
The Remarkable Evolution of the Post-AGBStar FG SgeJohanna Jurcsik a;1 Benjam��n Montesinos b;2aKonkoly Observatory, H-1525 Budapest XII, P.O. Box 67, HungarybLAEFF/INTA, P.O. Box 50727, 28080 Madrid, Spainand IAA/CSIC, P.O. Box 3004, 18080 Granada, SpainAbstractFG Sagittae is one of the most important key objects for post-AGB stellar evolu-tionary studies. As a consequence of a �nal helium shell 
ash, this unique variablehas shown real evolutionary changes on human timescales during this century. Therecently observed variations in the emission lines of the surrounding old planetarynebula prove that there is no hot exciting object hidden inside the nebula, thus thereis only one central star, namely FG Sge itself. Consequently, we are witnessing therapid evolution of a single star. Turning to an R CrB type variable in the early 90s,FG Sge also solved the question of the evolutionary state of this type of stars.Some aspects of the observational history of FG Sge are reviewed in this paperand compared with predictions from model calculation results.Key words: Stars: post-AGB, Stars: evolution, Stars: fundamental parameters,Stars: individual: FG Sge, Stars: oscillations, Stars: variables, Planetary nebulae:individual: He 1-5PACS: 97.10.Cv, 97.20.Pm, 97.20.Rp, 97.30.-b, 97.30.Hk, 98.38.Ly
1 IntroductionFG Sagittae, the central star of the old planetary nebula He1-5 has evolvedbefore our eyes from left to right in the HR diagram, going, in just hundredyears, from the hot region of exciting sources of planetary nebulae to the coolred-supergiant domain, thus becoming a newly-born post-AGB star. In 18801 E-mail: jurcsik@buda.konkoly.hu2 E-mail: bmm@lae�.esa.esPreprint submitted to Elsevier Preprint 18 February 1998



the spectral type was as early as O3 and Te� '45,000 K (van Genderen &Gautschy 1995). At the beginning of the century the e�ective temperaturewas still around 40,000 K, whereas the estimates in the 80s and 90s give5,000{6,500 K.
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Fig. 1. The evolution of FG Sge in the V vs. B�V and in the U�B vs. B�V planes.For comparison, the dotted lines show the reddened (EB�V = 0:35) Ia supergiantpositions. From the early 70s the observed surface enrichment of the s-process ele-ments resulted in enhanced line blanketing, which signi�cantly a�ected the colours.This also led to di�culties in the temperature determinations henceforth.In order to summarize the rapid changes observed in the physical parametersof the star, Table 1 lists the spectral type, e�ective temperature and pulsationperiod since 1930, when the photographic data allowed the �rst estimate ofthe period. During the redward evolution the luminosity of the star did not2



