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Abstract. — Results are presented for two flares detected by the X-ray satellite GINGA, the International Ultra-
violet Explorer satellite, ground-based Johnson U-band photometry, and optical spectroscopy from the Isaac Newton
telescope for the RS CVn star II Peg. For the larger of these flares, we estimate the total optical energy in the
4000 — 6750 A region to be at least 1.4 x 10%® erg. The contribution from emission lines in this spectral region is
= 3%. The X-ray flare spectra were fitted with single temperature Raymond-Smith type models which ranged from
65x10%K towards the flare peak to 40x 10°K later in the decay phase, with the emission measure varying from 25 x 1053
t0 13.6 x 10%3cm~3. We estimate the total radiative energy in the 1 — 10 keV energy range to be ~ 2 x 10%° erg. The
U-band flare energy is of the order of 4 x 103° erg. During the flare, the hydrogen Balmer lines were substantially
broadened, however, the Ca II K was only marginally broadened. Besides the normal strong lines such as Ca H & K,
H 6 and H «, two other emission lines were present during the flare. The first of these was He I 4026A, which has been
observed previously during the impulsive phase of flares on dMe stars. However the second line has not been observed
before, being due to Mn I 4032A. For the quiescent X-ray spectrum a single temperature Raymond-Smith fit gives a
rather poor fit. The best fitting results were obtained for a combination of a single temperature plasma together with
a power-law to the data above 10 keV. The single temperature component implies a temperature of 12.4 x 108K with
an emission measure of 1.5 x 10°3cm™3. The iron abundance in the quiescent spectrum was close to solar, however for
the flare spectra an abundance of 33% of solar was required to give acceptable fits.

Key words: RS CVn star — flare — X-ray spectra — Raymond-Smith models — Balmer emission lines — radio.

1. Introduction. per reported only the GINGA X-ray and ground-based
Johnson U-band observations. Here, we extend the earlier
analysis by reporting on all the flare data obtained dur-
ing that time; this includes ultraviolet spectra and optical
photometry obtained with the International Ultraviolet

In a previous related paper (Doyle et al. 1991) we re-
ported preliminary results of a large flare detected on the
RS CVn type star I Peg in August 1989. The above pa-
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Explorer (IUE), optical spectra obtained with the Isaac
Newton Telescope (INT) on La Palma, radio data ob-
tained with the Very Large Array (VLA), plus additional
photometric data from several other sites. In addition, we
also present the quiescent data.

II Peg (=HD 224085) is a single-line spectroscopic
binary of spectral type K2 IV-V with an orbital period
of approximately 6.7 days. It is photometrically variable
showing a wave-like variation, of the type usually inter-
preted as due to cool surface spots. Based on the photo-
metric variability, II Peg was first classified as a BY Dra-
type variable. A more detailed study by Rucinski (1977)
however concluded that it was probably an RS CVn-type
star. Rodoné et al. (1986,1987) and Byrne et al. (1987)
reported on contemporaneous optical photometry and ul-
traviolet spectroscopy taken in 1981. The ultraviolet data
indicated a modulation with phase in the sense that the
maximum ultraviolet line emission was observed at phases
near the minimum in the optical light curve, interpreted
as due to the rotation of a solar-like active region. How-
ever, observations obtained since 1981 (e.g. Doyle et al.
1989a and Tagliaferri et al. 1991) now seem to indicate
that these high points, observed most strongly in transi-
tion regions lines, such as C IV, could be flare related.
In fact, there was a 7.5% probability that the 1981 high
points were flare related (Doyle et al. 1989b), although at
the time this was dismissed since the high points spanned
almost two orbital rotations. In the 1986 data, Doyle et al.
(1989a) reported evidence for a rotational modulation in
lines such as Mg IT h & k and O I 13054, which was quite
different from the 1981 data reported by Rodond et al.
(1987) in the sense that the largest UV enhancement was
observed when the major spot concentration was on the
opposite hemisphere. Throughout the previous observing
programmes connected with II Peg, several flares were
observed in the UV region. However, none of these events
was observed optically. The intention of this observing
programme was to monitor II Peg in as many wavebands
as possible for flare activity, the previous campaigns being
orientated towards rotational modulation effects.

The paper is divided as follows. In Sect. 2 we outline
the various datasets and their reduction. Section 3 is the
results section, which includes details on the modelling of
the X-ray data for both the large flare and the quiescent

state. Finally, in Sect. 4 the various results are briefly
summarised.

2. Observational data and reduction.

2.1. X-RAY DATA

The X-ray data were acquired by the Japanese X-ray
satellite GINGA from 12:28 UT on 14 August to 03:33
UT on 17 August 1989. The instrument used was the
Large Area Proportional Counter (LAC, see Turner et al.
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1989 for further details), which is sensitive to photons in
the energy range 1 to 35 keV. A description of the data
and its reduction can be found in Doyle et al. (1991).
The spectra were accumulated every 16 sec, with II Peg
being detected in quiescence (non-flaring) throughout the
observing period at approximately 6 cts s~!. (It should be
noted that due to the GINGA orbit for this target, the
source was occulted by the Earth for ~ 35% of the time.
In addition the detectors were shut-off during passage
through the South Atlantic Anomaly). During the period
of monitoring, two X-ray flares were detected. The first of
these on 16 August showed only a 30% enhancement over
quiescence. The second, much larger flare was detected
on 17 August, just after GINGA exited from the South
Atlantic Anomaly. After an additional 35 min on-target,
the satellite slewed to the next object. This second flare
showed an X-ray enhancement of a factor of 30 over
quiescence (see Fig. 1).

2.2. OPTICAL DATA
2.2.1. Photometric data

During a continuous 48 hr period of IUE observations
beginning 22:40 UT August 14, 1989, a total of 32 pho-
tometric measurements were made using the Fine Error
Sensor (FES). These FES counts were converted to give
V magnitudes using a program given by Barylak (1989).
According to the latter reference the uncertainty in V is
+0.05 relative to the standard system but with internal
errors much less.

Ground-based photometric observations were also ob-
tained from several sources. Firstly, monitoring was car-
ried out at Mt. Suhora Observatory (Poland), using a 60
cm Cassegrain telescope equipped with a double-channel
photometer and blue and yellow filters which together ap-
proximate the Johnson B and V bands. The monitoring
period was 15 August 20:28 to 16 August 01:59 UT, and
16 August 20:26 to 17 August 00:51 UT, with 30 sec inte-
gration times throughout. The local comparison star, BD
+27°4648 was also measured which yielded a standard de-
viation in both filters of £0.006 mag. The second data set
comprised UBV (RI)k¢c measurements made either once
or twice per night for 29 nights over a four month period
beginning mid-July 1989 at the South African Astronomi-
cal Observatory using the 50 cm telescope, equipped with
a single channel photometer. The local comparison star in
this case was BD +28°4667 (= HD 224084) with trans-
formations to the standard system using E-region stars of
Menzies et al. (1980). The third set of observations were
performed with the 1m telescope on Mt. Maidanak in
Uzbekistan, USSR using the standard set of glass filters
of the Vilnius UPXYZVS system. The instrumental V'
values were transformed into the standard Vilnius system
using linear relations derived from observations of Cygnus
standard stars. The time resolution of the measurements
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was of the order of 1 min, i.e. 10 measurements with an
integration time of 1 sec in each filter. These observations
were obtained 15:58 — 20:40 UT on August 15 and 15:31 —
19:00 UT on August 16. The local comparison star chosen
was BD +28°4665 (= HD 224106). The observations on
both the 15 and 16 August 1989 were obtained in five col-
ors, UBV(RI)kc, from Konkoly Observatory, Hungary.
Again the comparison star chosen was BD +27°4648.
Additional BV photoelectric observations were obtained
on both of the above dates from the Kryonerion Astro-
nomical Station using the 1.2m Cassegrain reflector of
the National Observatory of Athens, Greece. Finally, a
dataset was obtained from the Stephanion Observatory
using the 0.75m Cassegrain reflector of the University
of Thessaloniki. These observations were in UBV over
the interval 3 to 14 August 1989. The comparison stars
were BD +27°4648 and BD +28°4667 for the period 2
- 5 August, while for the remainder of the observations
BD +27°4648 was replaced by BD +28°4665. A summary
of the available photometric data can be found in the
Appendix (Tables Al to A6), while the magnitudes of
the comparison stars are given in Table 1. In order to
help identify the monitoring periods of the various tele-
scopes/instruments we plot in Fig. 2 the time-lines for all
the observations.

In addition to broad-band photoelectric measurements
of the quiescent emission, flare monitoring data was also
obtained at Stephanion during the GINGA, IUE and INT
observations. This was in the Johnson U-band only, with
the data being digitized every 6 sec. During the period
from 22:10 UT on 14 August 1989 to 02:40 UT on 17
August, ~ 13" of monitoring was obtained, with three
optical flares being detected (two of these being detected
with GINGA and only one with IUE). Table 2 contains a
summary of the monitoring intervals. On 17 August 1989,
the largest of the three flares was detected; a light curve
of this event, with both the U-band and X-ray data on
the same time-scale, is shown in Fig. 1.

2.2.2. Spectroscopic data

Spectroscopic data in the blue (i.e. covering Ca Il H & K
to H 7) and the red (covering H o) were obtained on three
nights; 14 August 22:38 UT to 15 August 05:17 UT, 15
August 22:59 UT to 16 August 06:09 UT and 16 August
22:26 UT to 17 August 06:03 UT on the Isaac Newton
Telescope at La Palma. The telescope was equipped with
the Intermediate Dispersion Spectrograph, a GEC blue-
coated chip and a grating with a dispersion of 35 A
mm~!. In the mode of observations, exposures of 60 sec
in the blue and 30 sec in the red were made alternatively
throughout the night. This gives an effective cycle time of
approximately 4 mins. For the wavelength calibration, a
CuAr arc was obtained every 2-3 hrs., and for calibration
of the wavelength sensitivity, two or three standard stars
were observed per night.
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The data were reduced with the STARLINK packages:
FIGARO (Fuller 1989) and DIPSO (Howarth & Murray
1987). The spectral resolution at HS was ~ 1.4 A and
at Ha it was ~ 1 A. The instrumental response and
wavelength sensitivity were removed by comparing with
spectra of standard stars taken with the same grating and
slit setting. Absolute flux calibration was also through
comparison with these standard stars. The accuracy of our
flux calibration was checked by comparing the blue and
red continuum flux with the broad band B and R fluxes
using the calibration of Bessell (1979). The agreement was
within 20% to 30%.

