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Voorwoord

Bij deze dank ik iedereen hartelijk, die aan de totstand-
koming van dit proefschrift heeft meegewerkt. Slechts enkelen
kan ik hier met name noemen.

Hans Heintze, wiens fotometer de basis vormt voor dit
proefschrift, leerde mij volharding en aandacht voor het detail.
Kees de Jager heeft mij zeer gestimuleerd in het zoeken naar de
grote lijn. Met Rob van Gent heb ik menig sterrekundig probleem
besproken. Hetzelfde geldt voor Jan Rosenbaun en Ei van der
Zalm, die tesamen met Gé Geyteribeek de spil vormen van de
Utrechtse sterrewacht. Dit trio bepaalde op het Servaesbolwerk
de sfeer, waarin de BedeLbar kon ontstaan. De samenwerking met
het Astrofysisch Instituut te Brussel, m.n. met Jean-Pierre de
Grève was uiterst plezierig en vruchtbaar. Vele studenten waren
betrokken bij het verzamelen van de waarnemingen, m.n. Pieter
Milder en Wil van der Veen. Ton van Alphen, U v a van Bommel,
Guus de Landtsheer en Hans Polet heb ik regelmatig vermoeid met
de niet-sterrekundige problemen. Brert landré was verant-
woordelijk voor de keurige verzorging van een aantal figuren en
Lydia Swart had mijn brieven al getikt eer ik ze bedacht had.

Tot slot dank ik allen, die het niet geloofden en toch hun
mond hielden.



Stellit^en
bij "A Contribution to the Solution of the Algol Paradox"

1. Het vertrouwen in interpretatieprogranma's van lichtkrommen
is vaak te groot,

dit proefschrift, hoofdstuk II.

2. 0-C variatie zegt soms meer over methode dan over periode,
dit proefschrift, hoofdstuk IV.

3. De zwaartekrachtversnelling aan het oppervlak is voor alle
hete Algol kcmponenten gelijk: log g = 4.CH0.1.

dit proefschrift, hoofdstuk VII.

4. Kort-pariodieke Algols bezitten geen stabiele groeischijf.
Kaitchuck, R.H., Honeycutt, R.K., 1982, Pub. Astr. Soc. Pac.,
94, 532.

5. M.b.v. stervlekken kan elke lichtkronme worden verklaard.
Bruns, H., 1881, Monatsber. KHn. Preuss. Akad. V&ssensch.
Berlin, Jan.

6. De helderheid van An sterren i s niet variabel.
Lane, M.C., Lester, J.B., 1980, Ap. J . , 238, 210.

7. De roakro-turbulentiesnelheid in atmosferen van superreuzen
wordt overschat.

De Jager, C , Mulder, P.S., Kbndo, Y., 1984, Astr. Ap., subn.

8. Licht raakt nooit vermoeid.
Chastel, A.A., 1976, Astr. Ap., 53, 67.

9. Stabilisatie van liposcmen d.m.v. vriesdrogen vereist
interaktie van de ingesloten stof met de bilaag.

Van Bonmei, E.M.G., Crannelin, D.J.A., 1984, Int . J . Pharm.,
subtn.

10. Ongeloof i s een vinding van gelovigen.

11. Art.23 lid 6 van de grondwet biedt gelegenheid tot ontduiking
van a r t . l .

12. Vermelding van de kunne in het bevolkingsregister is
irrelevant en een bron van onrecht (Lau (fezirel, 1906-1974).

13. Het nuttigen van xootnsoezen, tompoezen en pompelmoenen is een
vorm van bezigheidstherapie.

Bram de Landtsheer, 2 april 1984
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Samenvatting

Zware sterren zijn een korter leven beschoren dan lichte
sterren. In het midden van deze eeuw vierd echter ontdekt
(Parenago & Massevitch, 1951), dat de lichte, koele, sekondalre
komponent van Algol-achtige dubbelstersystemen verder geëvolueerd
zijn dan hun zwaardere metgezellen. Deze z.g. Algol paradox werd
kwalitatief opgelost door Crawford (1955): de sekondaire
komponent tras oorspronkelijk de zwaarste en heeft in de loop van
de geschiedenis een aanzienlijk deel van zijn massa verloren.

Sindsdien is veel aandacht besteed aan de kwantitatieve
oplossing van dit probleem. Tot dusver met weinig sukses getuige
recente kongressen (Plavec et al., 1980; Köpal & Rahe, 1982).
Juist dat massaverlies staat het antwoord op de vraag: "Waar
komen Algols vandaan?" in de weg. Immers, hoeveel massa is er
dan verloren en hoe is dat gebeurd?

In de afgelopen decennia was er sprake van een ware jacht op
óbservationele bewijzen van massastromen. Doch waarnemingen van
tijdsafhankelijke verschijnselen als massaverlies (c.q. periode-
veranderingen) omvatten slechts een korte tijdspanne, vele orden
van grootte kleiner dan evolutionaire tijdschalen. Veel
belangrijker in dit verband zijn nauwkeurig bepaalde dimensies
van beide komponenten van een dubbelster. De bepalingen van deze
grootheden kunnen echter vertroebeld worden door massastromen.
Het is dus ook van belang kennis te hebben van deze massa-
bewegingen.

Deze problemen worden in dit proefschrift aangevat m.b.v.
het Utrechtse Fotometrische Systeem en de Utrechtse Sterfotometer
ontwikkeld en ontworpen door Dr. J.R.W. Heintze. Daartoe worden
eerst twee veel gebruikte computer programma's die nodig zijn
voor de interpretatie van de met deze apparatuur verkregen licht-
krommen kritisch onderzocht. Vervolgens worden de waarnemingen
verzameld zowel van de relatief ongecompliceerde dubbelster
"YZ Cas om de methodiek te testen, als van het Algol systeem
TV Cas. De bepaling van de massa's en stralen blijkt zeer
betrouwbaar. Bovendien worden snelle variaties in de periode,
die op massastromen kunnen duiden, in TV Cas vastgesteld met een
nieuw ontwikkelde reduktiemethode. Slechts de bepaling van de
effektieve temperatuur is nog wat onzeker. Spektroskoptsche
waarnemingen verkregen met de TUE satelliet leiden echter tot
hetzelfde resultaat. Maar de verwachte observationale bewijzen
voor massabewegingen echter worden niet gevonden. Wel wordt
vastgesteld, dat de atmosferische metaalabundantie van TV Cas
normaal is, terwijl de metaalrijkheid van YZ Cas wordt
gekwantificeerd.
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Deze gegevens tesamen maken de bepaling van het
evolutionaire stadium van deze dubbelsterren mogelijk» YZ Cas,
weer gebruikt als testsysteem, kan inderdaad beschouwd worden als
bestaand uit twee los van elkaar evoluerende sterren. Hst
verschil tussen de interne en de atmosferische metaalabundantie
wordt verklaard in termen van selektieve diffusie van elementen
(e.g. Vauclair & Vauclair, 1982).

Tenslotte wordt voor de eerste maal kwantitatief het begin-
stadium van een Algol afgeleid: "IV Cas bestond oorspronkelijk uit
een component van 3.0 plus een van 2.4 zonsmassa's. Dit
betekent, dat het systeem in de fase van massaoverdracht ongeveer
25% van zijn totale massa met 40% van zijn totale baanimpuls-
moment heeft verloren.



General Introduction

1. Historical Outline

11 , what are Algols?", F.H. Shu asked at the IAU
symposiun on close binaries in Toronto In 1979 (Plavec et al.,
1980). This question was primarily concerned with the
evolutionary side of the problem. From the observational point
of view Algol-like binary systems are rather well understood.

Already in 1782 John Goodricke explained the variability of
Algol In terms of an eclipsing binary. Since then many binary
systems have been discovered showing a similar light curve: a
deep primary minimum, maxima of almost constant light, and a very
shallow secondary minimum (see front cover). This morphological
classification was replaced by a more physical classification in
the middle of this century.

The notion that the Roche geometry sets limits to the size
of the components of a binary was first suggested by Kuiper
(1941). This theoretical consideration was ten years later
complemented by the discovery that secondaries (i.e. cool
components) of Algol systems are overluninous for their spectral
type (Parenago & Massevitch, 1951). Hence, the subgiant
secondaries appear to be in an advanced state of evolution, while
their more massive companions are still on the main sequence.
This Algol paradox was qualitatively solved by Crawford (1955):
the originally more massive secondary has lost a substantial
fraction of its mass in the course of evolution. Thus Kbpal
(1955) could classify the Algol-like binary as a semidetached
system: a main sequence primary well within its Roche limit and a
less massive secondary filling up its Roche lobe.

Of course, one cannot assune a priori that every binary
displaying an Algol-like light curve is a semidetached system.
Out of 47 known Algol systems Kopal (1956) counted 18 binaries
(among them TV Cas) with secondaries not reaching their Roche
limit. But his faith in the semidetached picture was not shaken
and he denoted these anomalies as "undersize" subgiants.
However, Kopal determined some of the sizes using the results of
the remarkable double-lined spectra observed by Plaskett in the
beginning of this century. Even today Algols are notorious for
their large luninosity ratio making the secondary spectrun very
hard to observe. With the improvement of (spectroscopie)
observations (Hall, 1974), particularly since the introduction of
Reticon techniques (Fekel et al., 1980) more and more socalled
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undersize subgiants appear to be "simply" filling their Roche
lobe.

So óbservationally Algols seem rather well understood. But
from the evolutionary point of view they are not so
comprehensible. Algols cannot be regarded as just two evolving
single stars. The mass transfer c.q. mass loss problem obscures
their progenitorial state. Indeed this is what Shu was pointing
at in the quotation at the beginning of this introduction.

The suggestion of mass flow revived the observational
interest in Algols (e.g. Kopal & Babe, 1982). But it should be
noted that the observations of time dependent phenomena like mass
loss (c.q. changes of period) only cover a limited time span,
many orders of magnitude smaller than the time scales on which
evolution takes place. Much more important for evolutionary
calculations are therefore precisely known dimensions for each
component of binary systems. However, the very presence of mass
motions may bias the observations. It will be clear that in this
respect knowledge of these mass motions is essential. To tackle
these problems Dr.J.R.W. Heintze designed and developed the
Utrecht Photometric System (UPS) and the Utrecht Stellar
Photometer (Heintze, 1984; De Landtsheer, 1983b). And this
constitutes the starting point of this thesis, a contribution to
the quantitative solution of the Algol paradox.

2. Summary of this Thesis

The near infrared sensitivity of the Utrecht Stellar
Photometer is advantageous in getting more information about
secondaries of Algols. In this wavelength region the light ratio
is smaller than in visual light. Consequently, the secondary
minimum in the light curves will be more pronounced. In order to
retrieve this information complicated interpretation methods are
needed.

In the previous decade several computer codes are developed
to interpret light curves. In Chapter II two well-known and much
used programs of Wood (1971) and of Wilson & Deviimey (1971) are
critically examined. They are powerful tools, but the results
should be used with care.

In Chapter III the UPS is tested on the in principle
straightforward detached binary system YZ Cas. Since the orbital
plane is practically in the line of sight, the secondary eclipse
is total while the primary eclipse is annular. The absolute
dimensions are derived with a very high degree of precision.
Only the determination of the effective temperature of the hot
component needs further confirmation.

In Chapter IV UPS light curves of the Algol TV Cas are
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presented and interpreted. This partially eclipsing system
(primary eclipse is an occultation) shows the typical Algol
characteristics: the secondary fills its Roche Lobe and the
period is variable. The latter phenomenon is established by a
newly developed method for determining instantaneous periods.
The UPS photometry yields reliable absolute dimensions.

Th Chapter V ÏÏJF observations are used to determine some
photospheric parameters of TV Cas and YZ Gas. TV Cas has a
normal metal abundance and did not show evidence for mass motions
at the time of observation. The known metal richness of YZ Gas
was quantitatively estimated on the basis of line strengths. In
addition the continuum data yielded an improved value for the
effective temperature of the hot component which is in good
agreement with the UPS result.

At this point the observational data are ready for the
determination of the evolutionary state of these binaries.
First, in Chapter VI evolutionary model calculations are tested
on YZ Cas. This system can be regarded as consisting of two
single stars. The resulting age is greater than the
synchronisation time scale, which is consistent with the observed
corotation. The difference between the internal and atmospheric
metal contents can be explained in terms of selective element
diffusion (e.g. Vauclair & Vauclair, 1982).

Finally, in Chapter VII the first quantitative deduction of
the initial parameters of an Algol is presented: TV Cas consisted
originally of a 3.0 plus a 2.4 solar masses component. About 25%
of the total mass is lost from the system in the early case B
mass transfer phase (i.e. the loser starts overflowing its Roche
lobe after core hydrogen exhaustion) together with 40% of the
total angular momentum.
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On the Accuracy of Light Ouzve Interpretation Programs

Abstract

Error estimates resulting from light curve interpretations
are often too optimistic, as is shorn with the example of Y2 Cas.

1. Introduction

Elements calculated from photometrically obtained light
curves of eclipsing binaries often show remarkably narrow error
boundaries. As an example of this phenomenon some
interpretations of Kron's observations of the eclipsing binary
YZ Cas are chosen (Kron, 1939 and 1942).

This observational material is generally considered to be
very accurate (the probable error of a single observation is
smaller than 40.01mag) and has been interpreted by several
authors in several ways. The results, compiled in table I,
indeed show very small error estimates (numbers in brackets).
These errors even tempted some authors to speculate about the
nature of the possible disagreement in the elements resulting
from the blue (45Onm) and the red (670nm) light curve.

Table I. The elements of YZ Gas by several authors

Kron'42 Kitamura'65 Grygar'72 Budding'73 Rurutac'78

i B 87.950(60) 88.010(60) 88.05(2) 88.370(40) 88.95(1)
R 88.180(57) 88.220(41) 88.37(2) 88.617(38) 88.47(1)

rl B .14200(59) .14340(41) .1446(1)
R .14430(46) .14320(41) .1449(2)

.14475(16) .1454(3)

.14478(21) .1454(9)

r2

ul

u2

B .07660(18)
R .07560(15)

B .491(38)
R .329(32)

B .45(11)
R .48(11)

.07540(31)

.07620(33)

.65

.36

.75(ass.)

.5(ass.)

.0772(2)

.0754(3)

.544(18)

.35(1)

-

.07732(40)

.07580(42)

.5055(20)

.2822(64)

.3892(1400)

.5432(790)

.0753(16)

.0753(3)

.72(3)

.43(5)

-
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In the next section it will be proved that the errors
published thus far are too optimistic and, consequently, that
speculations about colour dependence of some parameters are
premature.