change signi�cantly, instead the radius was increasing simultaneously with thetemperature variation (see e.g. Table 3 in van Genderen & Gautschy (1995)).These changes in the size of the extended atmosphere are re
ected in the ob-served increase of the pulsation period. The actual value of the radius dependson the distance assumed, which is, however, uncertain (2,500{4,000 kpc). Thedetermination of Te� , and the spectral type are extremely di�cult and dependstrongly on the wavelength range or technique used. This has been especiallytrue since the surface chemical composition turned to be peculiar. Because theenergy distribution and colours of FG Sge cannot be compared in a straight-forward manner with those of standard stars, quite discrepant results wereobtained even for the same epoch (e.g. 1985{89 in Table 1).The evolution of FG Sge can also be followed in the V vs. B{V and U{B vs.B{V planes as shown in Fig. 1. These graphs and the data in Table 1 alsoshow that the speed of the evolution slowed down in the last two decades. Aslight blueward evolution was even possible in the late 80s, but this is di�cultto assure due to the uncertainties in the temperature determinations arisingfrom the very complex behaviour of the spectra.After the pioneering work by Herbig & Boyarchuk (1968) FG Sge was thesubject of many important observational and theoretical studies. Althoughthere is an agreement in that the observed changes are connected with a�nal He shell 
ash of a post-AGB object, the details of the phenomenon stillconceal many unsolved questions. The comparison of evolutionary calculationsfor thermally pulsating post-AGB models with the observations yield a massof 0:61 � 0:04M� for FG Sge (Bl�ocker & Sch�onberner 1997). To gain a deepinsight into the evolutionary history of FG Sge the interested reader shouldconsult e.g. Montesinos et al. (1990) and van Genderen & Gautschy (1995).Due to mixing processes accompanying the rapid evolution, the surface chem-ical composition of FG Sge has also shown drastic changes. In the early70s, an enhancement in the abundances of s-process elements was observed(Langer et al. 1974). Later, in the 80s, FG Sge became a carbon star (Iijima &Strafella 1993). According to the work by Bl�ocker & Sch�onberner (1997) theenrichment of carbon and s-process elements occurred already during the nor-mal AGB phase of FG Sge and cannot be directly connected with processestaking place during the He shell 
ash observed. In August and September1992, FG Sge underwent a 4 mag deep dimming (Jurcsik 1992), which waslater identi�ed as an R CrB type decline (Jurcsik 1993, Kipper & Kipper1993, Gonzalez et al. 1998). Since then, FG Sge has been one of the mostactive members of this class of variables. Though FG Sge is not as hydrogende�cient as a typical R CrB star is, both its photometric and spectroscopic be-haviour support the R CrB classi�cation. Witnessing the birth of a new R CrBstar reveals the evolutionary state of these variables as born-again AGB ob-jects. The onset of the R CrB type mass loss from the star is, however, in3



Table 1. Summary of the evolution of FG SgeDate Spectral type Te� (K) Ref. P (days)1930 B0 �25,000 12 51955 B4 I >10,000 1 131960 B9 I 9,700 1 201965 A3 I 8,700 1 421966 A3{A4 I 8,500 11967 A5 I 8,300 1 521968 A3 I 8,700; 9,400 1,21969 F0{F2 I 7,500{7,200; 7,700 1,21970 F2{F6 I 7,200{6,500 1 701971 F4{F7 I 6,300; 7,200 1,2 551972 F6 I 6,300 1 531975 G2 I 5,500; 6,200 1,2 851976 5,900 2 771977 G3{G4 I 5,300; 5,700 1,2 851979 G8{G9 I 5,000 1 1051980{82 G8{K0 I; K0{K2 I 5,000 1,3,5 901983 G I 5,600 9 1071985{86 F5{G2 I; K0{K2 I 5,500{6,800; 5,500 4,5 112{1151986{89 F6{F7 I; F8{G2 I; G8{K0 6,500 6,7,8 100{1501992 Gp 5,500{6,000; 5,500 10,11,14,15 751994 5,500; 6,500 11,14 100:1995 5,500 13 741996 5,400; 5,500 14,15Spectral type and temperature determinations are from the compilation and resultsof (1) Acker et al. (1982), and from (2) Stone (1979); (3) Acker (1983); (4) Taranova(1987); (5) Kipper & Kipper (1989); (6) Montesinos et al. (1990); (7) Arkhipova &Taranova (1990); (8) Feibelman & Bruhweiler (1990); (9) Woodward et al. (1993);(10) Stone et al. (1993); (11) Kipper et al. (1995); (12) van Genderen & Gautschy(1995); (13) Kipper (1996); (14) Gonzalez et al. (1998); (15) this paper.The pulsation periods prior to 1970 are from van Genderen and Gautschy (1995),those between 1970 and 1994 have been estimated from all the available photometricobservations, the value for 1995 is from Guinan (1997, private communication).4



