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Abstract. — We have monitored P Cygni from 1990 to 1992 with a fiber-linked echelle spectrograph and a CCD
detector. The spectra cover the wavelength range 4050 A < A < 6750 A with a spectral resolution of A\/AX & 12,000.
The S/N-ratio of the spectra depends on wavelength and weather conditions, but typically it is better than 100. Due
to the linear detector, we cannot only study radial velocities, but also the line strengths with good precision. We found

variations in radial velocity of about 30 to 50 km s~

! and line strength variations of the order of 30%. The typical

timescales of the variations are months. Clear line splittings have not been found in our data.
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1. Introduction

P Cygni is, with a visual magnitude of V' = 4.8, the bright-
est Luminous Blue Variable (LBV) in the sky. It had
a large outburst in 1600, large variations (3 mag) for a
period of about 200 years, and has been relatively sta-
ble — with a small secular brightness increase (de Groot

& Lamers 1992) — for the last 200 years. Since the first

spectroscopic observations in the last century, it has al-
ways exhibited a peculiar spectrum with almost all lines
showing P Cygni profiles (undisplaced emission and blue-
shifted absorption). At present, P Cygni is photometri-
cally slightly variable (=~ 0™2), see e.g. Percy et al. (1988).
The photometric history and an extensive discussion of the
older literature has been presented by de Groot(1969). For
a good summary see also de Groot & Lamers (1983).

Spectroscopic variations of P Cygni have been re-
ported as early as 1913, (Merrill 1913), but these early
reports are suspect, since other authors could not con-
form these variations (Frost 1912; Lockyer 1924; Elvey
1928). Adams & Merrill (1957) remarked that “no ma-
jor changes in the general character of the spectrum have
been reported since the first spectrogram was obtained in
Harvard in 18877, but “the stronger dark lines are subject
to interesting variations in intensity and structure”.

*Partly based on observations collected at the Centro Astro-
nomico Hispano-Aleman, Calar Alto, operated by the Max-
Planck Institut fiir Astronomie Heidelberg, and on observa-
tions collected at the Landessternwarte Tautenburg
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Adams and Merrill also reported occasional line-
splitting of the absorption components of several stronger
spectral lines (see also the discussion by de Groot 1969).
Lamers et al. (1985) have found variable absorption com-
ponents in ultraviolet lines of Fell and Felll as well. The
splitting of absorption components of optical lines has
been studied more recently extensively by several authors,
e.g. Markova (1986), Markova & Kolka (1988, 1989).

de Groot (1969) first discussed in detail the line split-
ting observed especially in the higher Balmer lines and
suggested a periodic variation with a period of about
110 days. Later, a number of different periods have been
proposed, mainly in radial velocities and in photome-
try. These periods have been re-analysed by van Gent &
Lamers (1986) and most have been found to be not real.
In many cases, especially for the spectroscopy, the period
analysis is seriously hampered by the poor sampling of the
data, especially for the most likely periods of the order of
50 to 100 days. Therefore we started a long-term monitor-
ing program to study the spectroscpic variations of P Cyg
systematically.

2. Observations

We have been monitoring P Cygni with high resolution in
wavelength (A/AA = 12,000) and time from 1990 to 1992
with a fiber-linked echelle spectrograph with a large spec-
tral range (4050 A < XA < 6750 A). This is the first long-
term spectroscopic monitoring campaign for this star with
an electronic detector (CCD). Previous long-term spectro-
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scopic studies of this star have relied on photographic data
(e.g. Markova 1986, 1990). Compared to these studies, we
have much higher S/N-ratio and more reliable intensity
measurements.

The average spectrum resulting from our campaign has
been published by Stahl et al. (1993), henceforth called
Paper I. Stahl et al. (1991) found from the same data for
the first time forbidden lines in the spectrum of P Cygni.
In the present paper we want to present the variability of
the strongest lines of P Cygni from 1990 to 1992.

For details of the observations and the data reduction
we refer to Paper 1.

3. Variability of P Cygni

A detailed analysis of the line profile variations requires
detailed modeling and is postponed to a later paper. In
the present paper we present the data and give only a
qualitative discussion of the variations.

Since we could not detect any clear splitting of lines,
(see below), we discuss in the following only the radial
velocity of the absorption components and the intensity of
the emission lines. These two measurements characterize
the variability of the stellar wind of P Cygni.