2. The Rrror Estimates

As au example of light curve interpretation methods the
wall-known computational programs of Wood (1971) and Wilson &
Devinney (1971) are chosen. The calculations are based upon the
following assumptions:
- Mass ratio, q=0.6 (Giannone & Gianuzzi, 1974);
- Effective temperature of the hotter component, T1=9000K (Grygar

et al., 1972);
- Third light is 0 (Kron, 1942);
- The reflection coefficient is 1.0 (Lucy, 1967) and the gravity
darkening coefficient is 0.25 (Von Zeipel, 1924) for both
components and colours, i.e. radiative equilibrium. It should
be noted that these values could be chosen arbitrarily, for
they did not affect the solution.

The progams are in principle able to compute the limb darkening
coefficient of both the hotter, ul, and the cooler component, u2,
simultaneously. In this particular case no solution «as found.
However, for fixed values of u2, ranging from 0.1 to 1.0 the
program of Wood did yield solutions. This way it was possible to
estabish a Teff,u-relation for the cooler component. This
"empirical" relation intersects the theoretical relation based
upon AL-Naimiy (1978, table 1). The intersections produce
coherent values for u2 in the two colours, which were used for
both programs.

The final results are compiled in table II. The two
programs yield practically the same solution, however, the
results for the different colours do not agree. But again the

Table II. The elements of YZ Cas in this investigation

i
rl
r2
T2
ul
u2

red
Wood Wilson

88.49(21)
.1450(10)
.0739(6)
6723(26)
.46(5)
.49

88.29(7)
.1452(5)
.0753(6)
6694(14)
.38(2)
.49

blue
Wood Wilson

88.15(24)
.1433(15)
.0761(10)
6491(29)
.52(9)
.73

88.60(7)
.1423(6)
.0765(8)
6280(10)
.45(3)
.73 with

at Tl=9000K

Al-Naimiy
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errors, calculated by the programs, are surprisingly small and
comparable to the results in table I.

Both programs use the classical least square method to
compute their errors. The differences, however, are due to the
fact that Wood's program multiplies the error in each parameter
with an overall rms error. Evaluating the Wilson & Devinney
solution we noted that an additional iteration after convergence
(i.e. the final solution found, when corrections to be nade on
the input parameters are smaller than the error estimates) showed
results which deviated by a few times the error values. Several
subsequent runs produced solutions which more or less oscillated
around a mean value •without a clear indication of further
convergence. This suggested to average the results of a number
of iterations after convergence. This method yields larger error
estimates in the form of the probable error (p.e.) of the mean.
Table III shows the error computed by the program of Wilson &
Devinney and the p.e. calculated from 10 iterations after
convergence.

Up to this point the influence of the uncertainties in the
assumed fixed input parameters has not been included in the
results. Provoost (1980a) proved, however, for Wxid's program,
that these errors may well cause considerably larger error
estimates in the final solution.

Table III. Error comparison

(error is computed by the program of Wilson & Devinney)
(p.e. is calculated from 10 iterations after convergence)

i
rl
r2
ul
T2

mean

88.34
.1452
.0732
.42
6710

3. Conclusion

error

.07

.0005

.0006

.02
14

p.e.

.14

.0014

.0014

.02
20

mean

88.83
.1439
.0764
.44
6280

error

.07

.0006

.0008
,03
10

p.e.

.30

.0014

.0014

.03
14

To obtain astrophysically meaningful error estimates in
light curve interpretation one should not be satisfied with the
errors which iterative interpretation programs yield so easily.
In general it is advisable to check whether the solution is
stable by the simple procedure of additional runs of the program
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after convergence. At any rate, a check upon the influence of
the uncertainties in the fixed input parameters is necessary.

In the particular case of the light curves of "ÏZ Gas
published by Kron this means that with the new p.e. values of
table III the differences between the red and the blue solution
are for most parameters no longer significant. In other words,
using present day interpretation programs one is not allowed to
attribute any meaning to these differences.
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n.2

The Accuracy of light Curve
Interpretation Programs Revisited

Abstract

It is stressed that poor convergence criteria are often used
in light curve synthesis programs. A large number of iterations
(several tens) is needed to arrive at a definite conclusion about
convergence. The result is usually that of some parameters
little or no knowledge is gained and that the formal error
estimates of all parameters are unrealistically small.

Unfortunately, it is a rather widespread misunderstanding
that an iterative procedure has converged as soon as the
parameter corrections are smaller than the formal errors. This
nay be a necessary but is not a sufficient condition. One can
but truly speak about convergence, when and only when the
solution of the numerical method stays within certain limits
after numerous iterations. These limits do not have to be
smaller than the formal error estimates, as they depend on the
definition of this error. One just needs to recall the
difference in size of the standard deviation and of the probale
error. In a simple way this was demonstrated by De Landtsheer
(1981).

Convergence is harder to achieve when some of the adjustable
parameters are highly correlated. Wilson & Biermarm (1976), and
recently Wilson (1983) suggested that this problem could be
circunwented by separating the most correlated parameters in
different subsets. This method is useful to approach the
vicinity of the solution. Of course, to arrive at the final
solution all parameters about which one wants to gain knowledge
should eventually be left free at the same time.

I applied this procedure to a light curve of the Algol type
binary TV Cas (De Landtsheer, 1983a). The computer code of
Wilson & Devinney (1971) was operated in mode 2 (i.e. for
detached or semidetached binaries). The 6 adjustable parameters
were: inclination i, temperature of the cool component T2, both
surface potentials U)l and w2, mass ratio q, and luminosity of the
primary LI. The text below figure 1 indicates which subsets were
used. Although a rather stable solution seems to be reached
after 150 iterations with different subsets, figure 1 clearly
shows no sign of convergence when all parameters are left free in
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SO 100
N ITERATION

150 200

Bïg.l: The variation of the adjustable parameters after N
iterations of the Wilson & Devinney program. The relative
change is indicated along the ordinate. The following
subsets were used:

subset(s) fixed parameters
-i,T2,wl,(jo2
-q,Ll
-T2,lü2 i,wl,Ll
-q
-ü)2,q i,T2,ü)l,Ll
-i,T2,a)l,ü32,q,Ll -

iterarion number
0-50

50-100

100-150
150-200

one go (viz. after iteration no. 150).

So, in case of parameter correlation even the method of
Wilson & Bierraann breaks down. This obvious result (highly
correlated parameters cannot be resolved by least square methods)
wLll not be noticed by people with limited access to large
computers. Articles based on merely a few runs of iterative
programs should therefore be interpreted with caution. In this
respect a paper by Rafert & Twigg (1980) is illustrative. They
claim definite conclusions on gravity darkening and reflexion,
two effects about which light curves are generally believed to
contain l i t t le information.
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III

YZ Gassiopelae aid the Utrecht Photometric System

Abstract

Four light curves of YZ Gas measured in the Utrecht
Photometric System are presented. Interpretation with the
programs of Wood and Wilson & Deviimey including the latest
photospheric models of Kurucz on the basis of Lacy's recent
spectroscopie data proves that the physical elements are not
dependent on the wavelength of observation. Limb darkening
coefficients of the hot component are only marginally
determinable, While the coefficient of the cool component is not
recoverable. Accounting for the metallic character of the
primary the spectral types (A2IVm+F5V) of the components of
YZ Gas would now be B9.5IVm and F1V. The orbital period of the
system is found to be constant and is described by the updated
ephemeris: Hel.JB=2444632.2685+4,4672234*E.

1. Introduction

In 1980 the Utrecht photometer (Heintze, 1984, De Landtsheer
& Heintze, 1984) came into operation. This photometer is
equipped with the Utrecht Photometric System (UPS). This
photometric system is characterised by three properties:
1) Sensitivity up to the near infrared wavelength region (871nm)
2) Coverage of a wide spectral range (472-87 lnmi)
3) narrow (lOnm) passbands at those parts of the stellar spectrum

which contain few or no lines.
The first property makes it possible to get more information
about the cool components of Algol type systems and was
particularly used in our study on TV Cas (De Landtsheer, 1983a).
The second property enables us to reveal or discard wavelength
dependence of parameters like relative radii. The third property
makes it possible to measure pure continuum values of parameters
(e.g. limb darkening) which would otherwise suffer from line
effects.

In order to exploit these properties of the UPS a binary
system is required of which the components are close to the main
sequence (wavelength independent radii) and are well separated
(minimal gravitational distortion) and which exhibits total
eclipses. Grygar et al. (1972) pointed out that YZ Cas (HD4161,
Sp.type A2mfF5 , sum of the relative radii .22) is one of the
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most suitable systems In this respect. This binary system was
observed by Kron (1939, 1942) at 450 and 670m and since then no
new photometric observations have been published. The intrinsic
simplicity of YZ Gas and the high quality of Kron's light curves
invited quite a few authors to test their interpretation methods
with these data (De Landtsheer, 1981). In view of the
spectroscopie data recently published by Lacy (1981) and the
difficulties In the interpretation of Kron's observations new
photometric measurements were made at the Dutch Observatory in
Ausserbim (Switzerland) in the winter seasons of 1980/81 and
1981/82, 40 years after Kron's work.

2. The Observations

Measurements in four colours (472, 672, 782, and 871nm) of
YZ Gas were bracketed with two measurements of the comparison
star 23 Cas (ÏD4382, Sp. type B8). This sequence took 7 minutes,
which represents a change in orbital phase of the binary system
of about 0.001. The comparison star is very close to the
variable both in apparent distance (differential alrmass is
smaller than 0.005 during measurements) as in spectral type.
Moreover, the UPS filters are virtually monochromatic (Provoost,
1980b) and the observations were made at airmasses smaller than
1.8, so no corrections for differential extinction were applied.
The over 800 observations in each colour are graphically
presented in figure 2.

The phases in this table were computed with the following
ephemeris (standard deviation):

Hel.JD = 2444632.2685(10) + 4.467228(3) * E
This best fit ephemeris was deduced from the UPS data only by the
procedure extensively described in De Landtsheer (1983a). The
phase intervals used in this method are 0.97-0.99 and 0.01-0.03.
The same procedure was applied to Kron's data and yields a period
of 4.46723(4)d. Huffer (1928) deduced from his observations a
period of 4.46718(15)d. So over a time span of more than 50
years the period of YZ Gas seems to be constant. Accepting this
conclusion a much more precise period can be calculated front
Buffer's and our epoch, which are 4624 periods apart:
4.4672234(2) days. This result is in perfect agreement with the
period derived by MdJamara (1950). For future use the ephemeris

Hel.JD - 2444632.2685(10) + 4.4672234(2) * E
is suggested.

Because the scintillation in Ausserbinn can be sometimes
quite large the UPS light curves display a larger scatter (about
4O.025mag) than is expected with a signal to noise ratio of 150
to 200 for each measurement. Within these limits there is no
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Fig.2: The observations of "YZ Gas.

indication of mutual distortion, as is expected in this kind of
binary systems. And the secondary minimum lies at phase 0.5000
within 0.0005 (the same holds for Kron's curves). Therefore the
observations may be combined on both sides of the primary minimum
in order to have more evenly distributed data points in the light
curve. Thus 56 normal points could be computed (figure 3). &ch
normal point is the unweighted mean of all (25 to 30) observed
intensities in phase intervals of 0.05 and, around the minima, in
phase intervals of 0.005. These normal light curves form the
basis for the following analysis.

But first vie compare the UPS observations with Kron's data.
The effective wavelength of Kron's red curve is very close to the
one of the UPS 672nm curve. Kron's blue curve is also rather
near to the UPS 472nm curve. Close inspection reveals that both
UPS light corves have slightly narrower minima than Kron's
curves. Clearly the time resolution of the UPS data must be
better than that of Kron's data. Indeed each of Kron's
observations consists, as he put it, out of "9 deflections on
each star" (total integration time 6-16 minutes): a normal point
in itself. One four-colour observation of YZ Gas (including
comparison star) with the Utrecht photometer takes less than 6
minutes.
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3. Light Curve Analysis

For the interpretation of the light curves the well-known
computer codes of Wood (1971, 1972) and Wilson & Deviimey (1971)
«ere used. In this kind of light curve synthesis programs the
mass ratio q (^n2/ml) is a crucial factor. The use of these
programs is much more relevant now, since Lacy (1981) deduced an
accurate value for q*0.583 from his double-lined spectroscopie
data. To keep up with the latest stellar atmosphere modelling
the photospheric models of Kurucz (1979) were implemented in both
programs. Wood's code was updated according to the Status
Reports 1-10 (Wood, 1973-1978 and Btzel & Wood, 1982).

The metallic line character of the primary of YL Gas had
already been recognized by ELaskett (1926) and «as reestablished
by Olson (1969, 1975). An estimate of its temperature based on
spectral type is therefore rather dubious. Moreover, Lacy's
masses and radii indicate that according to the relations of
Habets & Heintze (1981) the secondary must be a main sequence
star (Teff - 7200K, Sp. type Fl) while the primary lies in the
subgiant zone. For this reason the temperature of the hot
component Tl was treated as an adjustable parameter and T2 was
fixed at 7200K, Further the inclination i, the relative radii rl
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and r2 and the magnitude at quadrature were also treated as
adjustable parameters* As for the minor effect parameters
gravity darkening (g), reflection (w) and limb darkening (u) it
soon turned out that the UPS light curves contain only
information about ul and w2* For trial calculations with extreme
values for the remaining parameters (u2, wl, gl and g2) showed no
effect. This result is readily explained in terms of the simple
geometry of YZ Gas. No distortion of the components means no
gravity darkening; the primary is much brighter than the cool
component so that wl is of no importance; and, finally, it takes
the small secondary more time to cross the disc of the primary
(with the larger surface brightness) than vice versa and one
might say that the time resolution is not sufficient to measure
u2 (unfortunately, there are not enough observations available
yet around secondary minimum to enlarge the number of normal
points in order to improve the time resolution).

Using the program of Wilson & Devinney (operated in mode 2)
it «as possible to reach a satisfactory convergence only when w2
too was excluded from the set of adjustable parameters. (In this
case satisfactory convergence means a stable behaviour of the
solution during tens of iterations as described by De Landtsheer,
1983c.) It should be noted here that Wilson & Devinney treat the
reflection effect bolometrically, while the w's resulting from
Wood's program are monochromatic.

4. Discussion and Absolute Dimensions

The elements resulting from both programs in each colour are
compiled in table IV. Several conclusions may be drawn ftorn this
table. For instance, the two programs yield systematically
slightly different values. Their geometrical approach is
different. But as already noted by Provoost (1980a) this should
be of no importance in the case of wide binaries (i.e. sum of the
relative radii smaller than 0.5). Since the fits of both codes
are of comparable quality (figure 4), this discrepancy is just
Interpreted as scatter in the results.