question. This might have occurred even earlier than 1992 as the detectionof two circumstellar CO shells by Hinkle et al. (1994) before the �rst declineindicates.During the redward evolution, FG Sge became unstable against radial pul-sation, thus the pulsational properties also provide useful information on thechanges in the surface physical parameters. In a detailed study, van Genderen& Gautschy (1995) reconstructed the evolutionary and pulsational history ofFG Sge in order to deduce its physical parameters. Investigating the changesin the pulsational behaviour coincidental with the occurrence of the declineepisodes also help to understand the R CrB phenomenon. The direct obser-vational evidence of chemical evolutionary processes (nucleosynthesis, mixing,dust condensation) and di�erent type of mass loss episodes (planetary nebula,mass ejection connected with the �nal 
ash and with the R CrB behaviour)also give the opportunity to study such phenomena which are closely relatedwith stellar evolution.In this paper we concentrate in four fundamental aspects which are key issuesfor understanding the current status of FG Sge and its planetary nebula. InSection 2 the energy distributions before and after the dimming episode aredescribed. Observations with ISOPHOT, the photometer on board ISO (In-frared Space Observatory) are presented for the �rst time. In Section 3 theproblem of the possible presence of a binary system, instead of a single star,in the centre of the nebula is addressed. Section 4 describes the evolution ofthe pulsation of FG Sge and some features that can be derived from this phe-nomenon. Section 5 describes FG Sge as an R CrB variable, the evolutionaryphase shown by this star since August 1992.2 The energy distribution of FG SgeThe energy distribution of FG Sge has changed according to the spectral typeof the central star. The spectroscopic studies of FG Sge started in 1955 (Herbig& Boyarchuk 1968), at that time the spectral type was close to B4 I. In the lastfour decades, the spectra have been always similar to those of supergiant stars(see Table 1). The luminosity class `I' that appears in all the classi�cations is�ctitious since the actual structure of the star is di�erent from that of a normalsupergiant. Typical masses for F or G supergiants lie in the range 10{13 M�compared with the estimated mass of FG Sge, namely 0.61 M�. The reasonis that the spectral classi�cations are always done by comparing the spectraof FG Sge with a stellar library and the spectral features of the photosphereof supergiant stars are the closest ones to those shown by FG Sge.It is very illustrative to compare the energy distributions of FG Sge before and5



Fig. 2. The energy distribution of FG Sge in 1983.6. Apart from a small discrepancyat longer wavelengths, a purely stellar spectrum �ts quite well the observed energydistribution. See text for details.after the dimming episode that occurred in August{September 1992. All the
uxes shown in Figs. 2 and 3 have been corrected for interstellar absorptionusing a colour excess E(B{V)=0.40. In Fig. 2 we can see the photometricVJHKLMN, 7.80 and 12.50�m observations obtained in June{August 1983,transformed into 
uxes, and plotted against wavelength. The value adopted forV was 9.2, the mean magnitude for FG Sge during the decade prior to 1992, theother data have been taken from Woodward et al. (1993). The observed valuesare represented by crosses and superimposed we have drawn a normalizedKurucz model with Te�=5,500 K and log g�= 1:5. The �t, apart from a smalldiscrepancy at longer wavelengths is remarkable. It is clear that the wholeenergy distribution was completely of stellar origin at that time.In Fig. 3 we show the energy distribution of FG Sge in two di�erent epochsafter the 4-magnitude drop in 1992. In the upper graph the observed 
uxesin UBVRI, obtained at Konkoly Observatory, plus observations in HKLMNand 7.80, 8.70, 9.80, 10.30, 11.60, 12.50 and 18.00�m (Woodward et al. 1993),both sets in the period 2-11 October 1992, i.e. after the dimming episode, areplotted against wavelength. The energy distribution has changed its shape,showing now a hump corresponding to the dust envelope. A Kurucz modelwith Te� =6,000 K and log g�= 1:5 plus a black body with TBB=1,000 K �tsvery nicely the whole spectrum. In the lower graph, BVRI photometry takenby Edward Guinan at Villanova University, JHKL' taken during service time at6