Below, we mainly discuss two measurements:

— The heliocentric radial velocity of the lines, as deter-
mined from a gaussian fit to the absorption compo-
nent, Vexp.

— The emission-line intensity, which we simply define as
the flux maximum of the line, measured in units of the
nearby continuum, Fiax/Fc.

These two quantities are easily measured in a quanti-
tative way and give some quantitative information on the
variability of P Cygni. We prefer the emission-line inten-
sity to the equivalent width, because the strong lines of
P Cygni have very wide wings, which makes the measure-
ment of the equivalent widths problematic. The gaussian
fit to the absorption component is certainly not always
the best way to measure the radial velocity, since the ab-
sorptions are not always gaussian shaped. However, this
measurement can easily be compared with data from other
instruments and thus makes our data useful for studies on
longer timescales.

We found from our observations clear variations in the
expansion velocity measured from the lines (=~ 30 to 50 km
s71) (see Figs. 1 and 2) and in the emission line strength
(= 30%), see Figs. 3 and 4. This is qualitatively in good
agreement with Markova (1993).

As can be seen from the figures, the variations in dif-
ferent lines are correlated, but not all lines show exactly
the same behaviour. A correlation between the radial ve-
locity and the intensity variations is not obvious. These
results are also in agreement with Markova (1993).

We searched for correlations of the spectroscopic vari-
ations with photometric observations kindly provided by

Mart de Groot, but could not detect any clear correla-
tion. This may partly be due to the absence of promi-
nent features in the light curve during our spectroscopic
campaign. The small photometric variations during our
campaign also shows that the variations in line intensity
(which are measured in units of the continuum) are real
and do not reflect variations in the continuum level.

The typical timescale of the variability is from weeks to
months, which is consistent with the dynamical timescale
of the envelope. There is also a long-term component of the
variations, which is especially clear from the observations
of Ha. Variations with a much shorter timescale (less than
a few days), cannot be well studied with our data, but
appear unlikely because of the smooth variations observed
on a time scale of weeks.

We cannot exclude that the observed variations of
e.g. the HeI\6678 line (see Figs. 5 and 6) are due to
broad moving sub-components. However, our impression
is, that the whole absorption component is shifting to-
wards shorter wavelengths. This could be due to increasing
optical depth as a result of increasing mass-loss. It is also
possible that only the absorption at the higher expansion
velocities is variable, or that the expansion velocity of the
stellar wind is variable. Without a detailed wind model -
making use of the information in all lines available — it is
not possible to decide between these explanations.

No clear line-splitting has been observed by us at any
time. Most lines have variable and sometimes also asym-
metric absorption components, but clear splitting has not
been observed by us. (A possible exception are the NaID
lines. These lines are, however, on our spectra severely
contaminated by terrestrial water vapour absorption, so
that no clear conclusions can be drawn. The region around
the NalD lines is also not free from blends. For possible
blends in the NalD lines see e.g. the discussion in the Ap-
pendix of Bernat & Lambert (1982).) This is not only true
for the lines discussed here, but for alllines in our spectra,
i.e. also for weaker metal lines of SiIII, OII, etc. The metal
lines typically show only variations of +5% of the contin-
uum level. As an example we show in Fig. 7 an overplot
of all our spectra (117) in the region of the SilII\4553
line. The absence of line-splitting is surprising since in
other papers line-splitting is reported to be very common
e.g. Markova & Kolka (1988). It should be mentioned that
the spectral resolution of our data (A/AX = 12,000 for
most spectra, but about 18,000 for some of them) is lower
than the resolution of the coudé spectra of Markova &
Kolka (1988). This is, however, at least partly compen-
sated by the much higher S/N-ratio of our spectra. The
line splittings found e.g. by Markova (1986, 1993) are typ-
ically larger than 40 km s~ and thus should be detectable
with the resolution of our spectra.

There is no doubt that at some phases line-splitting

is present in P Cygni, at least in the higher Balmer lines,
e.g. Adams & Merrill (1957), and possibly also in some
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Hel lines (Astafiev 1969), although in these lines the split-
ting is not as clear. Unfortunately, the higher Balmer lines
cannot be observed with our instrument.