Another more striking feature in table IV is the very good
agreement of both programs in the red. The 472nm elements are
very similar, but Tl particularly (and closely connected rl)
deviates clearly from the "red mean". In previous investigations
based on Kron's curves a similar disagreement between the red and
the blue results was noticed. It is noteworthy that both
Mezzetti et a 1.(1980) and De Landtsheer (1981) using the programs
of Wood and Wilson & Devinney, find also the largest discrepancy
in the temperature. (In their case different T2's, and closely
connected r2, because they chose to fix Tl.)
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Table IV. Photometric elements of YZ Gas

resulting from the program of Wood (Wo)
and of Wilson & Deviimey (Wi)

(mean3: unweighted mean of the 3 red results of each code)
(mean6: unweighted mean of the 6 red results of both codes)

wl 472 672 782 871nm mean3(sd) mean6(sd)

i Wo 88.00 87.51 87.55 87.73 87.60(7) 87.55(7)
Wt 87.56 87.35 87.40 87.78 87.51(13)

rl Wo .1408 .1456 .1469 .1456 .1460(5) .1477(8)
Wi .1476 .1482 .1507 .1491 .1493(8)

r2Wo .0763 .0773 .0779 .0771 .0774(3) .0781(4)
Wi .0787 .0790 .0795 .0775 .0787(6)

T1W6 10900 10370 10330 10100 10270(85) 10315(70)
Wi 10985 10545 10435 10115 10365(135)

w2 Wo .19(8) .23(9) .13(9) .05(10)

ul Wo .42(9) .44(8) .38(8) .31(8)
Wi .61(9) .48(7) .44(6) .42(6)

.68 .48 .42 .38 Al-Naimiy (1978)

The origin of this problem may be found in Che not yet
perfect atmospheric models. Furthermore of all the UPS
passbands, the 472nm filter will be most polluted by stellar
lines. The metallicity of the primary component of YZ Gas now
takes on a special significance. Unfortunately, Kurucz published
only models for solar abundances and models for metal poor
atmospheres. But the preliminary use of a metal rich model,
which was extrapolated very crudily from Kurucz's photospheric
models indicated the possible convergence of the red and the blue
elements.

This urges us to accept the mean of the 3 rod colours as the
best elements for YZ Gas. The i, rl and r2 differ slightly from
the values used by Lacy. So we recomputed the absolute
dimensions (table V ) . (Changing the adopted value of T2 by 100K
hardly affects the dimensions, Tl, though, would then change by
about 200K.) The temperatures are revised because of our
"inverted" strategy of fixing T2. On the basis of the
calibrations of Habets & Heintze the secondary would now be
classified as FIV and consequently the primary as a B9.5TVm star.
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Table V. Absolute dimensions of YZ Cas

component hot(sd) cool(sd)

radius (solar) 2.60(1) 1.37(1)
mass (solar) 2.32(1) 1.35(1)
log g (cgs) 3.974(3) 4.295(3)
Teff (K) 10300(70) 7200 (adopted)
M(bol) HO.2(1) +3.1(1)

This is several tenths of a spectral class earlier than former
classifications (table VI). The metallic character of the hot
component could «ell be responsible for this difference. We have
circumvented this problem effectively. Within the frame of the
work of Habets & Heintze we find a consistent relation between
the mass, radius and temperature for both components.

The absolute bolometric magnitude of both components was
calculated using again the relations of Habets & Heintze. The
apparent visual magnitude of YZ Gas is according to Cowley et
al.(1969) 5.66mag. Figure 3 shows a depth of the secondary
ndninun in the visual region of about O.lroag. Putting these
results together we find an apparent visual magnitude of 5.76mag
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Table VI. Spectral classification of YZ Cas
by several authors

V« not directly Das

author(s)

Plaskett (1926)
Olson (1969)
Olson (1975)
Abt et al.(1969)
Cowley et al.(1969)
Koch et al.(1970)
Hill et al.(1975)
Mezzetti et al.(1980)
this paper

sea on specix

primary

A2m
A2.1-A3.7m
-
Am
A2IV
A3
A1V-A2
—
B9.5IVm *

UgLctllSJ

seconda

_
-
F5V *
-
-
(F4)

F3-G0*
F1V *

for the primary. Habets & Heintze give a boloraetric correction
of -0.90mag for a B9.5 star. Including metallicity reduces this
value to -0.85mag (Strom, 1966). Thus we arrive at a distance
for YZ Cas of 87+5pc. It should be noted that this distance
determination is very much affected by the uncertainty in the
bolometric correction. For instance, when we use the value
-O.35mag which Code et al.(1976) adopted for this spectral type,
the distance of YZ Gas would be 113pc. This latter value is
curiously close to the 107+1 lpc of lacy (1981), who makes no
mention in his article of applying a bolometric correction.

5. Conclusion

The UPS light curves yield very accurate basic elements
which are not dependent on the wavelength of observation. The
theoretical limb darkening coefficients for the hot component of
YZ Cas by Al-Naimiy (1978) displayed in the bottom line of
table IV are rather well reproduced with Wilson & Devlimey's
code. The ul's resulting from Wood's program also give a
reasonable fit, especially if the 472nm value is disregarded.
Nevertheless, the determination of limb darkening coefficients is
rather poor. For YZ Cas u2 was not recoverable. This is in
contrast to some of the previous investigations (references in De
Landtsheer, 1981), although these are based on Kron's light
curves, which have an even worse time resolution than the UPS
data. While linear limb darkening coefficients are only
marginally determlnable, it is clear that non-linear laws are
still "beyond the reach of present observations" (Grygar et al.,
1972).
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17

TV Cassiopelae In the Utrecht Photometric System

Abstract

Four UPS light curves of TV Cas are presented. An
Instantaneous period analysis of these curves and previously
published data reveals erratic relative period changes of over
10E-6 a year. The secondary ndninun appears to be at phase
0.502. light curve analysis indicates that the cool component
fills its Eoche lobe and Is of spectral type G5-G9IV. Roche lobe
overflow is not sufficient to explain die observed secular
decrease of the period. Other mechanisms may be found in the
chrcmospheric activity of the cool component. This activity is
suggested by the observed small variations in the light curves
with a characteristic period of about a year.

1. Introduction

In 1980 the Utrecht photometer (Heintze, 1984; De Landtsheer
& Heintze, 1984) came into operation. This photometer is
equipped with the narrowband (lOnm) Utrecht Photometric System
(UPS) and is mainly constructed to obtain light curves in the
near Infrared in order to get more information about secondaries
of Algols. IV Gas (HD1486) is the first Algol binary, of which
complete light curves in four colours of the UPS (effective
wavelength: 472, 672, 782 and 871nn) are obtained.

TV Cas has already been observed for a long time.
Photoelectric timings of primary minimum show an O C curve that
indicates a non-constant period (Frieboes-Conde & Herczeg, 1973;
Trenfco & Bakos, 1977; Panchatsaram & Abhyankar, 1981). Walter
(1979b and earlier papers) noticed a long period variation In his
light curves. Also Grauer et al. (1977) and Tremko & Bakos
(1977) found irregularities in their observations.
Unfortunately, all published light curves thus far «ere observed
in the visual and blue spectral regions. In these colours the
light ratio between the two components is large and consequently
the Information about the fainter star is limited. These
circumstances justified a resumption of observing TV Cas.

The UPS light curves presented in this paper were recorded
at the Dutch observatory at Ausserblim (Switzerland) during the
winter seasons of 1980/81 and 1981/82. The three red curves
(figure 5) indeed, show a very clear secondary minimum.
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2. The Observations

The measurements were made differentially with respect to
the comparison star ED +58°24. In die best nights a second
comparison star BD+58*22 was used as «ell. No
deviations of constancy in the light ratio of t
stars «ere found, as is shown in table VII: each daily ratio has
a standard deviation (sd) of about 1%. This is equal to the
expected value, since each individual measurement «as terminated,
«hen a S/N of 150 «as reached.

Measurements «ere made in the sequence C-V-C-V-C This
means that observations of TV Cas, which consist of one
measurement of the variable bracketed with two of the comparison
star in four colours, are spaced with a time interval of about 8
minutes, i.e. phased with an interval of 0.003.

The comparison stars are very close to the variable, both in
apparent distance and in spectral type. Moreover, the UPS
filters are virtually monochromatic (Provoost, 1960b) and the
observations were made at airmasses smaller than 2.2, so no
corrections for differential extinction were applied. The over
1400 observations in each colour are presented in figure 5.
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Table VII. light ratios of the comparison stars
BD 458» 24 / BDH58 22

JD 2444000+

499
510
512
516
627
628
631
636
637
638
912
916
925

472

1.161
1.177
1.177
1.163
1.174
1.170
1.175
1.168
1.156
1.190
1.170
1.170
1.183

672

1.142
1.142
1.139
1.149
1.151
1.156
1.147
1.158
1.126
1.157
1.146
1.156
1.153

782

1.125
1.147
1.132
1.144
1.139
1.144
1.134
1.152
1.121
1.129
1.136
1.148
1.154

87 Iran

1.099
1.116
1.097
1.115
1.114
1.112
1.095
1.097
1.101
1.127
1.108
1.120
1.116

mean 1.172 1.148 1.139 1.109
sd .009 .009 .010 .010

3. The Time of Minimum

In the course of time several methods have been developed to
calculate the time of a rainimun (e.g. Duerbeck, 1975). All
methods yield slightly different values: an obvious result, since
only a limited number of data points is available in each
minimum. Moreover, the error in the timing is hard to determine.
The latter problem Is solved by comparing independent
measurements of the same minimum, for instance by taking those
obtained in several colours. Concerning the first problem one
has to keep in mind that the exact shape of the light curve
around minimum is not known. So a representation is needed,
which involves as few assumptions as possible. To this purpose
an approximating cubic spline function is very suitable.

In this paper the time of primary minimum is computed as
indicated in De Landtsheer (1982): a spline is drawn through the
branch with the largest number of observations, the other branch
is folded on the trial time and the distances of the folded
pints to the spline are calculated. The time is chosen which
yields die smallest sun of absolute values of the deviations, in
the tine direction, from the spline.

This procedure is similar to the approach of Kwee &
Van Woerden (1956). But since the observations are folded in the
time direction, we look for deviations in the time direction
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rather than in the magnitude direction. Since we are in search
of the narrowest band, we sum absolute values rather than
squares.

Not every observation can be used. Points in the bottom and
the shoulders of the minimum when folded, do not add meaningful
information about the time of minimum. In the case of TV Cas
only points in the phase intervals 0.925-0.990 and 0.010-0.075
were used. The final timing is the mean value of four separate
determinations made in four different colourbands. Of course
this can only be done if we assume the time of minimum
independent of wavelength. This assumption based on the results
of the UPS timings appears to be reasonable and it also agrees
with the conclusion of Grauer et al. (1977).

This "folding method", which is in principle a midpoint
method, may be applied to all selected points in one go. But of
course they can be first divided into several subsets. Thus
information is gained about a possible asymmetry of the minimum,
or, if no systematic trend is found, about the accuracy of the
determination. The UPS data of TV Cas presented no evidence for
asymmetry. This is demonstrated in table VIII: the primary
minimum of JD 2444912 is divided in 7 subsets denoted by the
phase interval from which die data points are selected. The
results in the four colourbands do not show any indication of
asymmetry.

All published photoelectric timings of minima are compiled
in table K . The ephemeris of Margrave (1980)
2441595.3582+1.8125944*E was used to calculate the O-C's. Some
of the minima deviate more from the general trend than others.
So it seems worth While to recompute the timings with the folding
method in order to get a homogeneous set. Unfortunately, the
original data of the timings are only seldom published.
Moreover, a cubic spline needs a minimum of 5 data points, so
only a few timings could be recalculated. The revised values

Table VTII. Time of primary minimum of
JD 2444912.0000 in 7 subsets

phase 472 672 782 871nm

.010-.045 .4083 .4087 .4090 .4083

.015-.050 .4084 .4087 .4091 .4082

.020-.055 .4083 .4090 .4094 .4088

.025-.060 .4082 .4089 .4093 .4093

.030-.065 .4082 .4086 .4089 .4100

.035-.070 .4079 .4087 .4088 .4108

.O4O-.O75 .4075 .4092 .4083 .4104
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Table IX. Photoelectric times of minima of TV Cas
< •

ephaneris: 2441595.3582+1.8125944*E
sd: standard deviation resulting from the folding method

reference

Huffer & Kbpal (1951)
Tchudovichev (1958)
Huffer & Kopal (1951)
idem
Chou (1959)
Lavrov (1966)
Kristenson (1966)
Lavrov (1966)
idem
idem
idem
Pohl & RLzilinnak (1970)
idem
Bakos & Trennko (1973)
idem
idem
idem
Popovici (1968), Pohl (1970)
Walter (1979a)
Pohl & Kizilirmak (1970)
Popovici (1970)
Walter (1979a)
revised In this paper
Pohl & Kizilirmak (1972)
Grauer et al.(1977)
idem
Walter (1979a)
Papousek (1974)
Walter (1979a)
Papousek (1974)
idem
Grauer et al.(1977)
Scarfe & Barlow (1978)
Walter (1979a)
Tremko & Bakos (1977)
revised In this paper
Tremko & Bakos (1977)
revised in this paper
Tremko & Bakos (1977)
revised In this paper

Hel.JD (sd)

2432827.7665
3181.2282
3184.8515
3213.8516
6483.8091
8472.2386
8733.2560
8791.2585
8829.3230
8840.1985
9389.4182

2440056.4558
105.3969
154.3360
183.3372
194.2127
201.4632
203.2768
442.5406
493.2930
502.3569
859,4403
859.4399(4)
899.3175
948.2560
986.3210
1207.4605
1575.4190
1593.5455
1595.3582
1604.4213
1749.4291
1919.8125
1981.4405
1990.5030
1990.5032(8)
1992.3150
1992.3172(8)
2019.5040
2019.5031(8)

E

-4837.0
-4642.0
-4640.0
-4624.0
-2820.0
-1723.0
-1579.0
-1547.0
-1526.0
-1520.0
-1217.0
-849.0
-822.0
-795.0
-779.0
-773.0
-769.0
-768.0
-636.0
-608.0
-603.0
-406.0
-406.0
-384.0
-357.0
-336.0
-214.0
-11.0
-1.0
0.0
5.0
85.0
179.0
213.0
218.0
218.0
219.0
219.0
234.0
234.0