Fig. 3. The energy distribution of FG Sge in 1992.9 (top) and 1996.3 (bottom). Thehump at longer wavelengths corresponds to the emission by a dust shell. See textfor details.Observatorio del Teide (Tenerife, Spain) and ISOPHOT observations at 11.5,25, 60 and 100�m, all sets obtained in March{April 1996, are plotted againstwavelength. In this case a Kurucz model with Te� =5,000 K and log g�= 1:5plus a black body with TBB=700 K �t nicely the observations.The results from the �ts shown in Fig. 3 have to be taken with caution andonly as simple estimates. Neither the wavelength dependence of the internalextinction caused by the dust shell on the stellar light, nor the actual degree ofthis extinction, are known. An additional problem would be the treatment ofthe scatter of stellar light by the dust grains. We have assumed in these �ts agrey internal extinction law superimposed on the interstellar absorption, andhave also neglected any scattering e�ects. On the other hand, the ISOPHOTcalibration is preliminary, so we do not claim that a decrease of �300 K has7



occurred in the temperature of the envelope from 1992 to 1996, neither weclaim that the central star has also decreased its e�ective temperature by1,000 K between the two dates. The shape and relative intensity of the humpat longer wavelengths a�ect not only the temperature of the black body tobe �tted, but also the stellar spectrum which �ts the energy distribution atshorter wavelengths.We can conclude that the temperature of the central star is around 5,500 Kand the temperature of the condensed dust is around 800{1,000 K. Accordingto Woodward et al. (1993) the corresponding mass in the shell, assuming adust temperature of 1,000 K is Mdust'3:3� 10�9M�.3 FG Sge, the central star of the planetary nebula He1-5The unique behaviour of FG Sge also raised the possibility that the observedphenomena might be connected with the evolution of not a single but a binarystar. The IUE observations which aimed at answering the question of whetherFG Sge is really the central star of the surrounding nebula, could not undoubt-edly solve the problem. Although a hot companion could not be revealed, itwas also clear that the detection limit of the observations did not rule outthe possibility of a white dwarf companion (Feibelman & Bruhweiler 1990).However, if there were a hot ionizing source still present inside the nebula,then no intensity changes of the nebular emission lines would be expected tooccur. On the contrary, if FG Sge is the true nucleus of the nebula then thiscannot be in an equilibrium state because the e�ective temperature of thestar dropped below �25,000 K back in the 20s. In this case, according to themodel calculations of Harrington & Marionni (1976) and Tylenda (1980), thecooling of the nebula would result in detectable changes of the nebular lineintensities in a few decades. But neither the accuracy nor the time span of theearlier measurements made the observation of the expected changes possible.The drastic dimming of FG Sge in 1992 gave a good opportunity to obtainrecent measurements of the nebular line intensities separate from the other-wise too bright stellar light. In 1995 Ingemar Lundstr�om (Lundstr�om 1997)obtained some spectra of the nebula with the Nordic Optical Telescope witha slit position similar to that used by Hawley & Miller (1978) in the early70s. In order to compare these new observations with earlier results, Table 2lists all the available nebular line intensity measurements. It can be clearlyseen that there are already obvious changes detected, especially in the [OIII]line intensities. The measured dimming of the �4959 �A and �5007�A linesare even more intense than the model calculations would predict. The declinerate of the [OIII] lines, however, strongly depends on the density of the nebula,consequently, slight changes in the initial conditions of the model calculations8



Table 2. Line intensity changes in the planetary nebula around FG SgeDate 1960 1972{1976 1995Ref. (1) (2) (3)� (�A) line I(�)3727 [O II] 200: 659 � 6873868 [Ne III] 30 20� 424101 H� 384340 H
 35� 564363 [O III] < 44686 HeII < 10 < 34861 H� 100 100 1004959 [O III] 100 69� 71 185007 [O III] 209 � 269 435755 [N II] < 3 noise level5876 HeI 13 14:6548 [N II] 78� 96 1056563 H� 284 � 287 2876584 [N II] 294 � 376 2896717 [S II] 30: 42 226731 [S II] 34 16References: (1) Herbig & Boyarchuk (1968); Harrington & Marionni (1976)(2) Hawley & Miller (1978); Kupo & Leibowitz (1979)(3) Lundstr�om (1997)would possible result in satisfactory agreement. Other inconsistencies betweenthe observed line intensity changes and the model predictions (e.g. the S[II]lines have faded away instead of showing temporal brightening as predictedby the models) also indicate some 
aws in the theoretical understanding ofthe processes or in the model parameters applied.The most important consequence of the detection of intensity changes in thenebular lines is, however, that it clearly shows that FG Sge was the origi-nal ionizing source of the nebula, and as such, its present evolution can beundoubtedly connected with that of a single post-AGB star.9