2.3. ULTRAVIOLET DATA

Ultraviolet spectroscopic data were obtained continuously
over approximately a two day period beginning at 22:40
UT on 14 August 1989 to 21:00 UT on 16 August, with
the International Ultraviolet Explorer (IUE) satellite. We
obtained a 30 min. high dispersion LWP (1900 - 3200 A)
exposure (~ 0.2 A spectral resolution) followed by a dou-
ble low dispersion SWP (1150 - 1950 A) exposure (~ 5 A
spectral resolution) on the same image, each of these ex-
posures being 30 min. A log of the observations is given in
Table 3. The spectra were extracted from the IUE images
using the STARLINK package IUEDR (Giddings 1983).
Once extracted, these spectra were then further analysed
using DIPSO.

2.4. RADIO OBSERVATIONS

11 Peg was observed using the NRAO?! Very Large Array
on 1989 August 15 over the period 08:45 - 14:55 UT and
on August 16 over the period 08:42 - 15:19 UT. The array
was split into two subarrays; one observing continuously at
6 cm, while the other observed alternatively at 3.6 cm and
20 cm. At each frequency two adjacent 50 MHz bandpasses
were used. The observing frequencies were 8.465 and 8.415
GHz (3.6 ¢cm), 4.885 and 4.835 GHz (6 cm), and 1.515
and 1.465 GHz (20 cm). A nearby phase calibrator was
observed at roughly 25 minute intervals, 3C48 being used
as the primary flux calibrator with assumed flux densities
of 3.29, 5.60, and 15.47 Jy at 3.6, 6 and 20 cm respectively.
Data from the two bandpasses in each band were combined
to increase the stellar signal. The data were calibrated and
reduced using standard Astronomical Image Processing
System (AIPS) routines. Radio light curves were derived
using the AIPS routine DFTPL.

1 The National Radio Astronomy Observatory is operated

by Associated Universities, Inc., under National Science
Foundation Cooperative Agreement AST-8814515.
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3. Results

3.1. QUIESCENT STATE
3.1.1. Photometric data

In Fig. 3 we show the V-band data for II Peg as a function
of phase, using the orbital ephemeris of Vogt (1981), i.e.

JD, = 2443033.47, Porvital = 6.72422 days

The overall agreement between the various datasets is very
good, with zero point shifts of the order of 0.02 mag being
required to bring the various light curves into agreement.
The magnitudes for the three comparison stars can be
found in Table 1. The large cyclic variations of AV =
0.45 is similar to the 1986 value of 0.5, implying perhaps
40% of one hemisphere covered by spots (Doyle et al.
1988). In addition to the over-all photometric variability
mentioned above, the FES data shows a symmetric 0.15
mag. “dip” just after phase 0.0, lasting a total of ~ 8 hrs.
This type of short-term variation has not been observed
previously. We have been unable to find any instrumental
reason, although further observations are required. There
are three possible explanations which include:

3.2. A PROMINENCE

The “dip” could be the result of an eclipse due to a
cloud of neutral hydrogen high in the corona. Such cool
clouds of gas have been observed on rapidly rotating K &
M dwarfs, e.g. Collier Cameron & Robinson (1989) and
Doyle & Collier Cameron (1990). An indication of cool
dense material being present high in the atmosphere of
IT Peg during a flare has been reported previously by
Doyle et al. (1989). However, a major problem with this
interpretation is that although prominences have been
observed in absorption lines such as H o, Ca Il H & K
etc., no such feature has been dense enough to be optically
thick in the visible continuum.

3.3. A COMPANION

The secondary in the II Peg system has yet to be ob-
served, but one possible interpretation of the photometric
“dip” is that it is due to an eclipse by the companion
since phase 0.0 is defined as the time when the primary
is furthest from the observer. Taking the effective tem-
perature of the primary to be ~ 4700 K and a radius
of 2.8Rg, and assuming the eclipse is total and ignoring
limb-darkening, we find the radius of the secondary to
be ~ 1Rg. This value is not critically dependent upon
the surface brightness of the secondary. The phase differ-
ence between the first and fourth contact is ~ 20°, hence
the orbital separation between the components would be
(Ry + R3)/sin 10, i.e. ~ 20Rg. Furthermore, we find the
mass of the secondary to be ~ 0.6 Mg, the primary ~ 2Mg
and a luminosity ratio between the components of ~ 0.05.
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The above estimated radius and mass of the secondary
would imply an M dwarf of spectral type MO.

3.4. A FLARE

An alternative explanation is that the increase in the FES
mag. beginning at phase 0.95 is due to a large flare, with
the flare decay beginning at phase 0.01 and ending at
phase 0.04. In this interpretation, the rising part of the
apparent “dip” is simply the under-lying spot light-curve.
Using the V-band flux calibration of Bessell (1979), im-
plies a V-band flare energy of ~ 1.2x 1036 erg. Other large
energetic flares have being observed on II Peg previously,
e.g. Doyle et al. (1989) estimated a total radiative energy
of 2.4 x 1038 erg for a flare observed with IUE. However,
if this is a flare, there is no corresponding increase in the
simultaneous IUE data which one would expect for such
an energetic event.

3.4.1. X-ray data

In Table 4 we present the results of the spectral fits to the
quiescent X-ray spectrum, which was summed over the
entire period of GINGA observations, excluding the peri-
ods of flare activity. The fitting procedure was performed
for combinations of Raymond & Smith model plasmas and
power-law photon distributions. Since II Peg is at 30 pc,
the line-of-sight absorbing column density is essentially
zero. The best fitting results were obtained for a com-
bination of a single temperature plasma together with a
power-law. The quiescent spectrum is incompatible with
a single temperature model alone. Two-temperature mod-
els do result in a very high, but uncertain, temperature
(Te > 10® K) for the second component. The reason for
this second high temperature component is the tail in the
photon distribution, which extends up to 18 keV (see Fig.
4). We have made extensive efforts to check the validity
of this high energy emission. We do not believe it is due
to background subtraction problems: IT Peg lies well away
from the galactic plane (I = 108.2°,b = —32.6°), and it
would require an excess of ~ 10% over the ’average’ diffuse
hard X-ray background. This is equal to the galactic con-
tribution towards the galactic centre (Iwan et al. 1982).
In fact II Peg is situated in a region of the galaxy where
the hard X-ray background is within 1.5% of the mean
intensity (Iwan et al. 1982). We can also rule out a second
source in the field, since neither the EINSTEIN Observa-
tory nor EXOSAT reported any other point sources in the
field of I Peg. Therefore we decided to add a power-law
component. This resulted in a considerable improvement
of the reduced chi-square. Of the fits which consist of a
one-temperature plasma and a power-law, the one with a
slight over-abundance of iron gives the lowest value of the
reduced chi-square.

The ’best-fit’ results that we will use is a temper-
ature of T, = 12.4 x 106 K and emission measure
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EM = 1.5 x 10%cm=3. The results for the power-
law component {J(€) = Ae~7phem™?s-1keV~!'} are
A = 1.86 x 10-3 and ¥ = 2.05. It is necessary that the
power-law distribution turns over and becomes steeper
somewhere above 18 keV (this being the high energy cut-
off of the present observations), otherwise the total flux
{5 J(€)ede} becomes infinite. The total radiative losses
by the power-law component between 1 and 18 keV is
9 x 102%rgs~1.

3.4.2. Ultraviolet data

Line fluxes of the prominent emission lines were derived
by least-squares Gaussian fits. These are given in Tables
5 and 6. The FWHM of the fitted lines were consistent
with the instrumental width of ~ 5A for low resolution
SWP spectra (Cassatella et al. 1985). The derived line
fluxes at Earth were reduced to surface fluxes at the star
using the conversion factor from Table 7 of Rodond et
al. (1986), i.e. 2.3 x 10'7 . In Fig. 5a, we show the C IV
1550A flux as a function of time from 14 August 23:00 UT
to 16 August 21:00 UT. With the exception of one (and
perhaps two) flare(s) on August 16, there is no evidence
for a modulation. However, the Mg I h & k plotted over
the same time interval (Fig. 5b) show’s evidence for a
steady increase in flux. This is in phase with the V-band
light-curve (i.e. increasing plage activity with decreasing
number of spots) and is similar to that noted by Doyle
et al. (1989a) for 1986 II Peg data but is opposite to the
1981 data reduced by Rodond et al. (1987).

In this spectral region there are three possible line
ratios which we can be used to determine the electron
density in the transition region, viz C III 1176/C III
1908, Si IIT 1892/C III 1908 and Si IV 1396 & 1403/C
III 1908. However, in the mean quiescent spectra we are
unable to derive a reliable line flux for either the C III
1908A or the Si IIT 18924 lines, although an upper limit
of 4 x 10~ ergecm=2s~! is indicated. In fact, Doyle et
al. (1989b) give fluxes of 5 x 10~ 4ergcm=25~! for these
lines (based on 1983 data), indicating an electron pressure
of P./k = 6 x 101" cm~3 K.

3.4.3. Radio data

The 6 cm quiescent flux on August 15 showed a ’steady’
increase from 1 mly to 2.75 mlJ]y some 6 hrs later,
with a mean value of 1.922 + 0.040 mJy (see Fig. 6).
Unfortunately, the 3.6 c¢cm data has calibration prob-
lems while the 20 cm data is severely compromised by
the presence of a very strong confusing source, hence
mean fluxes for these bands for August 15 was not
possible. For the second day’s data, mean fluxes of
1.94 & 0.05, 2.34 + 0.08, &1.50 + 0.27 mJy at 3.6, 6
and 20 cm were derived. On August 16, the 6 cm data
showed the opposite effect of the previous day’s data, de-
creasing from a mean value of 3.5 mJy to 2.0 mJy while
the 3.6 cm data decreased from 2.5 to 1.4 mJy over the 6
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hr. period of our observations. It is interesting to note that
the increase in the 6 cm flux on August 15 corresponds
to a steady increase in the GINGA X-ray quiescent flux,
while for August 16, the 6 cm flux decreased as the X-ray
flux decreased.

3.5. FLARE STATE
3.5.1. Photometric data

Prior to these observations of II Peg, broad-band optical
flare activity on RS CVn stars has only been reported
once, i.e. Patkos (1981). The absence of such optical flares
was generally interpreted as due to a contrast effect since
the brightness of the stellar photospheric continuum in
these stars is several orders of magnitude more than the
dMe stars. However the observations obtained from the
Stephanion Observatory would tend to dispel that idea.
Similar to the analysis of U-band data from dMe stars,
the flare’s equivalent duration in units of time is given by

E = 3 (I - I)/L)At
f

where Iy is the intensity deflection due to the star in its
quiescent state after sky subtraction and I; the intensity
due to the star in its flare state less sky background and
At is the U-band integration time. A summary of the
derived U-band parameters for each of the three flares is
given in Table 7.