Our result indicates, however, that the reported line-
splitting is not as ubiquitous as sometimes reported in the
literature. The photographic data appear to us to be of in-
adequate quality to detect the splitting of the metal lines,
in other words, some of the reported line splittings appear
to be over-interpretation of noisy photographic data (see
the spectra published by e.g. Markova & Kolka 1989).

Strong variations on longer timescales than covered by
our data have been checked by comparing with the spec-
tra published by Hawkins & Jura (1987) and Bernat and
Lambert (1982). By comparing our data for Ha, HeIA6678
and HeIA7065 with published data of Bernat and Lam-
bert (1982) we found very good agreement in Ha. For the
Hel-lines we find that our mean spectrum has stronger ab-
sorption in these Hel-lines. The emission-line strengths are
very similar. Hawkins & Jura (1987) have observed only a
very small wavelength range, containing a few faint lines
(including one [FelI]-line). The agreement with our data
is good. This comparison probably indicates that varia-
tions on timescales of weeks to months are dominant in
the variability of P Cygni.

Acknowledgements. We thank Mart de Groot for discus-
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schaft (Wo 296, 9-1)

References

Adams W.S., Merrill P.W. 1957, ApJ 125, 102
Astafiev E.R., Astrofizika 4, 461

Bernat A.P., Lambert D.A. 1982, PASP 90, 525

de Groot M.J.H. 1969, Bull. Astron. Inst. Netherlands 20,
225

de Groot M.J.H., Lamers H.J.G.L.M. 1983, Ir. Astron. J.
16, 162

de Groot M.J.H., Lamers H.J.G.L.M. 1992, Nature 355,
422

Elvey C.T. 1928, ApJ 68, 416

Frost E.B. 1912, ApJ 35, 286

Hawkins 1., Jura M. 1987, ApJ 317, 926

Lamers H.J.G.L.M., Korevaar P., Cassatella A. 1985,
A&A 149, 29

Lockyer W.J.S. 1924, MNRAS 84, 409

Markova N. 1986a, A&A 162, L3

Markova N. 1986b,

Markova N. 1990, MNRAS 244, 105

Markova N. 1993, A&A 273, 555

Markova N., Kolka I 1988, Astrophys. Space Sci. 141, 45

Markova N., Kolka I. 1989, An Atlas of Stectral Line Pro-
files of P Cyg in 1981-1983, Eesti Tead. Akad., Tallinn

Merrill P.W. 1913, Lick Obs. Bull. 8, 24

Percy J.R., Napke A.E., Richer M.G. et al. 1988, A&A
191, 248

Stahl O., Mandel H., Szeifert Th., Wolf B., Zhao F. 1991,
A&A 244, 467

Stahl O., Mandel H., Wolf B., Kaufer A., Kneer R.,
Szeifert Th., Zhao F. 1993, A&AS 99, 167

van Gent R.H., Lamers H.J.G.L.M. 1986, A&A 158, 335

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1994A%26AS..107....1S

FT993AQAS. CI07- -5

4 O. Stahl: Spectroscopic variations of P Cygni

Table 1. Variations of the hydrogen lines, 1990. The first Table 2. Same as Table 1, but for 1991
column gives the Julian Date —2,448,000. Columns 2 to
4 give the heliocentric radial velocity of the absorption

component and Cols. 5 to 7 give the emission line strength JD Ho Hp Hy Hae HB Hy
(Fiax/Fc) 347.5 -209.7 -205.6 -196.2 20.32 6.07 3.21
max/2C 349.6 -211.1 -205.0 -196.2 20.56 6.04 3.25

399.6 -205.2 -198.2 -188.5 21.77 6.76 3.47
403.6 -205.2 -205.6 -184.4 21.71 6.96 3.46