4 FG Sge, the pulsating starBesides the long-term photometric and spectroscopic changes, FG Sge alsoexhibits brightness 
uctuations on shorter timescales due to pulsation. Notonly the temperature and the radial velocity were shown to be varying duringthe pulsational cycles (Jurcsik & Szabados 1981) but also the depth of theC2 Swan bands which were �rst detected on the spectrum in 1981 (Iijima1996). As the pulsational properties also re
ect the structure and the temporalphysical parameters of the atmosphere, studying the pulsational behaviourmight give an independent means to determine both the direction and thespeed of the evolution. However, the semiregular nature of the pulsation makessuch conclusions somehow uncertain.In the top panel of Fig. 4 all the photoelectric V observations of FG Sge be-tween 1969 and 1992 are plotted. Thanks mostly to the continuous monitoringof Arkhipova and her collaborators (Arkhipova 1994, and references therein),besides the seasonal gaps, the pulsation was well followed during this period.The middle panel shows the mean cycle length observed in each year. Al-though as a result of the irregularities in the light curve, the annual periodscan be only determined with an accuracy of some days, still some kind ofcyclic behaviour (with a timescale of about 4{5 years) in both the amplitudeand the period increase is clearly seen. Due to the large extent of the dilutedatmosphere and also to the mixing processes accompanying the rapid evolu-tion which led to drastic changes in the surface chemical composition duringthe past decades (Langer et al. 1974, Kipper et al. 1995, Gonzalez et al. 1998),there are large uncertainties in estimating even the relative changes of both thetemperature and the luminosity of the star. Therefore, the 
uctuations in theperiod increase might simply re
ect that the redward evolution of the star wasnot strictly steady. The observed 
uctuations in the amplitude, however, alsoraised the possibility that di�erent pulsational modes were simultaneously ex-cited. R CrB, and RY Sgr, the photometrically best studied R CrB stars, bothhave two or more periods 30{60 day long, with stable or varying amplitudes.Linear non-adiabatic radial pulsation analyses of model sequences correspond-ing to the observed evolution of FG Sge (van Genderen & Gautschy 1995) showthat besides the fundamental, many of the lower overtones are also unstablein the temperature domain (5,000{8,000 K) of interest.The redward evolution of the star was, however, so rapid that the timescaleof the changes in the physical parameters of the atmosphere was hardlylonger than that of the pulsation itself. As a result, period changes with somedays/year rate were expected to occur. This, and also the possible variationsin the amplitudes, make it di�cult to reveal di�erent modes. Whereas Jurcsik& Szabados (1989) were able to describe the main characteristics of some seg-ments of the light curve assuming two periods with ratio of about 0.9, they10



failed to �t all the features of the light curve. An alternative explanation of thelight-curve characteristics is that the nonlinearities of the highly non-adiabaticextended atmosphere lead to chaotic behaviour of the pulsation.
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Fig. 4. V light curve (top), yearly average pulsation period of FG Sge from 1969till the onset of the 1992 deep decline (middle) and a trial O{C diagram assuminga linear increase in the period (bottom), all plotted against time.Though it is not known when the R CrB type activity of FG Sge have actuallystarted preceding the �rst decline observed, it is also possible that the dropin both the period and the amplitude of the pulsation in 1991-92 (see Fig. 5)is related to the onset of the R CrB type behaviour. The bottom panel inFig. 4 shows the O�C values of the light maxima calculated by using an11