Unfortunately, due to sunrise, the optical observations
for the large flare of 17 August ceased before the flare
ended, therefore only 48 min. of U-band data were ac-
quired. The equivalent duration was multiplied by the
star’s quiescent luminosity, implying a flare energy of at
least 1.8 x 10%° erg. (Note that we took the quiescent U-
band luminosity as that prior to the flare and multiplied
by the flux calibration of Bessell 1979). The above value
is obviously a lower limit since we do not know how long
the optical flare lasted. However, from the estimated du-
ration of the flare as observed by the INT, we could have
under-estimated the U-band flare energy by more than a
factor of two, implying a total U-band energy of perhaps
~ 4 x 10% erg, (see Doyle et al. 1991 for further details).
The second of the flares on 16 August at 01:15 UT (i.e.
the one where we have simultaneous optical spectra, X-ray
and UV data) had a U-band energy of 9 x 1032 erg. Al-
though photometric monitoring was also continuing from
Mt. Suhora Observatory during the time of these flares
on August 16, this latter dataset wasin V and B and the
flares were not intense enough to register a signal. The
U-band flare at 00:51 UT on 16 August had a U-band
energy of 4 x 1032 erg.
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3.5.2. Optical specira

During the period of spectroscopic monitoring, two flares
were detected. The first on 16 August at ~ 01:15 UT
and the second on 17 August beginning at approximately
02:00 UT. Below, we discuss each of these events in more
detail.

We consider first the flare of August 17. In the blue, the
flare continuum show a 80% enhancement over pre-flare,
while in the red, the enhancement was approximately 10%.
The flare rise-time was very gradual, taking approximately
30 min. to reach maximum. The flare-only spectrum in the
blue (i.e. a mean quiescent spectrum has been subtracted)
is shown in Fig. 7 at two times during the flare; the first
being at flare maximum (~ 02:18 UT) while the second
was late in the decay phase (~ 04:50 UT). Besides the
normal strong lines such as Ca Il H & K, Hé and Hv, two
other emission lines are present. The first of these is He
I 4026A, which has been observed previously during the
impulsive phase of flares on dMe stars. However the second
line has not been observed before. We conclude that it is
due to Mn I 40324, normally considered a photospheric
line. In fact, in the quiescent spectrum, there are three
Mn I lines which form a deep absorption feature at 4032A.
The resultant feature is shown in Fig. 8, where we have
taken a flare spectrum towards the end of the flare (given
by the solid line) and superimposed the mean quiescent
spectrum (a small flux of 0.1 x 10712 erg cm~2 s~! has
being added to the quiescent spectrum in order to match
the depth of other absorption features close to Mn I). Note
that in the Mn I feature there is a small self-reversal. This
is the emission feature that we observe throughout the
flare.

In Fig. 9a, we plot the flare flux in two of the strong
emission lines, Ca IT K 3933A and H6 as a function of
time. The duration of the flare was at least 4 hr., with a
secondary event occurring at 5:15 UT. In Fig. 9b we show
the variation of the FWHM of the above lines, obtained
by means of Gaussian fits to the lines. The width of the
Ca II K line at the beginning and at the end of the flare
is consistent with the instrumental width, however Hé is
substantially broader. Note that both the FWHM and
line flux of the Ca II K peaks some 20 min. later than H
6. The line fluxes during the 17 August flare in He, Hy,
Hé and Ca II K is given in Tables 8 and 9. Note that in
the quiescent state, Balmer lines such as Hy and Hé§ are
very weak.

The total continuum energy for this flare was derived
by taking flux measurements near 4000 A, 4250 A, 6400 A
and 6750 A and assuming that the continuum varied lin-
early between these points, the flux from 4000 A to 6750
A (in erg cm=2 s~1) was derived for each spectrum. Using
this procedure on all the spectra, we thus generated a se-
ries of flux measurements (i.e. integrated over wavelength)
throughout the duration of the flare, as plotted in Fig.
10. Integrating these fluxes over the duration of the ob-
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servations, we obtained a total energy of > 1.4 x 1036 erg
in the spectral region from 4000 A to 6750 A, where we
have used the distance (d = 29.4 pc) to II Peg. The total
energy in the emission lines, i.e. Ha, H3, Hy, Hé, He, Ca
II H & K (under the assumption that H3 ~ Hy and Ca
IT H ~ Ca II K), relative to the continuum, for the same
time interval is 3.9 x 1034 erg. This is approximately 3%
of the total radiative losses in the optical region.

The flare of 16 August started at ~ 01:15 UT and had a
duration of less than 30 min. The maximum enhancement
factor over quiescent was less than 50% in the blue and
~ 6% in the red. Using the same procedure as before,
we estimate the total flare energy in the 4000 to 6750A
region to be ~ 2.5 x 1034 erg.

3.5.3. UV DATA

Unfortunately, the monitoring by the IUE satellite ceased
a few hours before the large flare of 17 August 1989.
However, at least one and perhaps two smaller flares were
observed on 16 August 1989 with IUE, these being at
01:15 UT and 12:16 UT. Below we discuss the first of
these flares. However, in order to discuss the properties
of this flare, we must first isolate the radiation of the
flare from the background quiescent stellar flux by sub-
tracting the mean quiescent spectrum from each of the
flare spectra. Henceforth when we speak of the ”flare” it
will be implicit, unless stated otherwise, that it is these
background corrected spectra and their fluxes that we are
referring to.

- During the flare exposure, the Si III 1892A line is
enhanced over the quiescent. However, a determination of
the C IIT 1908A line is still not possible. Hence we are
unable to estimate the electron density in the transition

region of this flare as we have done in previous work
(Doyle et al. 1989b).

3.5.4. X-ray data

The LAC spectra for the flare of 17 August were fit-
ted with single temperature Raymond-Smith type-models
(Raymond & Smith 1977) with temperatures which
ranged from 5.5 keV to about 3.5 keV late in the flare
decay. A proper fit to the Fe XXV line implied an iron
abundance of 33% of that used by Raymond & Smith
(1977), i.e. log [Fe] = 7.10. With the exception of the
iron abundance, all other parameters were fixed at de-
fault solar values. The column density was fixed at zero,
as mentioned in the quiescent state analysis. Examples
of the quality of the spectral fits for the large flare can
be found in Doyle et al. (1991). The flare temperature
declined from at least 65 x 106 K to 40 x 10 K, while the
EM decreased from at least 25 x 1053 to 13.6 x 1053 cm™—3
during the period of X-ray observations (see Table 10
for further details). Integrating over the X-ray flux en-
ergy points implies a total X-ray flare energy of at least
4.6 x 103¢ erg. This however is a lower limit to the total
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flare energy as we observed neither the beginning nor end
of the flare.

The method used by Doyle et al. (1991) for estimating
the total X-ray energy is the ”smooth burst model”, where
the integrated flux f(¢) is given by

f(t) = ABP e~ e

(t - tstart) el
tq
time (in hrs.), teare the start time of the flare (assumed
to be 02:03 UT as given by the optical data), and A the
peak value of the flare. The total X-ray energy is then

given by

where B = , ta is an exponential decay

Ly = 4md% 3.6 x 1038/f(t)dt erg

where dp is the source distance in parsecs. A range of 3
values from 0.1 to 5 were tried. Example fits for four of
these values are given in Fig. 11, and Table 11 gives the
range of total integrated energies possible for = 0.1 — 5.
However, if we use the optical data to constrain the X-
ray flare to peak at ~ 02:30 UT, this requires 8 ~ 1
and tqg = 0.36. This gives a total emitted X-ray energy
of 1.84 x 1035 erg. From Table 11 this value is good to
better than a factor of two.

For the flare of August 16, there is only sufficient
data for one spectrum, giving average energy losses of
~ 9 x 10%° erg s~1. Integrating over the time interval of
the flare implies a total energy of ~ 8 x 1032 erg.

4. Summary

For the quiescent X-ray spectrum a single temperature
Raymond-Smith fit give a rather poor fit. The best fit-
ting results were obtained for a combination of a single
temperature plasma together with a power-law. For a
two-temperature model, the temperature of the second
component was very high (7. > 10® K). The reason for
this second high temperature component is the tail in the
photon distribution, which extended up to 18 keV. Exten-
sive efforts were made to check the validity of this high
energy emission. We do not believe it is due to background
subtraction problems as it would require an excess of ~
10% over the ’average’ diffuse hard X-ray background. We
also rule out a second source in the field, since neither the
EINSTEIN Observatory nor EXOSAT reported any other
point sources in the field of IT Peg. The single temperature
component implies a temperature of 12.4 x 106 K with
an emission measure of 1.5 x 1053cm~3.

The photometric flare data implies a U-band energy for
the 17 August flare of at least 4 x 1035 erg. The small flare
on 16 August had a U-band energy almost three orders
of a magnitude smaller. Spectroscopic data for the larger
flare implies an energy output between 4000 and 67504
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of at least 1.4 x 1036 erg, making this one of the largest
optical flares ever observed. The X-ray flare spectra could
all be fitted with a single temperature Raymond-Smith
models which ranged in temperature from 65 x 10° K
towards the flare peak to 40 x 106 K later in the decay
phase, with the emission measure varying from 25 x 10%3
to 13.6 x 10°3cm~3. The total emitted X-ray energy was
of the order of 1.8 x 1035 erg. During the flare the iron
abundance was reduced by a factor of three.

In the follow-up paper, Doyle et al. (1992) will discuss

in more detail the implications and interpretation of this
rather vast data-set.
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TABLE 1. Magnitudes for the three comparison =~ TABLE 2. A summary of the U-band monitoring intervals for
stars used to calibrate the photometric data for ~ II Peg during the period 14-17 August 1989 obtained from
IT Peg. Stephanion.

Star Sp. ty. V (U-B) (B-V) (V-R) (V-I) Date Monitoring intervals (UT) Total monitoring time

HD224084 Ko 8.24 1.36 1.29 0.64 1.25 14/15 Aug  22:10 - 22:49, 22:51 - 23:42, 23:44 - 23:47
BD+27 4648 G5 9.41 0.84 1.04 0.78 1.31 00:08 - 01:02, 01:06 - 02:14, 02:16 - 02:29 03:48
HD224016 G5 8.54 0.49 0.79 0.61 1.01  15/16 Aug 20:52 - 21:23, 21:27 - 21:58, 22:09 - 22:55
22:58 - 23:46, 23:50 - 00:34, 00:49 - 01:36
01:39 - 02:30 04:58
16/17 Aug  20:50 - 21:58, 22:13 - 23:05, 23:08 - 23:30
23:36 - 00:03, 00:07 - 00:14, 00:24 - 01:04
01:23 - 01:48, 01:52 - 02:40 04:49

TABLE 3. A log of the IUE observations obtained for II Peg in August 1989. Some of the images were double exposures,
these are labelled A and B.