JD Ha Hp Hy Ha HB  Hy 412.5 -209.3 -205.0 -197.5 23.48 7.07 3.55
436 -2143 -206.2 -197.5 19.87 6.10 3.30 4315 -207.9 -201.3 -194.1 22.89 6.73 3.33
446 -2129 -205.0 -193.4 1851 5.95 3.20 439.5 -207.4 -197.6 -190.6 21.22 6.42 3.10
59.6 -212.5 -203.8 -197.5 1858 7.08 3.15 4436 -208.3 -197.0 -188.5 22.09 6.31 3.69
60.6 -210.2 -205.6 -1948 1848 5.67 3.11 - 449.4 -207.9 -195.7 -186.5 21.73 6.23 3.29
62.6 -209.7 -203.2 -1941 17.84 5.59 3.11 4544 -203.3 -198.2 - -189.2 21.20 6.00 3.17
67.6 -210.6 -205.0 -189.9 17.92 5.27 2.96 457.4 -204.2 -198.8 -188.5 21.23 588 3.13
84.6 -210.2 -205.0 -188.5 17.70 5.35 2.99 460.4 -206.1 -194.5 -182.3 21.06 595 3.16
85.5 -210.2 -205.0 -193.4 17.61 5.34 2.97 461.4 -204.2 -200.7 -180.9 2097 597 3.21
8.4 -211.1 -205.0 -192.7 17.10 5.30 2.98 462.4 -205.2 -201.3 -182.3 20.92 6.16 3.23
87.5 -208.8 -201.3 -191.3 17.57 5.35 2.96 465.4 -204.7 -200.7 -181.7 21.50 6.29 3.17
88.4 -209.3 -203.8 -192.0 17.59 5.38 2.99 466.4 -202.9 -197.6 -189.9 21.76 6.03 3.23
90.4  -209.7 -201.9 -192.7 17.40 545 3.05 467.4 -207.9 -196.4 -188.5 21.21 597 3.14
92.4  -209.7 -202.5 -193.4 17.89 5.56 3.13 469.4 -205.2 -194.5 -183.0 20.87 5.92 3.11
93.5 -211.1 -205.6 -183.7 18.22 5.62 3.13 471.4 -204.2 -200.1 -181.7 2099 589 3.19
944 -212.0 -206.2 -184.4 1778 5.75 3.15 473.4 -203.8 -198.8 -186.5 20.13 5.84 2.99
95.4 -211.6 -206.2 -1941 1822 5.73 3.20 4744 -208.8 -198.8 -190.6 20.55 5.95 3.23
96.4 -2143 -201.9 -192.7 1849 570 3.14 475.4 -207.0 -197.0 -189.2 21.19 6.05 3.25
97.4 -209.7 -202.5 -193.4 18.26 5.68 3.18 478.4 -203.8 -201.9 -1934 21.29 6.08 3.26
98.4 -214.8 -201.9 -1934 1852 5.66 3.15 479.4 -207.4 -197.6 -185.1 2079 6.09 3.21
99.4 -209.3 -205.0 -1941 18.26 5.64 3.15 482.4 -203.8 -201.9 -183.7 20.68 6.04 3.26