ephemeris of a linearly increasing 100-day period. It can be seen that the O�Cvalues are commensurable with the period over the whole interval plotted. Thisresult remains unchanged if any other trial period with linear or cubic changesare used. Therefore, we cannot truly decide whether the changes in the lightcurve properties that occurred preceding the 1992 decline were indeed moresigni�cant than any of the other 
uctuations observed earlier.The pulsation model results give rise to even two possible explanations for aperiod drop in the temperature range valid for FG Sge at that time. (Thereare, however, some doubts about the adequacy of linear pulsation modelswhich, moreover, were calculated assuming higher mass values than Bl�ocker &Sch�onberner (1997) derived for FG Sge.) All the di�erent mass and luminositymodel sequences calculated by van Genderen & Gautschy (1995) show a bumpwith a sharp decline at around 6,300 K of the fundamental mode periods. Thusthe drop in the period might be a mere consequence of further slight cooling ofthe star. At even lower temperatures, another signi�cant period increase occurswhich might indicate that the observed period decrease could be related toa switching from the fundamental mode to the also unstable �rst overtone.Unfortunately, because of the uncertainties in both the pulsation model resultsand the temperature determinations, it is not possible at this moment todraw straightforward conclusions from the comparison of the models with theobservations.5 FG Sge, the R CrB variableAlthough some indirect evidence of connection between planetary nebulaeand R CrB stars were already found (faint PN-like halos around some R CrBstars, the H de�cient knots in A30 and A78), the evolutionary state of R CrBstars has not been undoubtedly cleared yet (see Clayton (1996) for details onR CrB type stars). The recent photometric behaviour and the spectroscopiccharacteristics of FG Sge are very similar to those of an R CrB star (see alsoGonzalez et al. 1998). Only the insu�cient H de�ciency in the atmosphereposes some doubt about the present classi�cation as an R CrB variable butthere are other R CrB stars which are not signi�cantly H de�cient, too. Itwas shown that the decline activity of the R CrB stars correlates with theH content of the atmosphere in the sense that the less H de�cient objects arethe most active ones (Jurcsik 1996). According to this empirical relationship,FG Sge was expected to show very frequent decline episodes, and indeed,following the �rst 4-mag deep minimum in the autumn of 1992, no full recoveryof the star ensued; instead, consecutive minima of di�erent depths occurred.The photometric history of the last years was shown in Fig. 1 of Gonzalezet al. (1998) using visual photometric measurements of amateur astronomicalassociations. 12



16

15

14

13

12

11

10

9

V

J.D.  - 2 400 000

2

1

0

U
 -

 B

3

2

1

B
-V

2

1

0

V
-R

47500 48000 48500 49000 49500 50000 50500
3

2

1

V
-I

Fig. 5. Photometric observations of FG Sge plotted against time. Preceding the �rstR CrB type decline in 1992 the photoelectric V observations of Arkhipova (1993,1994), van Genderen (1994) and Jurcsik (1992) are shown. From the onset of the �rstdecline and for all the colour indices only the photoelectric and CCD observationsobtained at Konkoly Observatory are plotted.13



Fig. 6. The �ve frames in the left hand side show, from top to bottom, UBVRI CCDobservations of FG Sge on 30 September, 1994. FG Sge, the rightermost object ofthe two brighter stars, was 17.2, 15.4, 13.0, 11.8 and 10.8 mag faint in the U,B,V,Rand I bands, respectively. The pictures in the right hand side show the same framesafter the point spread function removal of the brighter stars. In these images thefossil emission of the surrounding planetary nebula can be seen.
14