Date UT (start) Image Exp.(min) Date UT (start) Image Exp.(min)

14 Aug 224205 LWP16125 30 15 Aug 214214 SWP36853B 30
2340 26 SWP36844A 25 223954 LWP16134 30

15 Aug 0024 45 SWP36844B 25 232456 SWP36854A 30
010011 LWP16126 30 16 Aug 000359 SWP36854B 30
014109 SWP36843A 30 0044 30 LWP16135 30
0217 34 SWP36845B 50 012506 SWP36855A 30
06 32 56 SWP36846A 30 02 06 33 SWP36855B 30
07 1218 SWP36846B 30 02 4133 LWP16136 27
07 5204 LWP16127 30 06 36 04 SWP36856A 30
08 3348 SWP36847A 30 07 2147 SWP36856B 30
09 1247 SWP36847B 30 08 0217 LWP16138 30
09 53 00 LWP16128 30 08 46 10 SWP36857 30
1036 04 SWP36843A 30 0926 17 LWP16139 30
111501 SWP363843B 30 10 07 22 SWP36858A 30
115510 LWP16129 30 ‘ 10 46 22 SWP36858B 30
123536 SWP36849A 30 112813 LWP16140 30
131730 SWP36849B 30 121641 SWP36859 45
135736 LWP16130 30 131146 LWP16141 30
14 56 05 SWP36850A 30 134900 SWP36860 45
1540 56 SWP36350B 30 151840 LWP16142 30
16 21 57 LWP16131 30 155740 SWP36861 30
1706 16 SWP36851A 30 16 41 08 LWP16143 30
174125 SWP36851B 30 174328 SWP36862A 30
18 22 45 LWP16132 30 18 22 53 SWP36862B 30
190526 SWP368524A 30 1900 20 LWP16144 30
194201 SWP36852B 30 19 4346 SWP36863A 30
2020 42 LWP16133 30 202159 SWP36863B 30
210555 SWP36853A 30 210107 LWP16145 35
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TABLE 4. Best fit spectral parameters* (Il Peg in quiescence).

PARAMETER SPECTRAL MODELS
RS RS RS+PL RS+PL RS+RS RS+RS
RS EM; 180133  1.65%3%% 1.6813:2 1.52%331 1.74%912 1778399
RS kT; 1.74+0.07 1.77+0.06  1.12%J18 1.07+324  1.20£0.10 1.18% .07
RS Fe 1.00 2.27 £ 0.48 1.00 1.69%282 1.00 1.22 4+ 0.40
RS EM, 0.26 £0.04 0.27 £ 0.03
RS kT < 218.4 < 218.9
PL A 1.2173% 1073 1.86%3:48 10-3
PL 7y 1.83+3.27 2.05+0.76
RS x2 1053 8.236 1.087 0.826 1.327 1.330

{ MODELS : Raymond & Smith plasma (RS), Power-law (PL). The emission measure (EM)
is in units of 1053 cm~23 (based on a distance of 29.4 pc), temperature (kT) is given in keV,

Iron abundance (Fe) is relative to solar, and the power-law slope 7 is the photon index

TABLE 5. UV fluxes (in units of 10~'3ergem=2s~1) for
II Peg obtained in August 1989, see Table 3 for the times
of each image and the A and B notation.

Image

SWP36844A
SWP36844B
SWP36845A
SWP36845B
SWP36846A
SWP36346B8
SWP36847A
SWP36847B
SWP36848A
SWP36848B
SWP36849A
SWP36849B
SWP36850A
SWP36850B
SWP36851A
SWP36851B
SWP36852A
SWP36852B
SWP36853A
SWP36853B
SWP36854A
SWP36854B
SWP36855A

SWP36855B
SWP36856A

SWP36356B
SWP36857
SWP36858A
SWP36858B
SWP36859
SWP36860
SWP36861
SWP36862A
SWP36862B
SWP36863A
SWP36863B
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(o8
1305

3.6
2.8
3.9
3.1
3.9
3.8
2.9
2.9
4.4
4.5
5.2
3.8
3.5
3.5
3.7
3.6
3.8
2.8
3.2
3.5
3.7
2.9
6.0

3.3
5.2

5.9
3.7
4.2
3.3
6.8
3.8
3.9
3.7
3.6
5.3
33

co
1333

Ne2

TABLE 6. Mg I h and k fluxes (in units of 10~ 2ergem=2s71)

SiIv CIV Hell Sill SilIll
1400 1530 1640 1818 1897 1vus

for II Peg obtained in August 1989.

- 6.0 4.9 4.3 - -
- 4.5 3.2 3.5 - -

- 77 28 33 - - LWP16125 4.64
-8 a3 s - - LWP16126 4.80
- 8.5 4.2 3.6 - -
~ a3 33 39 - _ LWP16127 4.99

26 81 54 33 - - LWP16128 4.82
- 88 32 42 - - LWP16129 5.00
- 8.5 4.1 3.7 - -

LWP16130 5.46
- 6.4 4.2 4.0 - -
- 62 28 33 - - LWP16131 5.38

- 7323 8T - - LWP16132 5.26
TS s T e e LWP16133- 5.49
- 6.9 38 4.6 - -

_ 698 42 - - _ LWP16134 5.27
- 82 40 3.1 - - LWP16135 5.57
- Ts 4T 36 - - LWP16136 5.87
- 6.5 4.2 4.4 - - _
20 27 3e - ~ LWP16138 6.47
- 60 47 32 - - LWP16139 6.38

9 69 35 3T - - LWP16140 5.71
- 7.0 2.7 3.2 - -

! ' LWP16141 6.38

9.4 29.2 7.9 8.1 2.7 1.0

28 104 41 5.0 - - LWP16142 6.26
R LWP16143 6.24
- 8.1 5.1 - - -

s 53 45 - _ LWP16144 6.38
- 54 25 6.0 - - LWP16145 6.07

- 7.9 3.5 5.7 - -
- 125 94 7.1 - -
- 6.0 4.9 6.5 - -
- 7.5 4.5 7.1 - -
- 6.4 4.2 6.5 - -
- 7.3 4.9 4.0 - -
- 4.9 4.5 5.8 - -
- 5.7 38 5.1 - -

Image Mg Il k 2796 Mg IT h 2802

3.84
4.00
3.66
4.43
4.18
3.90
4.25
4.54
4.52
4.60
5.13
3.83
4.09
5.16
5.46
6.09
5.10
4.99
4.48
5.36
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TABLE 7. Characteristics of the U-band flares observed, where t; and t, are the times before and after maximum

emission.

Date UT (max.) Airmass t (min.) i (min.) Duration (min.) (Iy - I,)/I, E (min.)

16 Aug 00:51 1.013 >2.56
16 Aug 01:20 1.021 4.28
17 Aug 02:34 1.104 43.0

TABLE 8. Lines fluxes in ergem=2s~! for Hy, Hé and
Ca II K during the flare of 17 August 1989. The interval
from 02:09 to 02:18 UT was due to the acquiring of an arc
exposure while the interval from 03:16 to 04:40 UT was
due to a computer crash.

UT Hy ): ) Call K

2:05:12 1.64 1011 6.39 101% 4.42 10712
2:09:06 1.9310°11 2.96 10-12 5.27 10712
2:18:00 2.44 10~ 5.3510"'2 8.76 10-12
2:21:5¢ 2.4510711 479 10-'2 8.80 10~12
2:25:48 2.39 10~ 4.10 10-'? 8.79 10-12
2:29:42 24310711 4.34 10712 9.24 10-12
2:33:36  2.47 10711 4.36 10-12 9.43 10~12
2:41:00 2.311071! 4.59 10-12 8.72 10-12
2:37:25 2.36 10~!! 4.98 1012 8.54 10~12
2:48:48 2.30 10711 4.67 10-12 8.24 10712
2:52:42 21810711 4.59 10-'2 8.08 10~12
2:56:36  2.18 10711 4.54 10-12 7.88 10~12
3:00:30 2.14 10711 4421012 7.74 10712
3:04:24 2.08 1071 4.04 10712 7.48 10712
3:08:30 1.97 10~11 3.63 10-12 7.22 10-12
3:12:36 1.98 10711 3.38 1012 7.00 1012
3:16:54 2.00 10711 3.27 1012 7.07 10~12

4:40:54 1.58 10711 520 10-13 5.24 10-12
4:44:36 1.60 10711 8951013 5.32 10-12
4:48:24 1.58 10711 4.0110-'% 5.19 10712
4:52:00 1.5510"'! 3.8110"!% 4.9310-12
4:56:48 1.53 10711 2.24 10713 4,97 10"12
5:00:24 1.59 10711 4.74 10-13 4.9110~12
5:04:18 1.5310"!! 4.2110-'® 5.03 10-12
5:08:12 1.5110"'! 3.9510°1% 5.16 10”12
5:12:06 1.60 10~11 3.2910-13 5.1110"!2
5:20:00 1.60 10~1! 9.79 10713 5.4510"12
5:24:06 1.69 10~11 1.68 10-'? 5.95 10-!2
5:28:12 1.7010°!! 1.90 10712 .27 10-12
5:32:18 1.7110" 1.6310"1? 6.05 10~12
5:36:24 1.7010"!! 1.3210°'?2 6.11 1072
5:40:30 1.66 10711 1.2510"12 5921072
5:44:36 1.69 10711 1.36 107!? 5.84 10~12
5:48:42 1.62 10~1! 1.0510-!2 5.77 10712
5:52:48 1.68 10-1! 1.0510-'? 5.9110°!2
5:56:5¢ 1.65 1011 8.4110-13 5.59 10~12
6:03:00 1.7210-!! 9.8510~!3 5.67 1012

1.08
4.12
>5.4

>3.64 0.067 0.099
8.40 0.092 0.254
>48.4 0.932 >21.4

TABLE 9. Lines fluxes in ergem~%s~! for Ha during the
flare of 17 August 1989. The interval from 02:11 to 02:20
UT was due to the acquiring of an arc exposure while the
interval from 03:19 to 04:39 UT was due to a computer
crash.