0-C

-.0726
-.0668
-.0687
-.0701
-.0329
-.0194
-.0156
-.0162
-.0161
-.0162
-.0126
-.0098
-.0087
-.0097
-.0100
-.0100
-.0099
-.0089
-.0076
-.0078
-.0069
-.0046
-.0050
-.0045
-.0060
-.0055
-.0025
-.0007
-.0001
+.0000
+.0001
+.0004
-.0001
-.0003
-.0008
-.0006
-.0014
+.0008
-.0013
-.0022
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Table IX. Continued

Hel.JD (sd)

2442289.5820
2320.3969
2590.4729
2659.3513
2775.3610
2775.3568(8)
3016.424
3063.5574
3090.7470
3130.6237
3442.3897
3786.7841
3795.8481
4094.9264
4114.8657
4602.4537(3)
4603.3642(10)
4843.5296(3)
4849.8426
4879.7816
4910.5965(3)
4912.4089(3)
4990.3503(5)

E

383.0
400.0
549.0
587.0
651.0
651.0
784.0
810.0
825.0
847.0
1019.0
1209.0
1214.0
1379.0
1390.0
1659.0
1659.5
1792.0
1801.0
1812.0
1829.0
1830.0
1873.0

0-C

+.0001
+.0009
+.0004
+.0002
+.0036
-.0004
-.0082
-.0023
-.0016
-.0020
-.0022
-.0007
+.0003
+.0005
+.0013
+.0014
+.0056
+.0022
+.0019
+.0023
+.0031
+.0029
+.0028

reference

PÓhl & Kizilirmak (1975)
Walter (1979a)
Pohl & Kizilinnak (1976)
idem
Tremko & Bakos (1977)
revised in this paper
Pdhl & Kizilinnak (1977)
Grauer et al.(1977)
idem
idem
Ebersberger et al.(1978)
Margrave (1980)
idem
idem
idem
De Landtsheer (1982)
this paper
De landtsheer (1982)
Margrave (1982)
idem
De Landtsheer (1982)
idem
idem

(indicated in table K ) are very close to the original results,
except for JD 2442775. Our timing of this minimum published by
Bakos & Tremko (1977) fits much better in the 0-C curve
(figure 6.A). A division of the minimum in several subsets
reveals the reason: it is not symmetrical.

A photometric minimum will be asymmetrical if a) the
brightness distribution of the stars is not symmetrical to an
axis perpendicular to the orbital plane, or if b) asymmetrically
absorbing or emitting matter is present. In both cases the time
of minimum light will not coincide, in general, with the
geometric minimum. The latter minimum is defined as the moment
when observer and the centers of both components lie in one
plane, also known as the time of conjunction. However, this
geometrical minimum is the one meaningful zero point of phase in
light curve analysis. In order to obtain geometrical timings of
minimum one must either remove the asymmetries or, less
complicated, average them out. For the latter solution the
folding method is very useful. Moreover, the result for JD
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2442775 is self-evident.
It should be noted that the folding method is essentially

less vulnerable to photometric distortions than methods, which
make use of datapoints in the bottom of the minimum (e.g.
Van 't Veer, 1973). The very observations vMch carry most
weight in the time of minimin are least effected by brightness
varations not due to eclipses.

The three red UPS light curves made it possible, for the
first time, to compute a time of secondary minimum (observed
JD 2444603) for this system. The procedure is the same as for
the primary minimum. However, the final timing is of course
based on the determinations in only three colours. The result is
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Fig.6: A: The O-C curve of TV Cas, ephemeris:
2441595.3582+1,8125944*E. B: the period variations of
TV Cas.
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included in table IX. The O-C of this minimum differs greatly
from the other values. This suggests that the secondary minimum
is not exactly in between primary minima. This problem will be
resumed in section 5.

In this analysis visual timings of minimum are omitted.
Bren the yearly means of Mallama (1980), which suggest a high
accuracy, are left out. The scatter of these timings is too
large to add meaningful information about the behaviour of the
period of TV Cas.

4. The Period

4.1. The Method

The O-C curve clearly shows that the period of TV Cas is not
constant. The general trend indicates a continuous decrease.
But the rather large scatter of the points suggests a more
complicated period variation. Indeed irregular changes of both
signs on a short time scale seem to be possible, unfortunately,
period determinations based on O-C's need a rather large time
interval to obtain an acceptable accuracy. The discovery of
relative variations in the period of TV Cas of 10E-6 requires a
time lapse of about 300 cycles, i.e. 18 months! In other words
the O-C curve only presents the smeared out period changes.

To compute a time of minimum the observations of one night
must cover a substantial part of both branches of the minimum.
HDwever, in collecting data for a complete light curve there will
be also nights, which only yield a few points in the branches and
yet contain information about the period. If these observations
could be included in the period determination, a smaller time
interval may suffice and a more or less instantaneous period
could be calculated.

The way to do this is in principle very similar to the above
decribed folding method. First we shift the datapoints with a
trial period, select the points in the necessary phase intervals
(the same as in section 3) and measure the width of one or both
sides of the minimum. The period which yields the narrowest
branches, is the best one. In this case, though, the spline
cannot be used: changing the trial period means changing the
position of all datapoints in the phase domain and a changing
spline fit. Obviously it is meaningless to calculate the
deviations in a continously changing reference frame.

To solve this problem one should keep in mind that to
compute the period just the width of one of the branches of the
minimum is already sufficient, while the form of the minimum is
completely irrelevant. The width can be measured in any point of
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the previously mentioned phase intervals. Of course a point,
i.e. an infinitesimally small box contains at most one data point
and again calculating deviations is senseless. So we have to
enlarge the boxes or rather the strips in the magnitude
direction. Ai obvious choice for the height of the strips is
twice the scatter of the observations. For the UPS light curves
this is approximately O.Ofknag (figure 5). Thus, however, the
branch is represented by a series of discontinuous vertical
lines. This small disadvantage (the sides of the minimum of
TV Cas are very steep) is diminished, if the strips overlap each
other. We chose an overlap of 80%, so that both branches of the
minimum are divided in approximately 80 strips. In each strip
the mean phase of the observations is calculated and the absolute
distances to this mean of all points in the strip (in the phase
direction) are summed up. The period is chosen which yields the
smallest total sun of absolute values of all strips. The final
period is again the average result of the determinations in the
four colours.

It should be noted that this method can be applied to a
dataset in which no time of primary minimum is available, i.e. a
set without nights, in which a substantial part of both branches
is observed. This is not trivial, since the determination of a
period requires a well-defined zero point, which is usually the
time of primary minimum. In our procedure the zero point does
not need to be known very accurately and this is the very reason
why a time of primary minimum can be derived quite easily: from
the available (published) timings one is chosen closest to the
centre of the selected time interval, and with a mean period a
(non-observed) time of minimum is derived right in the middle of
the interval. This artificial zero point is sufficiently
accurate for our method. But its position leads to a minimal
bias due to the weight of the nights, which is an inevitable
consequence of the number of foldings. However, all this is not
very critical.

4.2. Instantaneous Periods

This method is applied both to the UPS data as to three data
sets accessible in publications: Huffer & Kopal (1951), Tremko &
Bakos (1977) and Walter (1979a). Since the first two sets
contain observations in one colourband, averaging is only
possible over the determinations resulting from the two branches.
Walter observed TV Cas in the UBV passbands, so here the results
are means of the three separate determinations. Unfortunately,
the periods based on the two branches of the data of Tremko &
Bakos are very far apart. Probably this effect is also caused by
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asymmetry In the minima a phenomenon already mentioned in section
3. Just In their data this asymmetry, which the authors
themselves mention only in one case, is present. So in the
further analysis they are left out.

The term "instantaneous" period is of course an
overstatement. The time interval has to he sufficiently large to
contain an adequate number of observations. This adequacy
depends on the distribution of the collected data. So every data
set has its own minimal time interval, which depends in its turn
on the selected subset. Thus our results in table X are not
unique in the sense, that a different choice of subsets will
yield another series of periods. However, the discrepancies are
small (within error bars) and the trend remains certainly the
sane.

Also in table X the periods computed by the observers
themselves are given. The most striking feature is the jump
around JD 2442000. Both Walter and Tremko & Bakos noticed a
photometric distortion at that time. Our method reveals this
activity of TV Cas as a period alteration. Particularly in
figure 6.B it is very clear indeed, that the period of TV Cas
changes irregularly with a large amplitude of several times
10E-6.

Table X. The period of TV Cas
in the photoelectric era

interval
JD

2432827-3265
2440423-0877
2440812-1334
2441177-1664
2441593-1994
2441981-2321
2444466-4644
2444822-5028

period(sd)
this paper

1.812616(1)
1.812602(1)
1.812601(4;
1.812598(4)
1.812587(3)
1.812608(7)
1.812598(4)
1.812596(4)

period
observers

1.8126098
1.81260595

1.812601

—

observers
reference

Huffer & Kopal (1951)
Walter (1979a)
idem
idem
idem
idem
this paper
idem

5. The UPS light Curves

5.1. Comparison of the Two Seasons

The light curves of figure 5 are composed with the following
ephemerides (standard deviation):

before JD 2444830: 2444602.4537(3) + 1.812598(4) * E
after JD 2444800: 2444912 4089(3) + 1.812596(4) * E
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The error band In figure 5 of 0.05mag is about twice the expected
value based on the S/N of 150 for the vast majority of the
measurements. Part of it might be due to unstable atmospheric
conditions. Still the good quality of the nights suggests an
intrinsic variation. ftraever, a non-equidistant Fourier analysis
presented by Ferraz-Mello (1981) did not reveal any significant
frequency in the range of 0.01-2.00 (1/d) apart from the
fundamental orbital frequency and higher harmonics.

The next step is the construction of normal points. The
phase is divided in 100 equal parts. In each part the mean
magnitude and phase is computed from the available points. This
is done for both seasons and yields two almost complete normal
light curves. The differences of these curves are plotted in
figure 7. The error bars are the quadratic sura of the yearly
standard deviations.

Of course the position of a data point and hence of the
normal points is sensitive to the used ephemeris. But even when
for both seasons just our first ephemeris is used, the result is
within error bars the same. However, by way of precaution no
meaning should be attached to the position of the single points
in figure 7. Nevertheless a general trend is noticable, even
more clearly the longer the wavelength: during phase 0.0-0.5
TV Cas was brighter in 80/81 than in 81/82 and vice versa during

472wi

672wi

762NH

B71tm

•0.3 -«.I 0,1 o.a

Fig.7: The difference (in mag) between the light curves of
TV Cas obtained in two seasons: 1980/81 minus 1981/82.
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phase 0.5-1.0. The amplitude is approximately 0.02mag and
explains at least partly the error band of figure 5.

Since the effect is clearer in the red curves, the origin
must be attributed to the cool secondary of TV Cas.

5.2. Displacement of the Secondary Minimum

As already mentioned in section 3 the one measurable
secondary minimum of TV Cas is not exactly halfway between
primary minima. To be more specific the primary minimum of JD
2444602 and the secondary of JD 2444603 are 0.9105(13) days
apart, so that the secondary minimum appears to be at phase
0.5023(7). Unfortunately, this is the only minimum of which
substantial parts of both sides are observed. But, like in
section 4, during the collection of our data there were also
nights which yielded only a few points in the branches. And when
the folding method is applied in the phase domain then more
points are available. The result is for both seasons 0.5019(5).

To question the significance of this small shift is
legitimate. Therefore die same procedure was applied to the
primary minimum. This was found at phase -K).0004(5). So the
conclusion is: the secondary minimum of TV Cas is displaced by
about -10.002 relative to phase 0.500.

6. Interpretation

6.1. The Elements

The irregularities described in the previous section are
small. Moreover, they are hardly noticable in the normal points
of the light curves including all observations of both seasons.
So these normal points are used without any correction in the
interpretation program of Wilson & Deviimey (1971). This program
(hereafter WD-progran) is preferable to other computer codes
because of its geometrical treatment, which is well suited for
very close binaries like TV Cas. To keep up with the latest
stellar atmosphere modelling the photospheric models of Kurucz
(1979) are implemented In the WD-program. This applies for stars
hotter than 5500K, for lower temperature models the originally
attached model of Carbon & Gtngerich (1969) are still used.

Since TV Cas is a very close binary (the sum of the relative
radii is approximately 0.6) it is very hard to disentangle the
eclipse and the proximity effects. Therefore no attempt was made
to solve the light curves for the parameters describing gravity
darkening (g), reflection (w) and limb darkening (u). For these
minor effect parameters the usual theoretical values are
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substituted (w and g: Von Zeipel, 1924, Lucy, 1967, and Rucinski,
1969; u: Al-Naimiy, 1978) ,which indeed do not seem to be
contradicted by the observational results of Rafert & Twigg (and
vice versa, 1980). According to Habets & Heintze (1981) an
effective temperature for the hat component (Tl) of 11000K
corresponds to the spectral type B9V as estimated by Hill et al.
(1975). The WD-program adjusts polar temperatures, but because
of the uncertainty in calibrations based on spectral types both
effective and polar temperature are simply referred to as T. Up
to this moment the mass ratio could not be determined
speetroscopically. However, in the near future promising results
of Reticon spectrographs are expected (Tonkin, 1982). This
leaves for the Wl>-program (operated in mode 2) to solve 6
parameters: inclination i, temperature of the cool component T2,
relative radii rl and r2 (the program uses surface potentials (ol
and co2), mass ratio q(=ro2/ml), and the light ratio L1/L2.

Unfortunately, the WD-program did not converge with these 6
parameters in one go. The parameter subset method (i.e.
separating the most correlated parameters in different subsets)
Introduced by Wilson & Biermann (1976) seemed to do well. Indeed
after some iterations the parameter corrections were smaller than
the corresponding probable errors. But as already indicated by
De Landtsheer (1981) this is not a sufficient criteriun for
convergence. A correction may be very small, however, if it
works in the same sense after every run the parameter has not
reached its final value. After several tens of runs, though,
some parameters stabilised. Fixing them on their apparent final
value helped to converge the remaining free parameters. To
estimate the errors of all parameters in correlation it was
decided to have one concluding run with all 6 parameters
adjusted. Regrettably we found ourselves back at the beginning
of this paragraph: a non convergent system (De Landtsheer,
1983c).

, , To avoid this
numerical instability an obvious solution is at hand. The
parameter q (notorious in light curve analysis) is mainly
responsible for the difficulties and should not be left free.
Still it is of course a very interesting quantity, especially
because it completely determines the Roche geometry. A
reasonable estimate of q is obtained when the q is chosen, which
leads to the smallest scatter in the other parameters and the
least sum of residuals. For all colours the best fit was
achieved with q-0.46.