Most of the R CrB stars are also pulsating variables and in some cases (RY Sgr,V854 Cen) the onset of the deep minima seems to be linked to a speci�c phaseof the pulsation. This would consequently mean that the condensation of thedust particles in the ejected material which is responsible for the observeddeclines, has to take place in the vicinity of the atmosphere. Such �ndings thushave major in
uence on the interpretation of the R CrB phenomenon. Becausethe pulsation of FG Sge can be followed easily as the amplitude is large enough,and also because it seems that the decline episodes occur quite frequently,FG Sge can be a very important key object in settling the question of the linkbetween pulsation and decline. Arkhipova (1996) found an ephemeris (P�115day with a slight period decrease) which predicted minima of the pulsationcoinciding with the four deep minima observed between September 1992 andDecember 1995. This ephemeris, however, failed to show such a coincidencefor the subsequent deep minimum in 1996. Moreover, although three cycles ofthe pulsation with periods around 110 days were certainly observed during therecovery phase from the 1992 minimum, afterwards both the timescale and theamplitude of the pulsation seemed to change signi�cantly again. Accordingly,there are some doubts that evidences of a causal link between pulsation anddeclines have been actually observed. We also mention that the very frequentdeclines in V854 Cen make the detection of its pulsation di�cult, so in thatcase there is also some uncertainty about the connected phases of the twotypes of light variations.Another interesting feature of the R CrB-like behaviour of FG Sge is that,according to the multicolour observations of its early decline phases, most,if not all, of these were `blue' type declines (see Fig. 5, and also Arkhipova1996 and Guinan 1998). Although the photometric colours during the declinephase are somewhat uncertain when determined from observations using largeapertures, the small aperture size (5"{10") used at Konkoly Observatory andalso the advantages of the CCD observations and reduction techniques, makethe blueing of the colours during the early phases of the 1992 and 1995 declinesunquestionable. The CCD observations in 1994 were obtained during recoveryphases and during a mid-decline phase to a smaller secondary minimum. To seethe problems of obtaining accurate photometric measurements, in Fig. 6 oneof the CCD UBVRI observations is shown. For each colour the same framesare also shown in the right after the removal of the point spread functions ofthe brighter stars. The planetary nebula surrounding FG Sge became clearlyvisible in these pictures especially in the B,R and I bands. FG Sge had similarbrightness (V=13.0 mag) and colours at the time of this observation as itsoptical companion 8" to the left. The observed changes of the colours duringthe decline phase in R CrB stars are mainly caused by the obscuration and alsothe scatter of the dust particles but intense changes in chromospheric emissionsshould also have important e�ect especially in the early decline phase. Thestatistics of the colours of the declines (see e.g. Cottrell 1998) shows that bothred and blue type declines of the same object are observed, therefore if the15



future declines of FG Sge keep on being blue type ones, this would mean aspecial uniqueness in the R CrB character of FG Sge.Final remarksThere are no doubts that FG Sge is one of the most fascinating stellar objects(if not the most fascinating one!) ever observed. Its history is full of surprises,and has provided valuable clues and contributions to our present knowledge ofthe late stages of stellar evolution. Although the rough scheme of the furtherevolution that FG Sge would have to follow is thought to be known, we thinkthat no one should dare to forecast what the next surprise FG Sge will havein store for those observers who persistently keep an eye on this remarkableobject.AcknowledgementsWe are indebted to Ingemar Lundstr�om for his contribution in obtaining thespectra of the nebula at our request, and providing the recent line intensitiesand also to Ed Guinan for part of the photometric data presented in Section 2.The IAU and LOC grants that made it possible for us to attend the XXIIIrdIAU General Assembly are acknowledged. J.J. would like to thank the supportfrom the Hungarian OTKA grants T-024022 and T-019640. She is also gratefulto L�aszl�o Szabados for his continuous interest and help. B.M. would like toacknowledge the Spanish DGICYT which funded partially this work throughgrant PB94-1275. Part of this work is based on service time observations madewith the Carlos S�anchez telescope of the Observatorio del Teide (Tenerife),operated by the Instituto de Astrof��sica de Canarias.ReferencesAcker, A., 1983, A&AS 54, 293Acker, A., Jaschek, M., & Gleizes, F., 1982, A&AS 48, 363Arkhipova, V.P., 1993, Pis'ma Astron. Zh. 19, 593Arkhipova, V.P., 1994, Pis'ma Astron. Zh. 20, 919Arkhipova, V.P., 1996, Pis'ma Astron. Zh. 22, 828Arkhipova, V.P., & Taranova, O.G., 1990, Pis'ma Astron. Zh. 16, 80816
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