100.4 -216.6 -206.2 -1948 18.08 5.68 3.19 484.4 -202.9 -201.9 -183.0 21.34 6.10 3.30
101.4 -216.6 -205.6 -192.0 17.72 5.62 3.06 490.3 -205.6 -198.8 -193.4 20.95 6.24 3.43
102.4 -216.6 -205.6 -1948 1811 5.72 3.22 491.3 -204.9 -197.3 -192.0 2083 6.25 3.44
103.4 -216.1 -205.6 -1941 1832 5.78 3.22 492.3 -205.2 -199.4 -192.0 2213 6.41 3.45
1044 -217.5 -206.9 -196.2 1827 5.73 3.18 493.3 -204.7 -198.2 -191.3 22.19 6.41 3.46
105.4 -216.6 -206.2 -193.4 18.20 5.75 3.18 4943 -206.1 -200.1 -190.6 21.67 6.41 3.45
106.4 -216.6 -206.2 -1948 18.50 5.67 3.13 495.3 -204.2 -197.6 -190.6 21.92 6.34 3.38
1074 -216.6 -206.2 -194.8 1833 565 3.12 496.3 -203.8 -197.0 -198.2 21.26 6.27 3.37
108.4 -217.5 -207.5 -196.2 18.07 5.64 3.14 498.3 -202.9 -195.7 -189.9 21.22 6.28 3.38
121.4  -219.3 -210.6 -20L.7 17.86 5.25 2.94 499.4 -203.3 -203.2 -192.7 21.71 6.30 3.40
126.4 -220.7 -210.6 -202.4 17.53 5.07 2.77 502.3 -204.2 -197.0 -199.6 21.63 6.26 3.32
127.4  -220.7 -210.6 -202.4 17.50 4.94 2.73 509.3 -204.7 -200.1 -198.2 20.81 6.03 3.21
128.4 -220.2 -213.0 -203.1 17.34 489 272 512.3 -207.9 -204.4 -191.3 20.96 6.07 3.30
150.4 -219.3 -213.6 -203.8 13.90 4.18 241 514.3 -205.2 -200.1 -194.8 21.54 6.23 3.35
151.4 -220.7 -218.6 -202.4 13.65 4.14 244 517.3 -207.9 -205.6 -191.3 22.40 6.45 3.51
163.4 -221.6 -211.2 -201.7 13.72 437 2.48 518.3 -207.0 -204.4 -188.5 22.14 6.43 3.48
166.4 -220.7 -208.7 -201.0 13.81 4.40 2.64 519.3 -206.5 -204.4 -191.3 21.88 6.31 3.43
168.4 -217.0 -212.4 -2045 13.77 4.55 2.59 520.3 -206.1 -203.8 -187.2 21.51 6.24 3.35
175.4 -210.6 -209.9 -201.7 14.75 4.85 2.82 521.3 -205.2 -202.5 -191.3 20.64 6.19 3.35
1774 -2164 -212.3 -195.7 14.59 4.98 2.88 539.3 -205.6 -206.9 -190.6 21.82 6.29 3.45
180.4 -212.5 -208.7 -1948 1491 4.98 3.01 556.3 -210.6 -203.8 -192.0 23.06 6.65 3.52
2203 -216.6 -215.5 -197.5 15.88 5.23 2.94 561.3 -209.3 -204.4 -192.0 22.52 6.82 3.60
2234 -211.6 -203.8 -199.6 15.63 5.12 2.90 562.2 -208.8 -209.3 -190.6 23.33 6.77 3.40
231.2  -2179 -205.0 -197.5 15.57 5.10 2.90 587.2 -207.0 -205.6 -189.9 22.11 6.05 3.11
232.2 -2175 -205.0 -198.2 1552 5.13 2.97 589.2 -204.2 -203.2 -189.2 21.10 6.01 3.13
233.2  -215.2 -203.2 -1941 1566 5.13 2.97 591.2 -206.5 -206.2 ~-189.2 21.54 6.13 3.27

597.2 -207.4 -206.9 -190.6 21.71 591 3.10
602.2 -207.9 -206.9 -198.2 20.86 5.70 3.00

Table 3. Same as Table 1, but for 1992

JD Ha HA Hy Ha Hp H~y
683.6 -203.8 -199.4 -186.5 20.54 6.21 3.15
686.6 -206.5 -195.1 -190.6 20.26 6.38 3.37
689.6 -208.3 -205.0 -187.9 20.32 6.33 3.48
691.6 -205.2 -198.2 -191.3 20.69 6.30 3.52
757.6  -209.3 -200.7 -183.7 18.96 6.19 3.21
758.4 -210.2 -198.8 -184.4 19.43 6.25 3.25
760.4 -210.2 -200.7 -187.9 19.20 6.39 3.24
762.4 -207.9 -197.6 -187.2 19.87 6.56 3.33
763.4 -208.8 -198.2 -189.2 20.12 6.70 3.41
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Table 4. Variations of the Hel lines, 1990. The first col- Table 5. Same as Table 4, but for 1991

umn gives the Julian Date —2,448,000. Columns 2 to 4

give the heliocentric radial velocity of the absorption com-

ponent and Cols. 5 to 7 give the emission line strength ID  X66T8  ASST6  AATL  AGETS  AG6TS  Ad4TL

(Fmax/Fc) 3475 -158.5 -180.5 -161.5  2.54 424 208
349.6 -155.8 -178.0 -160.1 248  4.24  2.08
399.6 -149.6 -167.8 -158.8  2.70 460  2.17