It should be noted that in the mean time the number of
iterations has increased considerably. Firstly because of the
stricter convergence criteriun: stabilisation of all adjusted
parameters visualised in a plot of the parameters against
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iteration number, involving 50 to 100 runs, and secondly because
of the repetition of the process for each q value. So eventually
several hundreds of runs are required.

But another feature pointed towards a still better solution.
For all q values in the range of 0.35-0.55 the WD-program
indicated, that the secondary virtually filled its Koche lobe.
Knowing this we best operate the WD-program in mode 5, the mode
in which the secondary is forced to fill its Roche lobe. In this
mode it turned out to be possible to treat q again as an
adjustable parameter in combination with i, T2, rl and 11/12 (r2
is not adjustable but totally determined by q ) .

The elements are compiled in table XT. The unperturbed
radius r is defined as r=(rpole+-rside+rback)/3. The errors are
estimated in two ways: firstly by averaging the solutions
obtained in the four colours, secondly, since the results depend
on the assumed input parameter Tl, by following the same
procedure with a different (4500K) value for Tl. The size of
both estimates is well comparable. It is gratifying to note that
in this solution q=0.47, virtually equal to the value found
above. This strengthens confidence in the results. The good
quality of the fit is shown in figure 8.

6.2. General Picture

Combining Plaskett's mass function (1922) of 0.128 and our
q=0.47 yields the masses of both components of TV Cas. Using the
appropriate relations of Habets & Heintze (1981) we conclude
that, indeed, the primary (log g = 4.20) lies well within the
main sequence region, while the secondary (log g = 3.76) is
classified as a G5-G9IV (table XI). This is considerably later

Table XL. The dimensions of TV Cas

sd: standard deviation of the mean result in the 4 colours
error: error due to an assumed uncertainty in Tl of 500K

(see also page 66)

photometric sd error absolute

2.2(2) Rl (R solar)
2.5(2) R2 (R solar)
2.8(3) ml (m solar)
1.3(1) m2 (m solar)
B9V Sp.Typel
G5-G9IV Sp.Type2

i
rl
r2
q

Tl
T2

78.4
0.279
0.313
0.47

11000.
5250.

.2

.003

.002

.02

_
70.

.3

.004

.003

.03

500.
40.
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Flg.8: The residuals (in mag) of the observed minus
calculated light curves.

than F7IV as estimated by Olson (1975). HLs result is based on
line profiles and Strümgren photometry. The UPS light curves,
however, allow for a better determination, because the narrow
passbands are centred on the stellar continuum and cover a wide
spectral range. It should be noted also, that in this
investigation the cool conmponent of TV Cas no longer needs to be
an "undersize subgiant" (Kopal, 1956).

Now we are able to construct the general picture of the
system. TV Gas is a semidetached binary with an almost circular
orbit consisting of a virtually spherical main sequence primary
of 2.8 and a subgiant of 1.3 solar masses. The light curves are
distorted by the presence of circumstellar matter due to
chromospheric activity of the secondary corresponding to its late
spectral type and due to Roche lobe overflow. Erratic period
variations exhibit a secular decrease in contrast to the expected
increase.

7. Conclusions

The data deduced In this paper are similar to the results in
previous investigations and are consistent over a wide spectral
range. However, they cannot give a decisive answer concerning
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the origin of the observed period changes.
- Apsidal motion is unlikely, since the small eccentricity (less
than 0.02: in 50 years of observing TV Cas no larger displacement
of the secondary miniimm is reported than 0.006 relative to phase
0.500 (McMarmid, 1924)) forces the O-C's to behave as an almast
perfect sine curve with a small amplitude (less than 0.01 day).
Still the secondary minimum is unmistakably displaced.
- On the basis of the 0-C curve the light-time effect is a
possibility (Frieboes-Conde & Herczeg, 1973). However, the
sudden period changes revealed in this investigation discard this
effect.
- The existence of Roche lobe overflow is very probable.
Accepting the Biermann-Hall model (Biermann & Hall, 1973) it can
account for period changes of both signs, but; rïot for the secular
decrease.

To explain a 600 day periodic variation in his light curves
(we cannot confirm this phenomenon, because our data span a
limited time interval) Walter (1979b) introduced shifting
gasstreams flowing from the subgiant to the polar regions of the
oblique processing primary. This process suggests the existence
of magnetic fields and points again towards chromospheric
activity of the secondary. Unfortunately, it does not account
for the overall period decrease. However, anisotropic mass
ejection as proposed by Van Hanme (1982) could do the job,
because in this mechanism mass can leave the system in an unknown
direction. In fact most non-conservative mass movement
mechanisms may be applicable. There will be, though, no advance
in this field as long as no additional observational information
is available concerning the traces of the ejected matter. At any
rate, Van Hanme actually assumes chroraospheric activity as the
main cause of irregular period variations.

Finally it will be clear that the distinction between Algols
with a chromospherically and photospherically active secondary
and RS CVh-like stars is fading. The Algol TV Cas seems to be an
unfortunate RS CVh star in which the latter phenomena are
eclipsed by the notoriously large light ratio of the first
(Dorren & Guinan, 1980).
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V

IDE Observations of the EbHpsing Binaries TV Cas and YZ Gas

Abstract

Two high resolution IUE spectra of the primaries of the
eclipsing binaries TV Cas and YZ Cas are used to derive iron
group abundances. YZ Cas shows clear raetallicity effects (Fe is
6 times overabundant), while IV Cas does not. The metals In
YZ Cas add up to a Z value of over 0.03. The microturbulent
velocities are 6.5km/s (TV Cas) and 5.8km/s (YZ Cas). The
spectrum of TV Cas does not show indications for the existence of
mass flow. The calibrated low resolution spectnm of YZ Cas
indicates that its Teff is about 10600K, E(B-V) is 0.07, and
distance is 75pc.

1. Introduction

The eclipsing binary systems TV Cas (HD1486) and YZ Cas
(HD4161) have been known for a long time. Sofar they were mainly
observed In the visual. Recently, De Landtsheer (1983a; 1983b)
extended the photometric material to the near Infrared (871nm).
Based on that material a rather consistent picture of both
systems could be formed. However, at least two questions
remained open.

First the metallic line character of the hot component of
YZ Cas lead to confusion about its effective temperature (9000
vs. 10300K, De Landtsheer, 1983b). It is the most uncertain
parameter of the otherwise very well determined system of YZ Cas
(Lacy, 1981; De Landtsheer, 1983b). Mare knowledge about the
metallicity and the contintur. flux should be gained from
ultraviolet observations.

Secondly, no satisfactory explanation could be given for the
sudden changes in the period of the Algol type binary TV Cas.
De Landtsheer (1983a) found evidence for Roche lobe filling of
the cool component and for small luninosity variations suggesting
mass exchange. Ultraviolet observations may permit detection of
circunstellar matter In the form of emission lines or asynmetric
resonance lines.

For these observations the IUE satellite is the obvious
instrument. The required data were collected In October 1982.
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2. The Observations

October 14, 1982 3 large aperture spectra of TV Cas and
YZ Cas were obtained by J.R.W. Hsintze and De Landtsheer at
Vilspa ground station. The image data are suranarized in
table XII. The orbital phases were calculated with the
ephanerides of De Landtsheer (1983a; 1983b).

Table XII. linage data

system im. nr. res J.Date
midexposure

TV Cas 9HP18285 H 2445257.2467
YZ Cas SWP18284 H 2445257.1648
YZ Cas 1MQ4407 L 2445257.1773

exp.time orbital
min phase

75
30
.3

.24
,88
.88

3. Effective Temperature of YZ Cas

The absolute calibration of the low resolution IUE spectrum
enables us to determine the effective temperature of the hot
component of YZ Cas. However, this determination depends on the
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distance of the object. De Landtsheer (1983b) computed a
distance of 87j5pc using a photometrically determined Teff of
10300+70K. The IUE flux reduced to this distance agrees rather
well with Kurucz's solar abundance, Teff=10000K, log g=4 (cgs)
model (figure 9 ) . The long wavelength part though is a bit too
luminous. A better agreement is accomplished with Kiirucz's
(1981) metal rich models (lOx solar metal abundance). Still the
spectrun looks reddened compared to the models.

Although YZ Gas is at a relatively short distance a
correction for interstellar extinction is required.
Unfortunately, there is some ambiguity about the colour of the
star. Qsgen (1963) found B-V=O.05, HUditch & Hill (1975)
b-y=0.036, and Olson (1975) bTpO.020. Heintze (1973) deduced an
intrinsic Br-V of -.07 to -.05 in this spectral type region, and
Code et al. (1976) published values ranging from -.06 to 0.0.
This adds up to an B(B-V) of about 0.04 to 0.12, while Lacy
(1981) derived E(B-V)=-.O34. Again the metallicity of YZ Cas
makes things more complicated. Ignoring the published E(Br*V) we
fitted the IÜE flux to Rurucz's metalrich models by adjusting the
distance and colour excess. With the extinction law of Seaton
(1979) as corrected by Howarth (1983) the IUE flux accommodates
nicely In between the 10000K and 11000K models (figure 10) at a
distance of 75pc and E(B-V)=0.07. Indeed figure 10 shows that
the stellar absorption feature at 240nm is comparably deep In the
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dereddened observations averaged over the same intervals as used
in the models.

It Is rather difficult to estimate the error in these 3
interdependent parameters. A quantitative error can be
determined using a generalized least squares method as presented
by Power & Macdonald (1972). To this end we described the model
flux as a function of the Kurucz's models» distance and color
excess. The observations were matched with the solar abundance
and the lOx solar metal abundance models separately. We also
fitted the models with the roetallicity as an adjustable
parameter. The resulting parameters have small error bars
(table XIII)» however, the parameters are of course highly
correlated. So the following error estimate may be more
realistic. Figure 9 shows a noise in the spectrum of about 0.1
in log flux. This corresponds to a shift in Teff of about 400K,
or a change in color excess of 0.04mag. This estimate is used
for the fit of figure 10, which is included in table XIII. We
stick to the metal rich solution, since the shape of the observed
spectrun near 240, 260, and 280nm resembles more the metal rich
solution than the one with solar abundances. In addition we will
show in section 4 that Fe is overabundant in YZ Cas. Hence, Teff
is definitely higher than the 9000K resulting from visual
spectral classifications (Hill et al., 1975). Moreover,
comparing the absolute bolometric magnitude (based on Teff) with
the absolute visual magnitude (based on distance and E(B-V);
derived as in De Landtsheer, 1983a) yields bolomatrlc corrections
(table XIII) which are close to the results of Habets & Heintze
(1981) only in the high temperature fits. So we adopted
De Landtsheer' s Teff value in the next section.

Table XIII. Teff estimates for YZ Cas
(BC(HH): bol. corr. according to Habets & Heintze, 1981)

dist. Teff E(B-V) soLmetal Mbol tois BC BC(HH)

51+2
61+" 3
73T4
75+10

8900+200
9900+300

1080CFF200

looxmoo

.03+.01

.07+".01

.09T.01

.O7+".O4

lx
(3+2)x
10x
lOx

•W.7
•40.3
-0.1
-0.1

+2.1
+1.6
+1.1
+1.1

-1.4
-1.3
-1 .2
-1,2

- .55
- .77
-1.1
-1.1

4. Abundances and Micro turbulent Velocities

In this analysis we made use of an updated version of the
'Kieler Program', which is essentially an LTE method, extensively
described by Burger (1976). This modified version computes the
abundance (A) for each line of measured equivalent width and with
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known log gf and atomic data. The input atmospheric models were
linearly interpolated models from the grid of Rurucz (1979). We
used for TV Cas the atmospheric parameters Tef£=11000K, leg g=4.2
(cgs) and f or YZ Gas 1O30OK, 4.0 according to De Landtsheer
(1983a; 1983b). The log gf values are from Kurucz & Peytremann
(1975) and the atonic data are from Traving et al. (1966).

First we searched the high resolution spectra for unblended
or "deblendable" lines of medium strength. We tried to match
them with the list of Kurucz & Peytremann. Sane

Table XTV. Line data (log N(H) - 12.00)

TVCas YZ Cas
ion wavel. W(pn) log A ion revel. W(pm) log A

VII

Mnll

Fell

Coll

158.405
197.663
179.166
184.549
185.086
187.305
187.559
189.950
200.272
162.168
163.539
170.205
177.675
178.800
182.387
182.533
191.256
203.156
156.232
183.369

5.9
4.2
3.0
4,3
7.1
7.5
3.8
3.0
3.6
14.3
19.6
22.4
7.1
15.4
3.8
4.4
4.0
3.2
13.0
6.8

4.85
5.89
6.33
6.34
5.62
6.27
5.56
6.09
6.65
5.95
7.14
6.48
7.12
6.24
5.92
6.09
6.64
6.77
5.95
5.93

Fell

Coll

Nill

154.322
156.536
158.600
160.532
162.309
163.539
163.940
165.948
166.236
167.685
168.595
169.920
170.862
170.968
174.682
178.675
179.815
182.387
183.381
184.877
187.684
188.873
197.555
154.669
195.623
171.761
174.155
175.191
178.332
181.207
196.536

25.0
25.1
22.3
28.1
36.0
36.5
34.5
31.1
15.9
23.0
23.4
19.5
24.5
38.4
34.5
28.0
21.8
19.2
11.2
23.6
23.1
27.8
18.6
26.2
20,2
23.4
33.3
38.4
16.8
24.7
16.2

9.10
9.08
8.80
8.88
8.35
8.28
8.49
7.97
8.88
8.07
7.98
8.19
7.93
8.76
8.43
7.85
8.20
8.53
8.56
8.61
8.14
8.23
8.13
8.66
8.27
8.80
7.01
7.40
7.31
8.17
7.38
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misidentifications readily emerged because they yielded
unrealistically large abundances. Notably the lines of neutral
and double ionized elements turned out quite often to be
misidentifications. Considering the temperatures of both stars
we decided to rematch the measured lines with single ionized
states if possible. Thus we found about 50 coincidences in each
spectrum.