UT Ha UT Ha

2:07:24 6.09 10~12 4:39:12 6.02 10~12
2:11:18  1.06 10711 4:43:00 5.95 10-12
2:20:12 1.11 10" 4:46:42 5.95 10-12
2:24:06 1.1210~'! 4:50:30 5.34 10~12
2:28:00 1.10 10-!'  4:54:12 5.65 10~12
2:31:54  1.23 10711 4:58:42 5.28 10~12
2:35:48 1.11 10~ 5:02:36 5.08 10~12
2:43:12 1141011 5:06:30 5.19 10-12
2:47:06 1.1110-'! 5:10:24 5.38 10~12
2:51:00 1.09 10~ 5:14:18 5.43 10-12
2:54:54 1.10 10711 5:22:18 7.23 10~12
2:58:48 1.09 10711 5:26:24 8.59 1012
3:02:42 1.03 10-!! 5:30:29 8.07 10~12
3:06:42 1.02 10-'! 5:34:36 7.91 10-12
3:10:48 9.98 10~12 5:38:54 7.4110-12
3:15:00 9.71107!? 5:42:48 7.19 10-12
3:19:18 9.44 10712 5:46:54 7.27 10~12

5:51:00 7.04 10~12

5:55:06 6.69 1012
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TABLE 10. LAC spectral fit parameters for the X-ray flare TABLE 11. The range of integrated
of August 17 on II Peg, also indicated are lo error ranges. flare energies for possible values of 3

from 0.1 to 5. t4 is the exponential de-
cay time, as defined by Eq. (3), of the X-
ray light curve, L, the integrated flare

: -1 53 oy =3 187
time (sec) LAC (cts™!) 1o EM (10%em™3) 1o T(10°K) 1o energy in erg.

0 109 17 25.1 10 66 06

64 1084 1.7 24.3 1.0 63 06 B ta(brs.) Ly (erg)
128 1059 17 23.3 10 63 07
192 103.9 1.6 24.0 10 60 08 0.10 05446 2.678 10%
256 99.0 1.6 23.0 1.0 58 06 0.25 05020  2.463 10%
320 98.1 1.6 22.8 10 61 06 0.50 04442  2.194 10%
334 92.8 1.5 22.1 09 56 06 0.75  0.3984 1.996 10
448 92.5 1.5 22.2 10 55 05 1.00  0.3611 1.84310%
512 87.4 1.5 21.2 1.0 50 05 1.25  0.3302  1.720 10%
576 87.4 1.5 21.0 09 55 05 1.50 0.3041 1.619 10%
640 84.8 1.5 21.3 10 50 05 1.75  0.2819  1.53410%
704 81.4 15 193 09 55 06 2.00 0.2627 1.46210%
768 7.7 1.5 19.8 1.0 42 04 225 02459  1.400 10%
832 75.7 1.4 18.6 09 54 06 2.50  0.2312  1.34510%
896 70.9 1.4 17.9 09 48 05 2.75 02181  1.297 10%
960 67.7 1.4 172 09 51 06 3.00 02064 1.25410%
1024 68.3 14 18.2 10 44 04 3.25 01959 1.21410%
1088 66.1 14 17.2 1.0 48 05 3.50 0.1864 1.17910%
1152 63.6 1.4 16.4 10 47 03 400 01699 1.11810%
1216 62.8 14 16.0 09 50 06 5.00 0.1444 1.02210%
1280 61.5 1.3 16.7 1.0 44 05
1344 59.5 13 16.0 1.0 44 05
1408 56.5 13 15.1 09 43 05
1472 54.3 13 147 09 42 05
1536 53.8 1.3 15.0 1.0 41 05
1600 51.4 1.3 14.4 10 40 05
1664 52.1 1.3 13.8 09 47 06
1728 50.3 1.3 13.6 09 41 05
1792 48.9 1.3 14.0 09 39 05
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TABLE Al. Photometric data on the Vilnius UPXYZVS system for 1I Peg and the comparison star HD 224016 for the
15 August 1989. The data were obtained from Maidanak (long = 4h27‘“368,lat = 38 41 03 ), time is given in Local
Sidereal Time.

LST \% u-v PV XV YV ZV S-V. LST \4 vv PV XV YV ZV sV
202500 8.485 2.983 2.504 1.663 0.621 0.267 0.615 comp 212659 7.512 3.458 2.906 2.047 0.769 0.375 0.856
203339 7.492 3.517 2915 2.0561 0.777 0.413 0.838 212816 7.492 3.499 2.954 2.040 0.782 0.407 0.836
203452 7.485 3.473 2.946 2.067 0.761 0.399 0.838 212856 7.488 3.487 2.935 2.083 0.784 0.404 0.836
203611 7.486 3.491 2.964 2.055 0.784 0.409 0.845 212940 7.491 3.496 2.958 2.066 0.780 0.407 0.843
203710 7.484 3.508 2.982 2.076 0.792 0.420 0.835 213020 7.485 3.530 2.922 2.047 0.793 0.460 0.839
203920 7.483 3.487 2.957 2.057 0.786 0.396 0.847 213059 7.507 3.448 2.909 2.036 0.768 0.380 0.859
204020 7.484 3.490 2.933 2.055 0.790 0.414 0.840 213140 7.508 3.461 2.910 2.029 0.772 0.365 0.872
204220 7.492 3.475 2.936 2.034 0.769 0.400 0.848 213220 7.493 3.522 2923 2.042 0.786 0.396 0.833
204318 7.476 3.489 2.953 2.072 0.805 0.358 0.829 213301 7.489 3.482 2.937 2.059 0.780 0.389 0.834
204440 7.484 3.531 2.943 2.077 0.771 0.407 0.837 213342 7.503 3.473 2912 2.055 0.775 0.390 0.843
204552 7.481 3.497 2965 2.066 0.798 0.406 0.841 213426 7.498 3.475 2.932 2.053 0.783 0.406 0.846
204702 7.514 3.499 2.927 2.027 0.751 0.373 0.872 213542 7.478 3470 2.945 2.072 0.737 0.405 0.835
204745 7.510 3471 2927 2.059 0.753 0.379 0.868 213700 8.503 2.955 2.476 1.650 0.611 0.258 0.625 comp
204840 7.483 3.503 2.949 2.070 0.797 0.411 0.846 213854 7.478 3.525 2.983 2.069 0.808 0.420 0.816
204928 7.488 3.491 2955 2.059 0.796 0.403 0.840 213934 7.487 3.471 2.958 2.052 0.790 0.396 0.833
205044 7.486 3.493 2.947 2.042 0.787 0.398 0.828 214018 7.486 3.491 2.944 2.062 0.802 0.417 0.825
205125 7.507 3.556 2.938 2.074 0.761 0.390 0.862 214102 7.509 3.484 2938 2.042 0.777 0.383 0.850
205211 7.496 3.501 2.967 2.043 0.789 0.402 0.853 21‘4143 7.495 3.490 2.931 2.080 0.786 0.409 0.845
205408 7.479 3.481 2.959 2.066 0.793 0.408 0.832 214228 7.511 3.494 2924 2.068 0.783 0.394 0.855
205455 7.506 3.473 2918 2.050 0.765 0.379 0.846 214302 7.507 3.508 2.946 2.074 0.779 0.395 0.860
205537 7.489 3.478 2972 2.070 0.798 0.405 0.834 214349 7.503 3.508 2.974 2.080 0.787 0.388 0.836
205621 7.482 3.474 2932 2.058 0.781 0.411 0.825 214432 7.511 3.501 2.941 2.040 0.777 0.395 0.851
205705 7.500 3.533 2.934 2.042 0.773 0.388 0.849 214518 7.518 3.507 2.944 2.035 0.765 0.398 0.843
205747 7.478 3.503 2.951 2.097 0.799 0.415 0.813 214626 7.497 3.494 2.925 2.046 0.771 0.389 0.840
205830 7.480 3.492 2.929 2.060 0.794 0.407 0.824 214707 7.486 3.502 2.930 2.046 0.784 0.402 0.839
205921 7.500 3.488 5.932 2.039 0.784 0.395 0.842 214750 7.494 3.477 2950 2.054 0.786 0.395 0.839
210004 7.497 3.508 2.937 2.079 0.794 0.43¢4 0.853 214833 7.485 3.481 2921 2.047 0.793 0.397 0.838
211200 8.495 2.964 2.489 1.651 0.616 0.265 0.622 comp 214915 7.499 3.479 2942 2.013 0.781 0.401 0.860
211340 7.473 3.506 2.965 2.072 0.802 0.422 0.828 214956 7.485 3.495 2976 2.078 0.794 0.397 0.835
211630 7.489 3.491 2.932 2.063 0.779 0.383 0.839 215038 7.497 3.471 2925 2.054 0.766 0.394 0.846
211714 7.488 3.500 2.857 2.070 0.772 0.387 0.832 215121 7.478 3.480 2942 2.071 0.794 0.397 0.826
211802 7.480 3.481 2961 2.063 0.799 0.420 0.824 215203 7.487 3.461 2.942 2.067 0.794 0.413 0.840
211842 7.510 3.449 2.913 2.052 0.763 0.369 0.845 215600 8.513 2.948 2.467 1.649 0.602 0.253 0.632 comp
211938 7.495 3.487 2937 2.084 0.793 0.406 0.852 222053 7.488 3.545 2.934 2.062 0.792 0.409 0.829
212017 7.484 3.516 2.956 2.035 0.781 0.406 0.832 222113 7.511 3.523 2.947 2.057 0.787 0.407 0.844
212104 7.488 3.479 2934 2.043 0.799 0.400 0.821 222219 7.528 3.514 2.938 2.056 0.783 0.382 0.854
212230 7.489 3.479 2912 2.074 0.777 0.392 0.845 222303 7.528 3.701 3.099 2.132 0.916 0.421 0.848
212319 7.473 3.513 2.958 2.076 0.798 0.409 0.822 222455 7.503 3.528 2.950 2.060 0.789 0.404 0.851
212414 7.490 3.470 2.941 2.057 0.792 0.407 0.840 222538 7.480 3.543 3.002 2.065 0.808 0.409 0.835
212456 7.488 3.501 2.957 2.058 0.809 0.397 0.832 222621 7.505 3.511 2.924 2.056 0.780 0.398 0.854
212536 7.496 3.506 2.970 2.061 0.782 0.420 0.839 222704 7.503 3.518 2.931 2.017 0.783 0.377 0.861
212618 7.516 3.467 2.910 2.044 0.758 0.375 0.865 222747 7.510 3.502 3.028 2.042 0.758 0.389 0.865
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LST

222837
222920
223000
223043
223138
223303
223346
223428
223512
223602
223808
223850
223936
224100
224257
224341
224430
224508
224552
224634
224715
224815
224934
225058
225147
225228
225309
225424
225508
225547
225628
225710
225754
225837
225936
230025
230500
231033
231118
231150
231239
231319
231402
231443

A%
7.489
7.487
7.511
7.498
7.481
7.505
7.508
7.498
7.480
7.546
7.505
7.496
7.499
8.500
7.482
7.496
7.514
7.506
7.530
7.503
7.508
7.470
7.495
7.486
7.475
7471
7.476
7.494
7.482
7.497
7.488
7.483
7.480
7.477
7.458
7.485
8.509
7.494
7.480
7.493
7.506
7.492
7.491
7.488
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U-v