JD  X6678 A58T6 4471  A6678 6678  A44T1 403.6 -151.8 -169.3 -162.2 2.70 4.59 2.13
43.6 -175.6 -194.3 -176.9 2.76 4.66 2.22 412.5 -168.0 -181.0 -166.9 2.72 4.69 2.15
446 -173.8 -191.3 -176.3 2.71 4.49 2.10 431.5 -160.3 -175.4 -156.1 2.61 4.43 2.04
59.6 -173.8 -190.7 -178.3 2.68 4.07 2.29 439.5 -155.4 -176.5 -156.1 2.63 4.21 2.02
60.6 -171.6 -191.8 -174.2 2.59 4.41 2.09 443.6 -156.7 -169.3 -159.5 2.63 4.33 2.11
62.6 -170.7 -190.7 -173.6 2.62 4.30 2.09 449.4 -154.5 -168.8 -156.1 2.55 4.23 2.07
67.6 -165.7 -188.7 -167.5 2.47 4.15 2.00 454.4 -148.7 -169.3 -152.1 2.45 4.13 2.00
84.6 -158.1 -181.0 -158.1 2.62 4.43 2.07 457.4 -150.9 -170.3 -153.4 2.45 4.13 1.98
85.5 -158.1 -180.5 -157.5 2.63 4.43 2.06 460.4 -154.0 -168.3 -158.8 2.50 4.15 2.05
86.4 -159.0 -181.0 -157.5 2.64 4.42 2.06 461.4 -152.7 -167.3 -155.5 2.50 4.19 2.08
87.5 -157.6 -180.0 -162.8 2.62 4.39 2.06 462.4 -153.1 -167.8 -156.1 2.53 4.24 2.08
88.4 -159.0 -181.0 -157.5 2.65 4.40 2.08 4654 -151.4 -173.9 -154.8 2.56 4.28 2.09
90.4 -160.8 -182.1 -160.1 2.68 4.45 212 466.4 -148.2 -171.3 -152.1 2.54 4.30 2.03
924 -162.6 -183.1 -163.5 2.73 4.58 2.17 4674 -153.1 -167.8 -151.4 2.49 4.22 2.01
93.5 -163.9 -184.1 -164.9 2.73 4.60 2.16 469.4 -150.5 -168.8 -157.5 2.44 4.20 1.98
944 -165.3 -180.5 -165.5 2.76 4.57 2.19 471.4 -151.8 -173.9 -156.8 2.46 4.17 1.96
95.4 -165.7 -187.2 -165.5 2.77 4.65 2.17 473.4 -151.8 -173.9 -154.8 2.50 4.13 1.96
96.4 -168.9 -185.7 -171.5 2.79 4.65 2.17 4744  -157.2 -1744 -154.1 2.51 4.21 2.02
974 -1644 -186.2 -164.2 2.79 4.65 2.15 475.4 -156.3 -170.3 -162.2 2.55 4.30 2.07
98.4 -164.4 -186.2 -170.9 2.74 4.61 2.13 4784 -155.8 -177.5 -160.8 2.56 4.26 2.05
99.4 -165.3 -186.7 -162.2 2.73 4.57 2.11 479.4 -158.1 -171.3 -164.2 2.52 4.29 2.07