Simultaneously we determined the microturbulent velocity
(Vt) by assuming in first order:

log A = a + b Vt
Choosing two values for Vt will yield a point in the a,b-plane
for each line of one ion. A linear regression of these points
yields in its turn log A and Vt. In the case of YZ Cas we found
iteratively Vt=5.8+.7Ws from 23 Fell lines. Ihe other ions
showed boo few lines to gain a meaningful velocity. In the case
of TV Cas the result was less accurate because of the smaller
number of lines per ion. We found Vt=6.5fl.5km/s. Next the
abundances were computed at the respective velocities. The best
represented ion Fell showed a scatter in log A of about 0.3 dex.
The results for other ions were worse (De Landtsheer & Milder,
1983). Since abundances smaller than the solar value cannot
reasonably be discarded, lines were regarded misidentified
yielding abundances 1.2 dex (i.e. about 4 standard deviations)
larger than the smallest value (this is a stricter selection than
in De Landtsheer & Mulder, 1983). We did not consider ions
showing only one line. The about 50 remaining lines are
presented in table XIV. The average abundances are shown in
table XV.

For comparison we added the abundances of normal stars
(Allen, 1973) in table XV. YZ Cas shows clear metallicity
characteristics. The metals in TV Cas are less abundant,
particularly Fe. To examine the effect of Teff on these results
we made some trial calculations with a 9500K model for YZ Cas.
The abundances would reduce by about 0.15 dex, in view of our

Table XV. Abundances of TV and YZ Cas
(log N(H) = 12.00)

ion

V I I
Mtill
F e l l
Coll
Ni l l

TV
n l ines

4
7
9
2
_,

Cas
log A

5.3 +.5
6.1 T.2
6.5 +.2
5.94~
_

YZ
n lines

23
2
5

Cas
log A

—
8.41+.08
8.5 ~
7.5 +.2

Allen (1973)
log A

4.40
5.40
7.60
5.1
6.30
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accuracy a negligible difference, while the overabundance would
not disappear.

5. drcunstellar Matter and TV Cas

The high resolution spectrum of TV Cas does neither show
outspoken emission features, nor resonance line asymmetry. Still
the observed period changes (De Landtsheer, 1983a) of the system
suggest some sort of mass motion. For instance mass loss of the
primary would be visible In extended ultraviolet wings of the
strong resonance lines. Or the red wings could be raised by
gasstreams through the first Lagrangean pint moving
perpendicular to the line of sight. Effects of the secondary
itself are not expected to interfere, because it is much fainter
and cooler than the primary. Comparison with spectra of single
stars should reveal whatever small asymmetry.

In the merged IUE log we found only a few single stars of a
spectral type similar to the one (B9V) of TV Cas. We obtained
high resolution spectra of TT Get and yQeni (spectral type B7V and
AOV respectively) from the Vilspa data bank. Sane resonance
lines are visible in the TV Cas spectrum. Particularly the CII
doublet at 133.5nra is very strong. However, only the SilV
resonance line at 139.376nm seems to show a small asymmetry. The
observed SilV line profiles are shown in figure 11. The TV Cas
profile scarcely differs from the profiles of the comparison
stars. The extent of the ultraviolet wing hardly exceeds
100km/s. One may question the existence of the asymmetry.
Moreover, the related SilV line at 140.277nm is hardly noticable.
We conclude that no signs were found for circunstellar matter in
the system of TV Cas at the time of observation.

6. Conclusions

De Landtsheer (1983a) suggested that some sort of mass
motion within the system is needed to explain the sudden period
changes of TV Cas. We looked for emission features with no
success while the system was at quadrature. However, this does
not rule out the existence of circumstellar matter. First, one
could argue that TV Cas was in a quiet phase in between times of
mass ejection at the time of observation. Secondly, observing
TV Cas during primary eclipse may be more successfull (Plavec &
Dobias, 1982). To settle the issue observations are needed
covering primary eclipses and moments of period change.

The low resolution spectrum of YZ Cas agrees well with a
1060QK metal rich model of Kurucz. De Landtsheer (1983b) arrived
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Fig. 11: The SilV resonance line profile at I39.376rm of
TV Cas and two comparison stars, relative to the local
continua (dashed lines).

at a similar result in M s photometric investigation, although at
that time he had no metalrich models at his disposal. The now
available models suggested a reanalysis of his photometric data.
Using De Landtsheer's light curve interpretation procedures we
fouid the same physical elements for YZ Cas apart from Teff.
Each of the four passbands of the Utrecht Photometric System
(472, 672, 782, and 871nm) yielded a somewhat lower value adding
up to an average of 10200+100K. This temperature remains within
the range of our IUE result. Apparently the Utrecht Photometric
System is capable of yielding reliable Teff estimates.

The metals of the Fe-group in TV Cas are somewhat
overabundant. But the most reliable (largest n) determination
(Fell) indicates underabundance. We have no explanation for this
phenomenon. In YZ Cas the metal overabtmdance is much more
conspicuous. It is hard to estimate the metal contents Z of the
hot component of YZ Cas on the basis of the limited data of
table XV. But if we assume that all elements in the Fe-group
show an increase in abundance similar to our most reliable
determination (vis. Fell), the contribution of the Fe-group to Z
would be comparable to the contribution of C,N,O,Ne (ALlen,
1973). According to Allen (1973) the cosmic value for
Z = 0.017. For YZ Cas the photospheric Z would amount then to
0.025. De Landtsheer & De Grève (1984) reached a best fit with
evolutionary tracks of the components of YZ Cas for the internal
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Z = 0.015. It is questionable, whether any meaning should be
attached to this discrepancy. These values are estimated
independently, however, they also originate from entirely
different parts of the star. Mareover, this metallicity may well
be explained within the framework of element diffusion theory
(Vauclair & Vauclair, 1982).
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VI

The Evolutionary State of the Detached Eclipsing Binary YZ Cas

Abstract

Within the framework of evolutionary model computations the
age and chemical composition of YZ Cas is derived:
age = 4.5EJ yr, X = 0.65 and Z = 0.015, while the photospheric
Z = 0.030. Element diffusion causing the observed metallicity of
the primary is not obstructed by tidal evolution.

1. Introduction

For some years grids of evolutionary tracks of stars with
various chemical composition are available (e.g. Mangel et al.,
1979; Hejlesen, 1980). These tracks make it possible to gain
knowledge about the internal structure of stars with known
absolute dimensions. Detached eclipsing binaries are most useful
in this respect. One system of this group with very well
determined parameters is YZ Gas (HD4161).

The spectroscopie data of lacy (1981) combined with the
photometric investigation of De Landtsheer (1983b) yielded masses
and radii with accuracies of better than 1%. The metallic line
character of the hot component of YZ Gas presented, however, some
difficulty in determining its effective temperature.
De Landtsheer & Milder (1983) tackled this problem by using the
absolute calibration of a low resolution IUE spectrun of YZ Cas.
Tef f is now known with an accuracy of better than 5%.

These precise observational data of YZ Cas should permit us
to establish the age and the chemical composition of the system
and at the same time compare the theoretical evolutionary
sequences of different authors.

2. Observational Data

Lacy (1981) was the first to obtain double lined spectra of
YZ Cas and derived an accurate mass ratio. De Landtsheer (1983b)
observed YZ Cas in 4 narrow passbands of the Utrecht Photometric
System (Heintze, 1984) resulting in very accurate photometric
elements. The effective temperature derived by De Landtsheer &
Milder (1983) is very close to the color temperature which
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Table XVI. Astrophysical data for YZ Gas

component

log Tef f (K)
m( solar)
R(solar)
log L(solar)
log g(cgs)
V synch, (km/s)
V rot.(Ws)
V syst.(Ws)
eccentricity
a (lOBSkm)
distance (pc)
U,V,W ( / )

hot

4.013+.012
2.32+TDl
2.6ÖF.01
1.84T.03
3.973+.003
29.6+71
34+1"

cool

3.857+.003
1.35+TDl
1.37+.01
0.66T.02
4.293+.003
15.6+T1
16+2"

8.14+.06
O.OCKR-.OOl
12.32T.02
75+1CT

reference

De L. + Milder (1983)
De Landtsheer (1983b)
idem

Lacy (1981)
idem
De Landtsheer (1983b)

De L. + Mulder (1983)
this paper

De Landtsheer (1983b) estimated on the basis of his photometry.
So the astrophysical data of YZ Gas are known to a very high
standard of precision. Together with some other useful
quantities they are compiled in table XVI.

3. Age and Chemical Composition

In the case of YZ Cas the masses and radii of both
components are the best determined parameters. When the mass and
radius (or mass and log g) are known the age of a single star can
be determined for a given chemical composition (X,Z or Y,Z),
except for a small fraction of the evolutionary path at the end
of the core hydrogen burning phase. Because the internal
composition of YZ Gas is not known we tried several combinations
of X,Z in the models of Mengel et al.(1979) and Hejlesen (1980).
The results are presented in table XVII.

Thus we find for each component a solution surface in the
X,Z,t-space. Since the initial composition and age must be the
same for both components of the binary we can limit the nuriber of
solutions to the line where the two surfaces meet. This nuriber
can be confined even more by adding in the data of Tef f of both
stars. Assuming linear interpolation is allowed in the
considered subspace we can thus find one solution in a rigorous
least square scheme. Unfortunately, both the models of Mengel et
al. and Hejlesen yieldai a nonphysical solution (negative X,Z and
t) for YZ Cas. Ai understandable result since the solution
surfaces are almost parallel: they only meet far outside our
subspace where linearity is not conserved.
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Table XVII. B/olutionary state of YZ Gas

log age log Teff
model error +.05 error +.01

tfengel et al.(1979) ~ "~
Y Z component hot cool hot cool
.20 .01 8.81 9.15 3.98 3.85
.30 .01 8.66 8.99 4.03 3.90
.40 .01 8.36 8.75 4.01 3.96
.20 .04 8.81 0.0 3.89 3.76
.30 .04 8«56 <0.0 3.95 3.83

Hejlesen (1980)
X Z component hot cool hot cool
.70 .01 8.50 8.90 4.01 3.90
.60 .02 8.36 8.42 4.03 3.92
.70 .02 8.80 8.70 3.98 3.86
.80 .02 8.80 9.20 3.87 3.82
.70 .03 8.80 8.70 3.90 3.85
.70 .04 8.65 8.80 3.93 3.82

As a result it could be concluded that the observations do
not fit in the theoretical models. But it should be taken into
account that the solution surfaces are not infinitesiraally thin
due to observational scatter. Particularly the cool component of
YZ Gas presents seme problems in this respect because of its
position in the H-R diagram. It is very dose to the zero-age
main sequence (ZM3) and consequently the determination of its
age is much affected by small errors in its dimensions. Keeping
this in mind we find for the system's age from the observed Tef f
by simple interpolation in table XVII using the tracks of Mangel
et al.:

log t » 8.8+.1, Y » 0.30K05, Z - 0.010+.005
and using the tracks oF Hejlesen:

log t » 8.5+.1, X - 0.65+.05, Z - 0.015+.005
The agreement between the resuTts derived from the two grids

of models is quite reasonable. ïbwever, in both cases either the
observed Teff of the hot component is too high or the observed
Tef f of the cool component is too low as compared to the
corresponding theoretical values. A possible explanation may be
found in the position of the hot component of YZ Gas in the H-R
diagram. Both series of models indicate that this component is
very near core hydrogen exhaustion. In this part of the
evolutionary track the assignment of one effective temparture to
a star with known mass and radius is not unambiguous.

To verify this in more detail we computed the evolution of
stars with the observed masses and chemical composition X = 0.65
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Fig.12: The evolu-
tionary tracks of the
components of YZ Gas
computed with the
program of De Loore at
al.(1977). Chemical
composition: X = 0.65,
Z = 0.015. The dashed
line is the ZAMS. The
dots correspond to the
models with radius
equal to the observed

as value.

and Z * 0.015 using the computational code of De Loore et
al.(1977). The characteristics of the two components are given
in table XVIII and the tracks are shown in figure 12. It follows
that for the hot component two values for Teff are possible at
the observed radius: log Teff * 4.005 and 4.028, i.e. a
difference of 5% in Teff. (B/en a third solution is possible at
the same location in the H-R diagram as the second one, but with
X(core) and m(conv,core) virtually zero, some 515 years later.)
The observed value (table XVI) fits well in between these two
temperatures, but Teff for the cool component is higher than the
one derived by De Landtsheer (1983b) by dex - 0.03. While
computations with other chemical compositions brought thesevalues
together, the result for the hot component got worse. Since the
hot component is the only one seen we stick to our first choice.
Moreover, the resulting age is in good agreement with the values
based on the grids of Mengel et al. and Ffejlesen. So we conclude
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Table XVIII. Characteristics of YZ Gas
cotnmputed with the program of

De Loore et al.(1977) (X=0.65, Z=0.015)
at observed radius and mass,

solutions for the hot component are given.

component hot 1 hot 2 cool

log age 8.49 8.60 8.70
log Teff 4.005 4.028 3.894
logL(solar) 1.804 1.898 0.802
ra conv.core(solar) 0.224 0.082 0.132
X(core) 0.202 0.002 0.495
log T(core) 7.416 7.516 7.313
log p(core) 1.825 2.187 2.059

for the system YZ Cas:
log t = 8.65+. 10, X = 0.65+.05, Z = 0.015+.005

As an independent check on the system's age we attempted to
find out whether YZ Cas is a member of a known association. From
the precepts of Ifegen (1961) the space velocity vector (U,V,W) of
YZ Cas was calculated using FK4 proper motions (Fricke, 1972) and
the system velocity by lacy (1981). Unfortunately, the resulting
velocity vector (table XVI) did not agree with any of the known
nearby associations (Eggen, 1973).

4. Synchronization and Metallicity

De Landtsheer & Milder (1983) confirmed quantatively the
metallic line character of the hot component of YZ Cas. They
derived an atmospheric Z of 0.03 or more. In the previous
section we arrived at an internal Z of 0.015 or less. In view of
the uncertainties in these estimates there is no cause for alarm.
Moreover, this difference will be enhanced by selective element
diffusion (e.g. Vauclair & Vauclair, 1982). However, this
mechanism puts some constraints unto the dynamics of the system.

Diffusion is destroyed in the presence of large scale
motions in the stellar outer layers. The rotation velocities
(table XVI) observed by Lacy (1981) indicate that the components
of YZ Cas are slow rotators. Moreover, the results in table XVI
clearly show that both stars are nearly in synchronous rotation
with the orbital motion. Hence tidal bulge and shear
instabilities in the atmosphere of the hot component are
unlikely. Numerically the primary seems not yet fully
synchronized. The difference is small, though, and in fact
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corotation is expected. Using the equations of Press et
al.(1975) we oomputed the synchronization timescale for YZ Gas:

log t(synch) a 8.05
Since we found in the previous section that the age of the system
log t = 8.65, YZ Cas is old enough to have synchronization
established. Additionally it should be noticed that the orbital
eccentricity is already zero (De Landtsheer, 1983b), while the
circulariz&tion timescale is much longer than t(synch) (Hut,
1981).