3.483
3.513
3.483
3.525
3.515
3.522
3.460
3.521
3.537
3.583
3.511
3.517
3.524
2.976
3.552
3.512
3.533
3.531
3.502
3.553
3.463
3.524
3.469
3.492
3.485
3.528
3.472
3.472
3.512
3.521
3.506
3.490
3.520
3.519
3.502
3.531
2.963
3.449
3.511
3.477
3.495
3.500
3.491
3.479

P-v

2.960
2.957
2,941
2.946
2.985
2.930
2.924
2.934
2.980
2.980
2.965
2.930
2.939
2.491
2.970
2.966
2.946
2.929
2.960
2.946
2.922
2.978
2.934
2.750
2.959
2.947
2.955
2.906
2.935
2.930
2.933
2.927
2.959
2.953
2.948
2.936
2.488
2.939
2.978
2.941
2.919
2.937
2.930
2.935

X-v

2.080
2,071
2.033
2.062
2.070
2.056
2.045
2.079
2.108
2.074
2.051
2.071
2.071
1.652
2.094
2.077
2.039
2.056
2.044
2.062
2.020
2.050
2.032
2.067
2.072
2.061
2.041
2.040
2.048
2.049
2.066
2.044
2.073
2.063
2.059
2.040
1.650
2.039
2.043
2.029
2.027
2.048
2.043
2.058

Y-V

0.787
0.795
0.777
0.782
0.802
0.775
0.766
0.772
0.806
0.818
0.786
0.785
0.790
0.614
0.821
0.787
0.783
0.782
0.764
0.794
0.771
0.799
0.762
0.775
0.789
0.799
0.796
0.786
0.792
0.770
0.787
0.779
0.790
0.798
0.810
0.791
0.613
0.768
0.786
0.765
0.766
0.772
0.782
0.776

z-v
0.408
0.398
0.378
0.394
0.409
0.388
0.391
0.403
0.423
0.382
0.382
0.412
0.404
0.266
0.427
0.415
0.381
0.397
0.389
0.411
0.399
0.398
0.398
0.381
0.412
0.420
0.422
0.396
0.393
0.389
0.401
0.412
0.410
0.414
- 0.430
0.412
0.258
0.399
0.417
0.399
0.390
0.387
0.408
0.407
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TABLE Al. (continued)

S-V
0.835
0.835
0.866
0.836
0.822
0.854
0.849
0.834
0.809
0.857
0.852
0.844
0.834
0.619
0.812
0.840
0.863
0.846
0.857
0.839
0.843
0.812
0.837
0.834
0.829
0.819
0.823
0.850
0.825
0.843
0.835
0.823
0.837
0.831
0.824
0.835
0.621
0.839
0.830
0.844
0.853
0.833
0.846
0.849

comp

comp

LST

231525
231637
231717
231736
231837
231918
232002
232045
232125
232206
232329
232410
232451
232532

232622

232702
232749
232834
232920
232959
233046
233140
233226
233301
233343
233436
233524
233607
233647
233727
233808
233853
234034
234113
234154
234236
234316
234357

234437

001900
002541
002541
002630
002713

\%
7.481
7.478
7.498
7.495
7.484
7.475
7.486
7.488
7.476
7.492
7.481
7.490
7.495
7.481
7.484
7.480
7.485
7.493
7.493
7.503
7.497
8.511
7.478
7.491
7.485
7.481
7.481
7.498
7.483
7.489
7.489
7.490
7.494
7.491
7.482
7.473
7.474
7.471
7.465
8.515
7.494
7.494
7.487
7.499

u-v
3.471
3.482
3.443
3.468
3.462
3.507
3.506
3.462
3.491
3.495
3.497
3.442
3.490
3.502
3.464
3.508
3.484
3.504
3.512
3.492
3.502
2.977
3.518
3.466
3.497
3.471
3.495
3.465
3.469
3.474
3.470
3.480
3.441
3.514
3.493
3.448
3.468
3.499
3.523
2.987
3.536
3.536
3.534
3.511

P-v
2.945
2.962
2.921
2.912
2.913
2.930
2.957
2.935
2.962
2.972
2.940
2.926
2.947
2.954
2.955
2.967
2.978
2.926
2.951
2.932
2.927
2.499
2.940
2.921
2.969
2.940
2.926
2.921
2.964
2.923
2.915
2.936
2.908
2.947
2.944
2.926
2.942
2.944
2.929
2.509
3.001
3.001
2.962
2.973

X-v
2.063
2.042
2.032
2.037
2.058
2.060
2.063
2.048
2.038
2.047
2.056
2.052
2.044
2.063
2.060
2.058
2.056
2.068
2.065
2.028
2.041
1.653
2.051
2.037
2.049
2.037
2.049
2.026
2.028
2.042
2.055
2.028
2.040
2.025
2.071
2.029
2.049
2.038
2.053
1.662
2.063
2.063
2.085
2.075

Y-V

0.788
0.794
0.771
0.778
0.780
0.797
0.788
0.784
0.791
0.771
0.799
0.782
0.784
0.805
0.792
0.802
0.787
0.785

0.789
0.620
0.796
0.777
0.782
0.777
0.797
0.770
0.773
0.785
0.765
0.782
0.781
0.774
0.788
0.779
0.789
0.786
0.800
0.626
0.797
0.797
0.808
0.795

Z-v
0.418
0.411
0.398
0.386
0.405
0.419
0.403
0.403
0.410
0.400
0.409
0.393
0.408
0.411
0.413
0.410
0.414
0.406
0.399
0.386
0.395
0.274
0.414
0.403
0.413
0.425
0.413
0.399
0.399
0.415
0.403
0.403
0.396
0.397
0.418
0.420
0.403
0.414
0.435
0.277
0.439
0.439
0.425
0.411

S-v
0.82¢
0.326
0.850
0.854
0.838
0.820
0.813
0.826
0.328
0.838
0.830
0.845
0.837
0.829
0.825
0.828
0.839
0.842
0.846
0.854
0.849
0.622
0.839
0.834
0.844
0.827
0.836
0.843
0.828
0.838
0.844
0.844
0.833
0.833
0.836
0.826
0.832
0.827
0.818
0.625
0.832
0.832
0.825
0.830

Ne2

comp

comp
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N°2

LST

002753
002837
002918
003001
003041
003121
003202
003242
003446
003526
003611
003651
003740
003820
003859
003930
004026
004106
004237
004318
004438
004528
004611
004657
004739
004828
004957
005039
005123
005201
005246
005325
005406
005446
005705
005751
005834
005916
005957
010037
010118
010202
010246
010700

Astronol

v
7.497
7.492
7.506
7.515
7.512
7.508
7.501
7.510
7.507
7.512
7.501
7.500
7.501
7.519
7.492
7.500
7.520
7.536
7.506
7.519
7.507
7.512
7.523
7.515
7.513
7.508
7.527
7.521
7.519
7.526
7.507
7.513
7.521
7.521
7.528
7.535
7.540
7.527
7.518
7.541
7.548
7.517
7.529
8.571
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TABLE Al. (continued)

U-v
3.507
3.533
3.521
3.516
3.519
3.566
3.548
3.522
3.574
3.566
3.511
3.541
3.543
3.521
3.570
3.573
3.504
3.493
3.581
3.539
3.544
3.539
3.558
3.545
3.558
3.552
3.547
3.552
3.560
3.558
3.584
3.578
3.572
3.566
3.550
3.577
3.574
3.562
3.561
3.548
3.556
3.618
3.550
3.051

P-v
3.015
2.978
2.963
2.954
2.986
2.989
2.971
2.972
2.976
2.951
2.969
2.995
3.001
2.978
3.014
2.986
2.989
2.948
2.973
2.964
2.984
2.947
2.976
3.012
3.008
3.006
2.984
2.977
2.980
2.977
2.987
3.018
2.984
3.000
2.996
2.994
2.959
3.005
3.000
2.980
2.972
3.002
2.966
2.535

X-v
2.064
2.064
2.043
2.053
2.055
2.038
2.081
2.061
2.055
2.065
2.064
2.060
2.085
2.095
2.080
2.100
2.057
2.054
2.100
2.081
2.077
2.071
2.044
2.093
2.081
2.085
2.079
2.047
2.085

1 2.071
2.060
2.083
2.074

2.094
2.074
2.102
2.061
2.092
2.090
2.042
2.077
2.083
2.087
1.675

Y-V
0.816
0.794
0.792
0.780
0.778
0.790
0.807
0.798
0.782
0.779
0.801
0.801
0.797
0.784
0.816
0.791
0.784
0.771
0.801
0.785
0.797
0.794
0.790
0.798
0.804
0.803
0.786
0.802
0.806
0.789
0.791
0.788
0.790
0.787
0.783
0.776
0.783
0.802
0.784
0.775
0.768
0.805
0.796
0.624

Z-V
0.418
0.425
0.451
0.401
0.399
0.402
0.423
0.411
0.377
0.400

0.411
0.410

0.435
0.394
0.434
0.422
0.391
0.378
0.399
0.409
0.418
0.418
0.388
0.395
0.420
0.425
0.444
0.398
0.409
0.401
0.411
0.401
0.413
0.404
0.400
0.403
0.396
0.423
0.420
0.370
0.386
0.426
0.411
0.268
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S-Vv
0.828
0.829
0.834
0.842

.0.844

0.840
0.830
0.841
0.829
0.843

0.824
0.819

0.831
0.848
0.814
0.820
0.850
0.862
0.831
0.845
0.844
0.856
0.842
0.843
0.827
0.829
0.845
0.820
0.849
0.845
0.827
0.829
0.849
0.846
0.844
0.855
0.859
0.843
0.831
0.849
0.870
0.831
0.849
0.633_ comp
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TABLE A2. Photometric data on the Vilnius UPXYZVS
system for II Peg and the comparison star HD 224016 for
the 16 August 1989. The data were obtained from Maid-
anak (long = 4"27™36°, lat = 38°41'03"), time is given in
Local Sidereal Time.