1004 -172.9 -189.2 -172.2 2.74 4.61 2.15 4824 -157.2 -178.5 -161.5 2.55 4.29 2.03
1014 -173.4 -189.2 -172.9 2.74 4.55 2.13 484.4 -157.2 -178.5 -161.5 2.55 4.32 2.04
1024 -173.4 -189.7 -170.9 2.75 4.63 2.13 490.3 -159.9 -175.9 -159.5 2.63 4.44 2.14
103.4 -1734 -189.7 -170.2 2.77 4.63 2.11 491.3 -159.4 -174.9 -164.2 2.66 4.49 2.15
1044 -175.2 -191.3 -171.5 2.72 4.60 2.09 492.3 -160.8 -176.5 -160.8 2.69 4.59 2.16
1054 -175.2 -191.3 -172.9 2.71 4.57 2.08 493.3 -159.9 -1754 -165.5 2.71 4.60 2.17
106.4 -175.6 -191.8 -172.9 2.67 4.54 2.06 494.3 -161.2 -176.5 -160.8 2.69 4.57 2.15
1074 -176.1 -192.3 -173.6 2.65 4.46 2.06 4953 -159.9 -174.9 -164.9 2.64 4.48 2.09
1084 -177.9 -193.3 -174.2 2.61 4.42 2.08 496.3 -159.4 -174.9 -164.9 2.58 4.40 2.09
1214 -179.6 -198.4 -168.2 2.40 4.06 1.92 498.3 -158.5 -180.0 -163.5 2.60 4.42 2.08
1264 -179.2 -197.9 -176.3 2.39 4.02 1.91 4994 -159.4 -180.5 -163.5 2.61 4.43 2.09
1274 -178.8 -197.4 -168.2 2.34 3.94 1.87 502.3 -160.8 -182.6 -164.9 2.60 4.43 2.06
128.4 -179.6 -198.4 -169.5 2.31 3.90 1.87 509.3 -164.4 -181.0 -161.5 2.55 4.26 2.07
1504 -182.3 -206.1 -181.6 2.22 3.57 1.88 512.3 -169.3 -184.6 -168.2 2.59 4.34 2.12
1514 -182.8 -201.0 -176.3 2.22 3.56 1.86 514.3 -166.6 -182.6 -164.2 2.69 4.50 2.18
163.4 -1774 -1959 -171.5 2.38 3.91 2.03 517.3 -170.2 -185.7 -170.2 2.74 4.62 2.20
166.4 -178.3 -1954 -173.6 2.42 3.97 1.96 518.3 -169.8 -185.1 -168.9 2.73 4.64 2.18
168.4 -175.6 -198.9 -168.9 2.42 4.03 2.01 519.3 -169.3 -184.6 -168.2 2.67 4.52 2.14
175.4 -172.5 -186.7 -169.5 2.58 4.25 2.06 520.3 -169.3 -184.6 -168.2 2.63 4.48 2.12
1774 -173.3 -187.2 -171.9 2.57 4.29 2.08 521.3 -168.4 -183.6 -167.5 2.59 4.41 2.09
180.4 -169.3 -188.7 -168.2 2.61 4.29 2.10 539.3 -164.8 -182.1 -166.2 2.64 4.51 2.14
220.3 -165.7 -187.2 -166.2 2.61 4.30 2.07 556.3 -168.9 -191.3 -164.9 2.59 4.79 2.19
2234 -163.0 -184.6 -158.1 2.51 4.10 2.03 561.3 -173.4 -192.6 -174.9 2.68 4.80 2.25
231.2 -169.8 -188.7 -157.5 2.46 4.03 1.99 562.2 -171.1 -188.7 -171.5 2.65 4.72 2.20
232.2 -168.0 -188.2 -158.8 2.49 3.99 1.99 587.2 -161.7 -180.0 -164.9 2.44 4.42 2.04
233.2 -165.7 -185.7 -155.5 2.44 3.99 2.01 58902 -167.5 -184.1 -164.2 2.48 4.30 2.04

591.2 -165.7 -182.1 -168.2 2.53 4.43 2.08
597.2 -168.9 -184.6 -170.9 2.42 4.39 2.06
602.2 -169.3 -184.6 -167.5 2.42 4.22 2.03

Table 6. Same as Table 4, but for 1992

JD  X6678 A5876 A4471 6678 A6678  A4471
683.6 -151.4 -173.4 -155.5 2.53 4.39 2.08
686.6 -153.6 -175.9 -156.1 2.61 4.45 2.06
689.6 -157.6 -172.9 -161.5 2.63 4.54 2.11
691.6 -156.3 -177.5 -160.1 2.62 4.53 2.14
757.6 -150.9 -169.8 -156.1 2.61 4.39 2.33
758.4 -151.4 -170.3 -156.1 2.63 4.50 2.19
760.4 -151.4 -164.7 -147.4 2.63 4.51 2.21
762.4 -149.6 -166.2 -156.1 2.68 4.71 2.23
763.4 -150.5 -167.3 -156.1 2.70 4.80 2.21
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Fig. 1. The expansion velocity as measured from the Fig. 2. Same as Fig. 1, but for HeIA\6678, 5876, 4471
blue-shifted absorption component of the Ho, H3 and Hy lines

O. Stahl: Spectroscopic variations of P Cygni
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of P Cyg during our monitoring campaign
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Fig. 3. The peak intensity of the Ha, H3 and Hy lines of

P Cyg as observed during our monitoring campaign

Fig. 4. Same as Fig. 3, but for HeIAX6678, 5876, 4471
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Fig. 5. A series of HeI\6678 spectra obtained during the sum-
mer of 1990. Note the smoothly varying blue edge of the ab-
sorption component of this line
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Fig. 6. Same as Fig. 5, but without offsets between the indi-
vidual spectra. In this plot, it can be clearly seen, where in the
line profile the variations are located
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Fig. 7. Overplot of 117 spectra obtained with our instrument
in the region around the SiIlIIA4553 line. Variations in radial
velocity and intensity of the emission and absorption compo-
nents are clearly detected. Line-splitting is not seen in any of
these spectra
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