On the other hand the primary should not have been evolved
too far. The resulting oonvective envelope would also stop
diffusion. In this respect YZ Gas is just young enough. Thus
YZ Cas is in a favourable evolutionary state for element
diffusion.

5. Conclusion

The components of YZ Cas are in somewhat unfortunate
psitions in the H-R diagram. The primary is very near hydrogen
core exhaustion causing an unambiguous check on the effective
temperature to be difficult. The secondary is close to the ZAMS
which msans that the exact age is hard to determine. In spite of
these problems we were able to derive an age and chemical
composition within the framework of evolutionary model
computations. Moreover, we arrived at almost the same results
using the grid of models by Mangel et al.(1979) and Hejlesen
(1980), and the computational model of De Loore et al.(1977).
Using the same model grids lacy (1981) found similar values for
log t and Y for YZ Gas. His Z estimate, however, is about twice
as large as ours. We were not able to find the cause of this
discrepancy in his limited communication.

Because element diffusion is not interfered by dynamical
processes in the atmosphere, it could well explain the observed
metallicity of the primary of YZ Gas. Hence, the primary is one
of the hottest stars showing the An phenomenon (Smith, 1974),
while the secondary lies in the Rn region of the H-R diagran
(figure 13). This possible metallic line character of the
secondary is probably the cause of the comparative disagreement
in the temperature resulting from our model and from the
observations.

We conclude with a remark on the further evolution of the
system. The period of 4.467 days implies that the more massive
component will reach its critical radius at R(solar) =7.5. This
will occur roughly 5E7 years after the present state, when the
star has crossed the H-R gap and starts climbing along the
Hayashi-line. In view of the large core hydrogen burning life



57

4.5
logTe

Fig.13: YZ Gas and the chemically peculiar stars in the H-R
diagram, adapted from Vauclair & Vauclair (1982): "Ihe
various kinds of chemically peculiar stars are indicated.
The temperature borders for each group are precisely located
vAiile no effort has been made to account for its. exact
extension In the luminosity. Notation is as follows: Be-d
(Be deficient F stars); He-W (He weak stars); 3He (He weak
stars with anomalous 3tte/4He isotoptc ratio); He-R (He rich
stars). Other names are standard identifications. In the
region between the two dashed limits diffusion processes may
lead to abundance anomalies."

time of the cool component (1.71E9 yr) the latter will have moved
very little on its evolutionary track compared to the present
position.
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vn
Initial Parameters of Algols

Abstract

The determination of Initial masses and period of the Algol
TV Cas is concisely outlined. Thus the appendix is summarized.
B/olving through an early case B mass transfer TV Cas lost 25% of
its total initial mass together with 40% of its total angular
momentum. Tentatively these results are applied to 13 other well
observed Algols yielding a limited range of possible initial
values.

1. Introduction

Since Crawford (1955) explained the Algol paradox (Ch.I)
qualitively, many attempts have been made to find a progenitor of
an Algol system. At first only conservative evolution (i.e.
conservation of total mass and angular momentum) was considered
(Dorananget, 1967), mainly because this is a relatively simple
approach. But soon the more realistic nonconservative evolution
was investigated (Paczinski & Ziolkovski, 1967) involving two
additional parameters: one describing the amount of mass lost
from the system, and the other representing the lost amount of
orbital angular momentun (neglecting rotational angular
momentum). At this point the problem presents itself in full.
While the conservative approach does not adequately describe
reality (Plavec, 1973), the nonconservative method hardly sets
any limits to the number of possible solutions. So several
statistical studies of the Algol problem ware performed (e.g. De
Grève & Vanbeveren, 1980; De Grève, 1980; Giannuzzi, 1981;
GLuricin & Mardirossiari, 1981) in order to find reasonable values
for the mass loss and angular momentun loss parameters.

However, the important question is not how much mass leaves
the system, but in what way is it lost? Once the physical
process is known both the amount of lost matter and angular
mcmentun can be calculated. Two possibilities are:
1) mass loss in a spherically symmetric way from the loser

carrying a moderate amount of angular momentum;
2) mass loss through L2 carrying much more angular momentum.
These processes are more or less opposite extremes. It is
doubtful whether they will act separately in an actual binary (De
Grève et al., 1984: appendix). Most likely a mix of the
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mechanisms will be operating. However, then an extra impeding
parameter would be introduced describing the ratio of the
mixture, which additionally may be time dependent.

Varibeveren et al. (1979) found a mathematical way out of the
problem using the formalism developed by Packet (1977). They
parametrized the angular momentum and mass loss using only two
paraneters. Once the present and initial (i.e. previous to mass
transfer/loss) masses and period are known the evolution of the
semidetached binary can be computed readily. This method was
used in the Brussels Simultaneous Binary Code (De Grève et
al. 1984). The crucial point is now to find an Algol system
allowing for calculation of its "backwards" evolution.

If mass, radius, and chemical composition (or an equivalent
set of parameters) of a single star are known at any moment its
entire evolution can be computed. Detached binaries too do not
present major difficulties in this respect (De Landtsheer & De
Grève, 1984). The very problem of mass transfer/loss in semi-
detached binaries hinders the determination of the initial
dimensions. Only after a socalled inverse evolution analysis the
angular momentum and mass loss parameter can be evaluated, and
the numerical evolutionary calculations can start.

2. Inverse Solution Analysis

Evidently, the first thing needed is an Algol with
dimensions of good quality. Popper (1980) screened an odd dozen
of well observed Algols, and recently De Landtsheer (1983a)
presented accurate dimensions of TV Cas. Although it is
impossible to trace back an unique parental system,
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Pig. 14: Initial masses
solution area of TV Cas.
The dotted lines are in
fact diffuse regions due to
observational scatter.
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straightforward boundaries can be set to possible progenitors:
a) the initial mass of the mass gaining component was smaller

than the observed valve:

m < m
gl g

(g = gainer, i = initial) i.e. vertical dotted line in
figure 14;

b) the mass losing component started out to be heavier than the
gainer in order to win the race towards the Roche limit, in
other words, the initial mass ratio has to be smaller than 1:

q< 1.0
i

c) the initial mass of the loser «as larger than the observed
value; moreover, using condition b) the initial mass must have
been larger than half the sum of the observed values:

m > 0.5(m -hn )
li 1 g

(1 = loser) i.e. horizontal dotted line in figure 14.
This line of reasoning can be followed for every semi-

detached binary. However, if the Algol is in a favourable
position in the H-R diagram, a lower limit on the initial mass
ratio can be added:
d) the loser must be close to the end of its main sequence life;
e) using condition b) and d) the gainer must still be in the main

sequence band.
Condition d) indicates that the loser is not evolved far enough
to allow for possible bifurcation in its evolutionary track (De
Grève, 1982). But more important, condition d) limits the mass
transfer to an early case B (i.e. Roche lobe overflow starts
after core hydrogen exhaustion) or equivalently (De Grève at al.,
1984) to a late case A (i.e. Roche lobe overflow starts during
core hydrogen burning). These cases of mass transfer occur on
time scales several orders of magnitude smaller than main
sequence life times?. Since in this very short period of mass
transfer (Kelvin-tialmholtz time scale) nuclear burning of central
hydrogen is negligible, the internal structure of the gainer will
only be affected by accretion. In other words, two successive
processes are responsable for the present central hydrogen
content (Xcg) of the gainer:
1) the gainer consumes a part of its core hydrogen while the

loser completes its main sequence life time growing towards
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the Roche limits: Xcg decreases;
2) the gainer accretes nonprocessed matter from the loser

resulting in growth of its convective core (Doom & De Grève,
1981): Xcg increases.

The present position of the gainer in the H-R diagram reflects a
distinct Xcg resulting from these two processes. Since these
processes are directly related to the initial masses of the
components, the Xcg derived from observations infers vice versa a
specific initial mass ratio. However, it is only possible to
gain knowledge of process 2) in detailed computations (De Grève
et al. 1984). So just process 1) can be considered in an inverse
evolution analysis resulting in a lower limit on the initial mass
ratio.

The gainer of TV Cas, an Algol meeting conditions d) and e)
(table XX, figure 19) is clearly evolved from the ZAMS (Zero Age
Main Sequence). De Grève et al.(1984) found that this component
has gone at least half-way through core hydrogen burning
indicating that the initial mass ratio is fairly large:

q > 0.7
i

The 4 mass boundaries are illustrated in figure 14 using the data
of TV Cas. Next the initial period will be derived.

Condition d) implies that the radius of the loser at the
onset of mass transfer is approximately equal to the maximum
radius during its core hydrogen burning. Also condition d)
implies that this radius is equal to the Roche radius. Since the
maximum radius of the loser is related to its initial mass and
the Roche geometry is governed by the mass ratio (Kopal, 1954),
it is possible to compute the separation of the components. Thus
the boundaries on the initial masses derived above set limits to
the separation, and consequently, there are limits to the initial
period resulting from Keplerxs third law. Plavec (1968) showed
that this period depends only slightly on the initial mass ratio,
if condition d) is met. Moreover, condition e) limits the
initial mass ratio considerably, so the initial period can be
derived as a function of the initial mass of the loser.

Following the procedure briefly outlined above De Grève et
al.(1984) derived rather narrow boundaries on the initial masses
(figure 14) and consequently on the initial period for the Algol
TV Cas. Iteratively they found that the best choice of initial
values within these boundaries is a 3.0 + 2.4 solar mass binary
with a period of 1.6 days. Thus in the case of TV Cas thé
angular momentun and mass loss parameter are, respectively:

a= 2, 6=1/4 (1)
as defined in (2) and (3).



62

Using these values in the Brussels Simultaneous Binary Gbde they
were able to reproduce the characteristics of TV Cas within the
errors of the observed data.

3. Initial Parameters

Tentatively it is assumed that (1), which De Grève et
al.(1984) derived for TV Cas, is also valid for other Algols.
This assumption is not trivial, since a and $ may well be
functions of the initial parameters. But in a simple survey it
is the only thing to do.

The position of gainers in the H-R diagram is crucial in
this respect. The gainers of the Algols presented by Popper
(1980) are all evolved from the ZfiMS (figure 16). However, since
a close examination of the evolutionary state of gainers is
beyond the scope of this paper, the lower boundary of the mass

0 t 2 3 M 5 6
INITIFIL riflSS GflINERCm

@)

Fig.15: Initial mass and
period boundaries of 3
Algols: RY Aqr (dotted
lines), Algol (full lines),
and U Sge (dashed lines).
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ratio will be relaxed:

q >0.5
i

The fraction of the mass lost by the loser, *Mch Is gained by
the gainer is denoted by:

3 = (m -m )/(m -tn ) (2)
g gi li 1

while a describes the angular momentum loss in (Varibeveren et

Table XEX. Initial parameters of Algols
adopted from Popper (1980)

(m In solar masses, P In days)

binary
cat.nr.

U Sge
HD181182
RYPer
HD17034
RS Vul
HD180939
Algol
HD19356
TTltya
HD97528
RYGan
HD58713
SQnc
HD74307
XYPup
HD67862
AW Peg
HD207956
ÏWDra
HD139319
W And
+32°4756
AS Sri
HD21985
RYAqr
HD203069

observed
P

3.38

6.86

4.48

2.87

6.95

9.30

9.48

13.78

10.62

2.81

4.12

2.66

1.97

m

5.7
1.9
5.
0.8
4.5
1.4
3.7
0.8
2.6
0.7
2.6
0.6
2.4
0.2
2.3
0.3
2.0
0.3
1.7
0.8
1.8
0.4
1.9
0.2
1.3
0.3

initial
P

1.85-3.30

1.06-1.88

2.24-3.98

0.80-1.42

0.33-0.58

2.89-5.15

2.79-4.97

1.37-2.44

1.43-2.55

2.25-4.01

1.20-2.13

0.16-0.29

0.61-1.09

value
tn

4.9-4.1
4.9-6.2
4.2-3.5
4.2-6.9
3.9-3.2
3.9-6.5
3.1-2.6
3.1-5.2
2.0-1.6
2.0-3.3
2.2-1.8
2.2-3.7
2.2-1.9
2.2-3.7
1.9-1.6
1.9-3.2
1.7-1.4
1.7-2.8
1.5-1.3
1.5-2.5
1.5-1.3
1.5-2.5
1.6-1.3
1.6-2.6
1.1-0.9
1.1-1.8
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al.1979):
30*1 3

P/TP = [(m -hn )/(m -ta )] [(m m )/(mm )] (3)
i 1 g 11 gi 11 gi l g

(P = period).
Inserting (1) into (2) the solution area (figure 14) will be
restricted to one line. The resulting boundaries for the initial
masses are rather narrow (lower part of figure 15). Inserting
(1) and (2) in (3) will make clear that the Initial period is
just a function of the initial mass of the gainer (upper part of
figure 15). Thus, the initial period is easily derived. For the
sake of clearity only 3 examples are displayed In the composite
figure 15. This procedure, though, was applied to all 13 Algols
presented by Popper (1980). The results are compiled in
table XIX.

4. Conclusion

Table XIX shows preliminary boundaries on the initial
parameters of 13 well observed Algols. They are narrower the
lower the total mass of the binary. However, the results are
based on 3 questionable assumptions:
1) 3 = 1/4 applies to all Algols;
2) a = 2 (implying case B mass transfer/loss) applies to all

Algols;
3) the present gainer is evolved to such an extent that its

initial mass is at least half the Initial mass of the loser.
It is emphasized that these assumptions are based on the results
for one specific Algol, TV Cas (De Grève et al., 1984). It is
likely that a and (3 are functions of the initial parameters of
the various Algol systems. To check this hypothesis an extensive
research is required based on Algols with precisely determined
and favourable positions in the H-R diagram. On the other hand
assumption 1) and 2) did work nicely for TV Cas. Moreover, it is
generally accepted that Algols are the result of case 8 mass
transfer (Webbink, 1979). Additionally it is noted that one of
the systems in table XIX, AS Eri was studied extensively by
Refsdal et al.(1974). They arrived at practically the same upper
limit for the total initial mass. Eventually, the proof of the
pudding is in the eating: the results of table X K can be tested
in for instance the Brussels Simultaneous Binary Code.
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Appendix

The Initial Parameters of the Semidetached Binary TV Cas

Abstract

Using recently determined parameters of the Algol TV Cas the
origin of the system is discussed, from a conservative as well as
from a nonconservative point of view concerning mass transfer.
Comparison with evolutionary computations points towards an
initial mass of the loser of 3 solar masses evolving through a
nonconservative early case B. The initial mass of the gainer was
2.4 solar masses indicating that 25% of the total Initial mass
together with 40% of the total angular momentum is lost from the
system. This gainer is overluninous with respect to its mass,
but does not attain the observed overluninosity. The age of the
system is 3.24E3 yr.