LST

195800
200133
200213
200255
200335
200418
200601
200641
200723
200802
200844
200933
201048
201130
201211
201253
201333
201415
201456
201539
201655
201737
201836
201919
201958
202038
202119
202256
202336
202416
202500
202542
202623
202705
203100
205000
205624
205712
205753
205833
205914

\%
8.472
7.335
7.339
7.335
7.346
7.352
7.339
7.339
7.329
7.331
7.344
7.350
7.333
7.331
7.321
7.336
7.341
7.346
7.337
7.331
7.314
7.346
7.336
7.335
7.342
7.337
7.344
7.325
7.335
7.342
7.348
7.356
7.342
7.335
8.484
8.493
7.331
7.342
7.340
7.338
7.347

u-v

2.948
3.465
3.445
3.455
3.484
3.464
3.455
3.441
3.500
3.461
3.475
3.464
3.459
3.487
3.493
3.438
3.479
3.420
3.457
3.454
3.496
3.388
3.457
3.449
3.439
3.432
3.427
3.462
3.484
3.463
3.442
3.462
3.461
3.514
2.964
2.962
3.468
3.477
3.452
3.477
3.492

PV’
2.478
2.919
2.913
2.908
2.937
2.932
2.922
2.942
2.910
2.880
2.917
2.898
2.903
2.937
2.926
2.946
2.903
2.893
2.910
2.925
2.952
2.913
2.901
2.887
2.903
2.896
2.921
2.959
2.915
2.909
2.920
2.919
2.885
2.919
2.490
2.477
2.917
2.907
2.897
2.941
2.910

X-v
1.630
2.053
2.042
2.056
2.043
2.034
2.037
2.014
2.036
2.038
2.000
2.040
2.057
2.042
2.042
2.024
2.028
2.050
2.052
2.031
2.068
2.020
2.032
2.034
2.022
2.013
2.019
2.060
2.023
2.035
2.020
2.019
2.038
2.012
1.644
1.634
2.022
2.000
2.014
2.042
2.060

Y-V
0.609
0.773
0.768
0.782
0.761
0.757
0.762
0.768
0.784
0.795
0.766
0.762
0.782
0.780
0.783
0.781
0.775
0.773
0.768
0.780
0.788
0.777
0.765
0.766
0.773
0.783
0.764
0.781
0.777
0.763
0.761
0.757
0.757
0.777
0.613
0.604
0.770
0.775
0.792
0.781
0.781

Z-V
0.263
0.402
0.391
0.390
0.390
0.384
0.374
0.393
0.407
0.394
0.377
0.378
0.380
0.382
0.388
0.380
0.382
0.389
0.379
0.380
0.408
0.374
0.375
0.393
0.365
0.402
0.369
0.409
0.377
0.360
0.376
0.368
0.387
0.391
0.257
0.250
0.400
0.376
0.371
0.401
0.380

S-v
0.639
0.848
0.846
0.843
0.854
0.860
0.850
0.843
0.830
0.835
0.833
0.851
0.850
0.834
0.831
0.842
0.825
0.840
0.839
0.844
0.829
0.854
0.846
0.828
0.828
0.843
0.849
0.836
0.839
0.843
0.849
0.850
0.833
0.847
0.636
0.634
0.813
0.836
0.834
0.827
0.827

comp.

comp.

comp.
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LST

205953

210103
210143
210224
210304
210345
210426
210507
210548
210628
210744
210824
210904
210944
211023
211105
211154
211234
211339
211435
211516
211558
211638
211732
211820
211901
211940
212124
212213
212253
212332
212413
212457
212548
212700
212847
212926
213009
213049
213145
213231

A%

7.340
7.356
7.345
7.344
7.351
7.348
7.362
7.357
7.349
7.357
7.345
7.336
7.343
7.356
7.345
7.350
7.355
7.349
7.353
7.348
7.345
7.349
7.339
7.337
7.358
7.355
7.349
7.340
7.347
7.355
7.344
7.348
7.344
7.362
8.500
7.346
7.360
7.337
7.380
7.349
7.355
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U-v
3.454
3.463
3.448
3.459
3.470
3.464
3.451
3.421
3.464
3.438
3.478
3.512
3.460
3.466
3.460
3.459
3.465
3.482
3.458
3.442
3.480
3.459
3.483
3.469
3.654
3.463
3.521
3.501
3.509
3.464
3.489
3.483
3.476
3.479
2.970
3.451
3.465
3.501
3.459
3.474
3.460

P-v
2.938
2.910
2.903
2.917
2.888
2.925
2.925
2.888
2.910
2.937
2.939
2.956
2.935
2.916
2.920
2.931
2.897
2.953
2.924
2.935
2.932
2.914
2.951
2.933
2.933
2.902
2.905
2.932
2.917
2.910
2.891
2.913
2.912
2.897
2.484
2.912
2.890
2.921
2.867
2.924
2.925

X-v
2.047
2.042
2.052
2.039
2.023
2.027
2.035
2.006
2.061
2.001
2.053
2.037
2.051
2.009
2.010
2.040
2.021
2.043
2.017
2.027
2.050
2.034
2.044
2.023
2.024
2.000
1.999
2.032
2.053
2.003
2.023
2.039
2.041
2.039
1.647
2.070
2.033
2.038
2.010
2.011
2.009

Y-V
0.784
0.774
0.773
0.793
0.765
0.768
0.754
0.770
0.782
0.768
0.775
0.782
0.782
0.774
0.773
0.779
0.774
0.772
0.765
0.777
0.780
0.768
0.787
0.798
0.766
0.787
0.784
0.786
0.777
0.785
0.792
0.772
0.774
0.767
0.610
0.784
0.777
0.818
0.741
0.785
0.780

Z-V
0.391
0.369
0.389
0.376
0.386
0.394
0.372
0.379
0.399
0.392
0.386
0.401
0.384
0.392
0.393
0.398
0.378
0.382
0.386

0.392

0.391
0.400
0.395
0.403
0.388
0.379
0.384
0.408
0.395
0.389
0.403
0.399
0.398
0.374
0.277
0.384
0.391
0.405
0.375
0.393
0.390
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TABLE A2. (continued)

S-v
0.828
0.840
0.839
0.830
0.845
0.824
0.851
0.841
0.836
0.825
0.844
0.819
0.821
0.842
0.827
0.838
0.844
0.826
0.834
0.826
0.830
0.833
0.825
0.819
0.842
0.837

0.842 -

0.820
0.835
0.843
0.835
0.815
0.833
0.849
0.633
0.834
0.842
0.812
0.857
0.837
0.846

comp.

LST

213311
213542
213625
213704
213748
213829
213949
214021
214148
214230
214309
214357
214440
214520
214604
214646
214825
214905
214955
215041
215124
215257
215257
215337
215800
222300
222853
222935
223019
223104
223143
223224
223303
223344
223425
223505
223651
223732
223819
223900
223945

v

7.347
7.370
7.347
7.365
7.360
7.362
7.367
7.361
7.344
7.356
7.359
7.371
7.366
7.368
7.352
7.354
7.353
7.354
7.344
7.361
7.360
7.344
7.348
7.348
8.511
8.529
7.386
7.371
7.368
7.373
7.380
7.359
7.394
7.378
7.370
7.401
7.370
7.376
7.392
7.388
7.373

U-v
3.464
3.438
3.490
3.452
3.469
3.496
3.479
3.513
3.477
3.425
3.463
3.454
3.488
3.467
3.479
3.477
3.462
3.456
3.508
3.477
3.454
3.501
3.478
3.458
2.977
3.004
3.473
3.497
3.513
3.511
3.515
3.555
3.513
3.496
3.526
3.503
3.519
3.516
3.503
3.523
3.544

P-v
2.900
2.667
2.920
2.910
2.913
2.894
2.923
2.945
2.909
2.959
2.895
2.910
2.922
2.912
2.928
2.908
2.931
2.930
2.922
2.939
2.925
2.940
2.958
2.921
2.494
2.522
2.929
2.927
2.943
2.937
2.941
2.966
2.909
2.943
2.961
2.928
2.943
2.914
2.933
2.922
2.944

X-v
2.027
2.014
2.045
2.023
2.031
2.033
2.032
2.057
2.036
2.036
2.025
2.027
2.007
2.044
2.036
2.041
2.045
2.037
2.061
2.018
2.018
2.037
2.045
2.051
1.655
1.656
2.036
2.058
2.054
2.029
2.044
2.065
2.054
2.075
2.054
2.021
2.072
2.048
2.030
2.018
2.051

Y-V
0.784
0.748
0.793
0.784
0.772
0.788
0.770
0.787
0.803
0.778
0.787
0.768
0.756
0.777
0.776
0.781
0.775
0.779
0.794
0.782
0.768
0.790
0.778
0.787
0.616
0.617
0.771
0.788
0.790
0.782
0.782
0.796
0.775
0.777
0.794
0.769
0.786
0.795
0.768
0.762
0.789

Z-vV
0.384
0.363
0.397
0.384
0.399
0.395
0.383
0.385
0.399
0.374
0.387
0.382
0.493
0.490
0.504
0.492
0.502
0.489
0.510
0.497
0.483
0.499
0.485
0.506
0.365
0.339
0.432
0.465
0.468
0.460
0.457
0.458
0.431
0.444
0.454
0.434
0.446
0.453
0.421
0.427
0.429

S-V
0.821
0.847
0.830
0.845
0.825
0.837
0.841
0.831
0.822
0.837
0.830
0.840
0.828
0.848
0.827
0.841
0.831
0.841
0.816
0.826
0.838
0.819
0.833
0.819
0.631
0.637
0.846
0.821
0.832
0.828
0.831
0.808
0.847
0.831
0.824
0.833
0.828
0.828
0.848
0.846
0.835

No2

comp.

comp.
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TABLE A2. (continued)

LST \% Uv PV XV YV ZV SV LST \% uv PV XV YV ZV SV
224115 7.404 3.507 2.939 2.015 0.769 0.412 0.851 231515 7.392 3.504 2.940 2.027 0.784 0.391 0.840
224157 7.363 3.517 2.974 2.049 0.796 0.461 0.810 231557 7.372 3.538 2970 2.054 0.795 0.427 0.819
224338 7.359 3.555 2.939 2.057 0.806 0.452 0.822 231638 7.387 3.500 2.955 2.053 0.781 0.394 0.841
224419 7.375 3.550 2.907 2.050 0.793 0.432 0.837 231750 7.369 3.544 2.978 2.062 0.801 0.415 0.810
224508 7.390 3.500 2.950 2.030 0.795 0.418 0.855 231839 7.376 3.541 2.962 2.075 0.783 0.412 0.826
224556 7.378 3.518 2.936 2.044 0.790 0.426 0.833 231919 7.385 3.494 2930 2.057 0.816 0.398 0.838
224637 7.393 3.525 2.909 2.034 0.760 0.405 0.852 232003 7.391 3.531 2.934 2.034 0.783 0.392 0.841
224721 7.399 3.519 2.940 2.023 0.766 0.402 0.859 232051 7.409 3.469 2913 2.025 0.750 0.371 0.865
224800 7.377 3.527 2.948 2.060 0.787 0.422 0.837 232136 7.382 3.547 2.958 2.049 0.779 0.402 0.833
224843 7.377 3.544 2.940 2.047 0.786 0.414 0.836 232220 7.382 3.547 2.950 2.056 0.781 0.412 0.838
224950 7.377 3.513 2.968 2.065 0.794 0.415 0.825 232700 8.533 3.052 2.543 1.671 0.627 0.276 0.630 comp.

