines indicates another observation run.

As a whole, the values of Vr of the above-mentioned lines do not show considerable changes

FIGURE 6 A residual spectrum obtained by dividing the spectra on different nights of observation by the specified
spectrum of the star. The numbers corresponds to the following dates: spectrum 1, JD 2451450.5076; spectrum 2, JD
2451450.5097; spectrum 3, JD 2451451.5347; spectrum 4, JD 2451453.4215.
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within � 3s, except for the beginning of the first run of observations on JD 2451450. Here a

change in the values of Vr of both elements has been observed.

Figure 8 presents a phase curve of the magnetic field according to the data obtained by

Borra and Landstreet (1980), a brightness curve obtained from Adelman’s (1997) data as

well as values of the radial velocities and equivalent widths of the Si II, Cr II and Fe II

spectral lines. The spectral parameters that we have studied are seen to vary synchronously

as the star rotates. It should be noted that the Si-type stars show pronounced peculiar

properties in the Cr II lines too.

3 CONCLUSION

Based on the spectra obtained in 1998–2000 with high temporal and spectral resolution, a

rapid periodic variation in the spectrum of the Ap star w Psc with the period

P¼ 0.012� 0.0005 days (17.28� 0.72 min) was revealed. Variability of oscillatory type is

observed during 1–3 h for radial velocity values, equivalent widths and other spectral

parameters with increasing and decreasing amplitudes. More active changes have been

obtained in the Cr II, Si II and Ti II spectral lines. The maximum values of the radial velocity

amplitude are different for different lines and change from 5 to 50 km s�1. Taking into

account the characteristic time of variability, one may estimate characteristic dimensions

of active regions in the w Psc atmosphere as 5000–50 000 km.

FIGURE 7 Variation in the radial velocities for some spectral lines of y Aur in a sequence of series of observation.
V�V0 is the difference between the radial velocities of a given spectral line from that of the mass centre of the star,
and N is the number of spectra in separate series of observations.

RAPID DYNAMIC PROCESSES IN Ap STAR ATMOSPHERES 477
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For the g Equ star the results of frequency analysis from radial velocity measurements of

different lines have shown the existence of some close pulsation modes corresponding to

1440� 70 mHz (11.57 min). The equivalent widths, half-widths, residual intensities of

most lines and magnetic field intensity obtained by different researchers show a periodic

variation in the pulsation period. We assume that the variation in the magnetic field affects

directly the physical phenomena taking place in the atmosphere of a star. These results

FIGURE 8 Phase curves: magnetic field H from the data obtained by Borra and Landstreet (1980), brightness V
(Adelman, 1997), mean of radial velocities Vr and equivalent widths Wl of the Si II, Cr II, and Fe II spectral lines.
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suggest the existence of real dynamic processes which may change physical conditions in the

atmospheres of stars being considered.

Both w Psc and g Equ show synchronous changes in the spectral parameters of

atmospheric lines and in the intensities of the local magnetic field of the star. Thus we see

real rapid dynamic processes which occur in the atmospheres of roAp stars.

For the y Aur star, two types of spectral change have been revealed. The first type of

variation in the parameters of the spectral line is possibly related to the axial rotation period.

Synchronous changes in the brightness and the magnetic field intensity of the star

(Vmax I¼ JD 2446337.465þ 3.6187E) were revealed. The second type of variation in the

star spectrum with the characteristic time 15–25 min is uncommon and is probably related

to the oscillatory variability in the y Aur atmosphere.

We have arrived at the conclusion that observed pulsations in the atmospheres of two roAp

stars are non-radial, allowing for the observed features and based on the following facts.

(i) The observed rapid pulsations are of resonance type with the characteristic time 1.5–3 h.

(ii) The pulsation period value not exceeding 17 min gives unreasonable values of radial

velocities for non-radial pulsations.

(iii) The gas motion velocities in the atmospheres of Ap stars are of the order of the velocity

of sound on the star periphery (see for example Severnyi (1988)).

Thus the complex study of the local magnetic field and chemical peculiarities in the

atmospheres of Ap stars allows one to understand the nature of seismic processes observed

in the atmospheres of Ap stars.
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