225031 7.389 3.521 2.947 2.038 0.780 0.400 0.836
225116 7.376 3.519 2.945 2.054 0.787 0.424 0.827
225159 7.381 3.512 2.923 2.048 0.787 0.417 0.845
225240 7.368 3.533 2.952 2.037 0.790 0.420 0.822

TABLE A3. Photometric V-band data for II Peg as ob-
tained from the Fine Error Sensor on IUE.

225334 7.388 3.500 2.936 2.033 0.775 0.405 0.826 Date UT VvV Date uT Vv
225415 7.364 3.521 2.958 2.060 0.799 0.422 0.834 14 Aug 1989 22:30 7.64 15 Aug 1989 23:13 7.46
225457 7.381 3.515 2.958 2.041 0.775 0.405 0.838 23:15 7.60 16 Aug 1989 00:41 7.44
225538 7.380 3.499 2.942 2.046 0.770 0.400 0.830 15 Aug 1989 00:54 7.61 01:18 743
225620 7.378 3.500 2.930 2.037 0.791 0.420 0.845 01:34 7.58 03:14 7.45
225700 8.531 3.022 2.534 1.666 1.620 0.300 0.632 comp. 03:10 7.63 06:26 7.35
225826 7.372 3.524 [~.951 2.066 0.797 0.406 0.828 06:25 ¢7.50 08:34 7.39
225908 7.379 3.541 2.958 2.060 0.787 0.410 0.833 07:47 7.52 09:21 7.39
225949 7.380 3.524 2.931 2.043 0.791 0.388 0.838 08:26  7.51 09:59  7.42
230036 7.381 3.537 2.936 2.030 0.784 0.399 0.839 09:47 7.49 11:21 7.40
230116 7.392 3.539 2.922 2.052 0.773 0.376 0.847 10:26  7.50 12:01 7.38
230157 7.377 3.538 2.947 2.076 0.777 0.394 0.832 11:50 7.53 13:06 7.42
230243 7.369 3.547 2981 2.066 0.795 0.433 0.825 12:28  7.57 13:44 7.42
230325 7.380 3.524 2.954 2.168 0.797 0.423 0.836 13:55 7.62 15:09 7.42
230407 7.379 3.514 2.947 2.035 0.784 0.410 0.831 14:44 7.63 15:53  7.39
230454 7.386 3.518 2.954 2.053 0.779 0.401 0.845 16:16  7.58 16:36  7.38
230613 7.384 3.539 2.960 2.053 0.767 0.417 0.839 16:5¢ 7.56 17:38  7.33
230654 7.388 3.530 2.955 2.044 0.785 0.406 0.833 18:1‘? 7.50 18:55 7.37
230737 7.391 3.523 2.973 2.065 0.774 0.411 0.846 18:56  7.49 19:39  7.37
230822 7.383 3.528 2.934 2.041 0.797 0.408 0.837 20:58 7.43 20:56  7.34
230906 7.383 3.508 2.946 2.039 0.783 0.420 0.836 22:33 745

230948 7.383 3.552 2.942 2.055 0.787 0.409 0.835

231029 7.394 3.546 2.964 2.026 0.772 0.409 0.846 TABLE A4. Photometric UBVRI data for II Peg as ob-
231146 7.381 3.499 2.957 2.050 0.788 0.421 0.829 tained from the Konkoly Observatory. The data are dif-

ferences with respect to BD +27 4648.
231228 7.382 3.525 2.944 2.075 0.782 0.419 0.833

231309 7.382 3.530 2.954 2.057 0.786 0.426 0.825 JD AV A(U-B) A(B-V) A(V-R) A(V-])
231353 7.389 3.487 2.959 2.057 0.783 0.409 0.815 2447754.390 -1.907 -0.141  -0.001  0.106  0.230
231434 7.385 3.506 2.977 2.054 0.784 0.397 0.838 2447755.387 -2.043 -0.137  -0.009  0.092  0.206
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TABLE A5. Photometric UBV (RI)k¢ data for II Peg as TABLE A6. Photometric UBV data for II Peg as obtained
obtained from the SAAQ. The data are differences with from the Stephanion Observatory. The data are differences

respect to HD 224 084. with respect to BD +27 4648, BD +28 4667 and BD +28
4668.

HID vV (B-V) (U-B) (V-R) (V-I) D vV (B-V) (U-B)
2447727.614 7.42 1.02 0.70 0.60 1.21 2447741.5235 7.440 1.031 0.586
2447728.620 7.33 1.02 0.65 0.59 1.21 2447741.5273 7.435 1.039 0.589
2447730.616 7.48 1.04 0.60 0.59 1.34 2447741.5353 7.435 1.046 0.596
2447741.595 7.38 1.02 0.67 0.60 1.22 2447741.5391 7.440 1.046 0.619
2447742.576 7.34 1.02 0.66 0.58 1.21 2447743.5042 7.468 1.029 0.584
2447743.574 T.44 1.03 0.66 0.61 1.23 2447743.5092 7.461 1.056 0.591
2447744.572 7.54 1.04 0.67 0.60 1.24 2447743.5194 7.458 1.033 0.580
2447745.569 7.73 1.07 0.70 0.62 1.30 2447743.5244 7.428 1.043 0.589
2447746.558 7.69 1.04 0.73 0.62 1.29 2447744.5155 7.575 1.043 0.569
2447748.549 7.37 1.02 0.63 0.59 1.21 2447744.5195 7.571 1.056 0.590
2447755.539 7.36 1.03 0.66 0.59 1.22 2447744.5280 7.570 1.053 0.583
2447759.527 7.76  1.08 0.75 0.64 1.32 2447744.5310 7.561 1.048 0.590
2447760.525 7.63 1.04 0.69 0.62 1.25 2447745.5139 7.789 1.061 0.602
2447764.509 T7.49 1.04 0.66 0.56 1.22 2447745.5171 7.789 1.070 0.599
2447779479 7.76 1.07 0.73 0.63 1.31 2447745.5247 7.742 1.080 0.632
2447792480 7.69 1.03 0.62 0.60 1.28 2447745.5286 7.759 1.071 0.629
2447794.454 7.60 1.05 0.69 0.61 1.27 2447748.5389 7.436 1.017 0.532
2447803.392 7.38 1.02 0.68 0.60 1.22 2447750.5370 7.495 1.039 0.551
2447805.408 7.57 1.01 0.72 0.59 1.25 2447750.5402 7.479 1.035 0.547
2447807.382 7.67 1.03 0.66 0.62 1.27 2447750.5481 7.466 1.051 0.549
2447811.388 7.43 1.02 0.52 0.61 1.23 2447750.5516 7.495 1.026 0.539
2447838.325 7.42 1.05 0.67 0.59 1.19 2447751.4962 7.584 1.029 0.531
2447841.312 7.71 1.05 0.73 0.63 1.30 2447751.4997 7.585 1.032 0.550
2447842309 7.53 1.02 0.71 0.62 1.24 2447751.5085 7.623 1.046 0.558
2447843.306 7.38  1.02 0.64 0.57 1.22 2447751.5119 7.628 1.035 0.566
2447847.321 7.71 1.06 0.71 0.62 1.29 2447752.5122 7.784 1.081 0.583
2447849.302 7.48 1.05 0.68 0.62 1.25 2447752.5155 7.808 1.069 0.603
2447850.289 7.37 1.02 0.64 0.59 1.22 2447752.5231 7.797 1.075 0.582
2447851.299 7.37 1.03 0.64 0.57 1.20 2447752.5265 7.787 1.088 0.605
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FIGURE 1. A composite Johnson U-band (o) and X-ray (1 — 10 keV) light-curve (f) for the flare detected on II Peg 17 August

1989. Time is given in UT from 17 August 1989
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FIGURE 2. The time-lines of the flare monitoring periods for X-
ray data from GINGA, the ultraviolet data from IUE, the 3.6,
6 and 20 cm data from the VLA, the red and blue spectroscopy
from the INT (La Palma), the U-band data from Stephanion
(Greece), the B and V-band data from Mt. Suhora (Poland)
and the UPXY ZV S data from Mt. Maidanak (Vilnius data).
Note that there are small gaps in each of the above time-
lines due to observing a standard star, data read-out, computer
crash, detectors shut-off, etc. see text for details
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FIGURE 3. V-band photometry for II Pegin August 1989 from
SAAO (o), Stephanion (O), Konkoly Observ. (A) and FES
(large histogram plot). Data from Mt. Suhora, Vilnius and
Athens are the heavy histograms. Note that the SAAO data
points at phases 0.99 and 0.035 were taken one and four weeks
respectively after the FES and/or Mt. Suhora data
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Il Pegasi - Quiescent Spectrum.
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FIGURE 4. The quiescent data for II Peg obtained with GINGA in August 1989 (+), plus a model fit of a single temperature
Raymond & Smith model (T = 12.4 x 108 K) plus a power-law of v =

. ¢ 2.05 for the high energy points. The power-law tail
starts becoming prominent at about 6 keV and extends up to 18keV
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FIGURE 5. Observed fluxes of the C IV 1550A (a) and Mg I1 h & k (b) emission lines as observed by IUE from August 15 to
August 17, 1989. The time axis is in days
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FIGURE 6. A plot of the 6 cm VLA flux in Jy (lower curve) plus the LAC countrate in ct s~! (upper curve) as a function of
time from the start of the GINGA observations. The time axis is in hours from 00:00 UT on 14 August 1989
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FIGURE 7. (a) The flare-only spectrum (i.e. a mean quiescent spectrum has been subtracted) for II Peg in the blue at around
the peak of the 17 August flare (~ 2:18 UT) and (b) a flare only spectrum late in the flare decay phase (~ 4:50 UT)
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FIGURE 8. The observed spectrum in the region of Mn I 40324 late in the flare decay (~ 4:50 UT) (— — —) of the observations,
plus the mean quiescent spectrum (— — —) superimposed. Note that a small value of 0.1 x 1072 erg cm™2 s~1 A™" has been

added to the quiescent spectrum in order to match the depth of absorption features close to Mn I
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FIGURE 9. (a) The line flux in Ca II 3933A and H 6 lines as a function of time from 02:00 UT to 06:00 UT on 17 August 1989
and (b) the FWHM of the above two lines during the same interval
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FIGURE 10. The continuum power radiated by II Peg in the range 4000 — 6750A is shown as a function of time (17 August
1989, 00:30 UT to 06:00 UT). A distance of 29.4 pc to II Peg has been assumed
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FIGURE 11. Sample “simple burst model” fits to the X-ray data for four values of 8: (a) 8 = 0.1, (b) 3 =0.8, (c) 8 =1.0 and
(¢) B =5.0. The total integrated X-ray flare energy is given for each model
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