1. Introduction

Since the Algol paradox was explained qualitively by
Crawford (1955), many attempts have been made to find a
progenitor of an Algol system (e.g. Plavec, 1973). Because of
the complex nature of the involved mass transfer c.q. mass loss
problem this issue is still under investigation (e.g. Plavec et
al., 1980; Kopal & Rahe, 1982). Several authors carried out a
statistical study of the Algol problem (e.g. De Qrève, 1980;
Giuricin & Mardirossian, 1981) but thusfar no original (i.e.
previous to mass transfer/loss) state has been deduced
quantitatively for any actually observed Algol.

Recently De Landtsheer (1983a) presented accurate dimensions
for the typical Algol TV Cas (HD1486). At the same time in
Brussels an evolution code was completed for computing tracks of
both binary components simultaneously. And because of its
favourable position In the H-R diagram TV Cas appears to be a
good candidate for a quantitative deduction of its progenitorial
state. Our present goal is to derive its Initial parameters
fitted to a model describing the mass transfer as wall as the
mass loss from the system.
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2. Absolute Dimensions

De Landtsheer (1983a) based his study of TV Cas mainly on
multicolour photometry in the Utrecht Photometric System
(Heintze, 1984). Using the light curve interpretation program of
Wilson & Devirmey (1971) he found a clear-cut mass ratio. Also
his relative radii and inclination show little dispersion.
Interpreting other light curves of TV Cas Mezzetti et al. (1980)
found similar results. However, they used the less appropriate
code of Wood (1971) (because of its simplified geometrical
treatment (Provoost, 1980a)) and consequently their results are
more diffuse. Results of double-lined spectroscopy are not yet
available.

De Landtsheer (1983a) also derived absolute dimensions for
TV Cas. Adopting the generally accepted hypothesis stating that
hot Algol components are main sequence stars, he computed the
absolute radii using the empirical relations of Habets & Heintze
(1981). However, combining the period, (photometric) mass ratio
and relative radii with the mass function of Plaskett (1922) the
dimensions of TV Cas are completely determined. These modified
results are presented in table XX.

This means that the hot component of TV Cas is slightly
evolved from the main sequence as shown in figure 16. Including
the hot Algol components as screened by Popper (1980, tables 11
and 12) in this figure we notice that log g is virtually
independent of log m and averages log g(cgs) = 4.0+0.1. This
evolved appearance is to be expected since these components are
mass gainers.

Table XX. Contemporary data for TV Cas

component

f(m)
period (days)
inclination
mass ratio
rel. radii
log Teff(K)
m( solar)
R(solar)
log L(solar)
log g(cgs)

hot=gainer cool=loser

0.128+.004
1.812596T.000004

78.4T.2
2.13T.09

.279+.003 ~ .313+.002
4.04+.02 3.72+.01
2.&f3 1.3+7L
2.8+.1 3.£F.1
2.0T.1 .82T.05
3.S9+.08 3.57-K.06

reference

Plaskett (1922)
De Landtsheer (1983a)
idem
idem
idem
idem
idem
this paper
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Fig.16: log g, log m diagram for hot components of Algols;
dashed lines indicate main sequence boundaries according to
Ifabets & Heintze (1981).

3. Determination of Initial fkss Range

3.1. Conservative Mass Transfer

Assuming conservation of total mass and angular momentum
what can we learn about the original system from the present
values for the mass of the loser (=1), the mass of the gainer
(=g) and P? The appropiate equations are:

with

m =(m + m)/Q
11 1 g

Q= 1 +q

(4)

P = P (m m ) / M
ci lg

(5)

with M = (m m )
ligi

with indices i refering to initial, Z^MS values, c to
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conservative case. Inserting the observed values (table XX) of
TV Cas in (4) and (5) yields (accounting for the observational
error):

3O7/Q < m < 4.5/Q solar masses (6)
~ If

48.94/M < P < 148.17/M days (7)

The values of the latter parameters can be compared to the
limiting value of the period PI for the occurrence of a case B
mass transfer. This period is computed according to Plavec
(1968):

I
log P = 1.5 log R - 0.5 log m - 0.9359 - T(q ) (8)

Imax l i i

with T(q ) = 1.5 log r + 0.5 log (1-fq )
i 1 i

For T(qi) the table given by Plavec (1968) is used. Khnax, the
maximun radius of the loser during core hydrogen burning, was
determined from results of evolutionary computations for
different masses with chemical composition X = 0.70, Z = 0.03,
gathered in table XXI.

Figure 17 indicates that the conservative initial period
roughly equals the limiting PI at an initial mass of the loser of
2.1 solar masses, with a corresponding initial mass ratio of
0.95. This is also roughly the smallest possible mass for the
loser (> 2.05 solar masses). Hence, TV Cas is most likely the
result of a case 6 mass transfer. Conservative case A is only
possible in a small range of 2.2 to 2.5 solar masses at periods
of about 1.15 days and with corresponding large mass ratio
(> 0.8). Such a late case A will evolve into case AB with an
outcome comparable to case B (Ziolkowski, 1970). Comments on the
possibility of a nonconservative case A will be given in 3.3.

The maximum possible initial mass is obviously given by the
requirement that the initial mass ratio is larger than 0, or the
initial mass of the loser is less than 4.1 solar masses. So from

Table XXI. Madman radius during core hydrogen burning
RImax at different masses (X = 0.70, Z = 0.03)

m(solar) 1.5 2.0 2.1 2.5 2.7 2.8 3.0 4.0 5.0
R(solar) 2.15 2.81 2.89 3.23 3.40 3.49 3.68 4.51 5.23
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•2.4
Fig.17: Initial period
and mass ratio as a

2.0 function of the initial
P mass of the loser
(d) (abcissa) in the

conservative case of mass
transfer. Dotted line is
the minimum period PI for
case B. The curves are
based on the observed
values of TV Cas
(table XX). Thin lines
indicate the uncertainty
range.

• 16

(4) and (5) we find

(9)

(10)

(the observational error in the total mass is accounted for).
Prom the relation (De Grève, 1980)

1.85 < m < 4.5 solar masses
li

P > 1.22 to 1.14 days

m - m / (9.64457-0.341938 m )
If li li

(11)

where mlf is the final mass of the loser after case B mass
transfer, we find

0.21 < m < 0.55 solar masses (12)

Hence, we derive two conclusions from the last equation and the
foregoing considerations:
a) TV Cas is certainly still far from the end of mass transfer;
b) assuming conservative mass transfer the present

characteristics of TV Cas result from an early case B.
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3.2. Nonconservative Mass Transfer

For the sake of simplicity we will adopt the values of
table XK without uncertainties in the further discussion of
TV Gas. Nevertheless, indications will be given whenever the
uncertainties in the observed dimensions will lead to a range of
possible results.

When mass loss from the system is introduced two additional
quantities have to be determined (Paczynski & Ziolkowski, 1967):
a) the amount of mass accreted by the gainer defined by

3 = Am /Am
8 1

(13)

where 3 denotes the average value over the time spanned by the
mass loss Ami (0 < 3 _< 1);

b) the amount of angular momentum carried away by the lost matter
(details in 4.).

Prom the definition of initial mass ratio the following relation
with 3 results

q = (m -34m ) / m
i g 1 li

Inserting the values of TV Cas we obtain

(14)

0.2 0.4 0.6 0.8

Fig.18: Initial mass
ratio as a function of 3
(abcissa) at different
masses of the loser
(labels at the curves).



(2.&H.3S) / m - 3
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(15)

(which means a range of values if we account for the
observational error). Figure 18 confirms the results of 3.1.:
large mass ratios and large $ can only ba conceived in
combination with small initial masses (i.e. close to the limiting
value) for the loser.

3.3. Internal Structure of the Gainer

Comparing the position of the components in the IHl diagram
with evolutionary tracks (figure 19) we are able to further
restrict the initial mass range. The hot star (= gainer) lies on
the main sequence track of a 3.1 solar mass star; it is over-

0.8

4.0 3.9 3.8
Log Teff

Fig. 19: TV Cas (crosses)
in the H-R diagram and
evolutionary tracks
(labelled with solar
masses); dashed curves
represent Zero Age Main
Sequence and Red B d ffein
Sequence.
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luminous for its present 2.8 solar masses by O.5tnag. Single
stars evolving in the main sequence band are characterized by a
decreasing central hydrogen content (Xc) as a result of nuclear
burning. Hence» their position within the main sequence band
reflects a specific value of Xc (for a given mass). This idea
was applied to the gainer of TV Cas assuming for the moment that
its distance to the ZAMS is directly related to the internal
structure (neglecting the possible rightward evolution resulting
from large accretion rates, Rippenhahn & Msyer-Hofmeister, 1977).
Then its position reflects a central hjdrogen content (by mass)
Xc s 0.40 at the onset of mass transfer. Indeed, accretion of
matter will evidently increase the total mass if the gainer, but
also its convective core mass. As a result nonprocessed hydrogen
will be mixed into the core (Doom & De Grève, 1981). Therefore
the original hydrogen content at the onset of accretion must have
been smaller than 0.40. This indicates that the progenitor has
evolved at least halfway through core hydrogen burning at the
onset of mass transfer. Consequently the initial mass ratio
cannot be small. (If the boundary of 3.1 solar masses for the
gainer (table XX) is adopted, the star will not be overluminous.
However, the conclusion on Xcg remains the same.)

The present position of the loser in the H-R diagram is just
above the main sequence. Its luminosity corresponds to a post
main sequence star of J.4 solar masses. This position again
point towardsa case 8 mass transfer. Nevertheless, we cannot
exclude completely an evolution through a nonconservative case A.
For during case A (and AB) evolution the loser may cross the main
sequence border (Ziolkowski, 1970). But in case A it is hard to
account for and its present off-ZAMS position of the gainer,
unless the initial mass ratio is large and the period is close to
PI. If we assume a case B (or late case A) the age of the system
at the onset of mass transfer t = tl(mli), where tl is the time
scale when the radius of the loser equals RI (Plavec, 1968). In
first order this time scale may be approximated by die main
sequence life time. For a given mass of the loser we are then
able to determine the central hydrogen content (Xcg) of possible
companions at t = tl. Imposing vice versa a predefined Xcg we
can compute the mass of the gainer at t = tl as a function of the
initial mass of the loser. Figure 20 shows the results for
several values of Xcg. These values correspond to a decreasing
amount of accreted matter, hence a reduced growth of the
convective core. As expected the relations express a nearly
linear decrease of Xc with time in the evolution of single stars.
But more important, this figure shows that only a very limited
range of masses for the gainer corresponds to each value of the
initial mass of the loser. B/en if we take into account that the
gainer will rejuvenate as a result of accretion (Doom & De Grève,
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Fig.20: Initial mass of
the gainer at t = tl(tnli)
as a function of the
initial mass of the loser
(abcissa) for predefined
values of the central
hydrogen content of the
gainer (labels); dashed
line is conservative
relation, dotted line is
upper limit of the
Initial mass of the
gainer. The dashed areas
indicate the
uncertainties due to
observational scatter.

1981).
We adopt the values of 0.40 and 0.20 as boundaries for the

value of Xcg at the onset of mass transfer, the upper limit
results from the present position of the gainer In the If-R
diagram and the fact that accretion increases the central
hydrogen content. The lower limit is based on a set of accretion
calculations discussed In more detail In section 6. They show
that the central hydrogen content at most doubles as a result of
core Increase for system with an Initial mass of the loser In the
range of 2.2 to 3.6 solar masses and an initial mass ratio In the
range of 0.7 to 0.9.

Accepting the curves with Xc = 0.20 and Xc = 0.40 as
boundaries (figure 20) we arrive at the following conclusions:
a) In the conservative case the Initial mass of the loser is

situated between 2.1 and 2.3 solar masses (initial mass ratio
between 0.95 and 0.75)

b) for larger masses a nonconservative solution must be envisaged
c) in that case the maximum Initial mass of the loser is

restricted to 3.2 (Xcg = 0.20) or 3.7 solar masses
(Xcg « 0.40).
Summarizing it is noted that, although unit mass ratio is

not in accordance with the present characteristics of the gainer,
only fairly large mass ratios (> 0.7) are conceivable with an
early case B mass transfer. Anong those cases only «mall values
for the mass of the loser yield the conservative solution.
Detailed computations will be discussed in section 5.
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4. Angular Manentum Considerations

The amount of angular momentum carried away by the lost
natter depends on the physical way the matter is leaving the
system. Several modes have been studied by various authors,
since Huang (1963a, 1963b, 1966) investigated the subject
extensively. EaczynskL & Ziolkowski (1967) performed
quantitative calculations on the evolution of systems using ad
hoc values for the parameters describing mass and angular
momentum loss. General studies of some specific modes «ere
presented by GLannuzzi (1981) and GLuricin & Mardirossian (1981).
The first author found indications for a mass loss of 20 to 30%
of the total Initial mass and 60 to 70% of the orbital angular
momentim. Giuricln & Iferdirossian also found a rather large loss
of angular momentum adopting a mass loss of 40 to 80% of the
transferred mass.

Using the definition of total orbital angular momentum

0.5
J = m m (GA/m ) (16)

1 2 t

and Kepler's third law we can describe the relation between the
period and the orbital angular momentun (neglecting rotational
angular momentum) by

3 3 5
P/P = (q /q) (q+l)/(q +1) (J/J ) (m /m ) (17)

i i i i li 1

As argued in section 3 TV Cas is likely to be in the phase of
early case B mass transfer. Limits on the angular momentun ratio
can therefore be obtained by inserting PI into (17). Because the
latter value varies only little with the initial mass of the
loser we adopt PI at 3.0 solar masses for the loser. Moreover,
in view of the argument concerning the hydrogen content of the
gainer we assume an initial mass ratio of 0.80. The resulting FI
is 1.53 days, and thus (17) yields

J/J (m - 3, q = 0.80) < 0.586 (18)
i li i

As the choice of mass and mass ratio corresponds to 3 = 0.24, the
foregoing result means that in this model roughly 80% of the
transferred mass (up to now) has been removed with some 40% of
the original angular momentum. Figure 21 shows the behaviour of
J/Ji as a function of P/Pi. Comparison can now readily be made
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0.8 •

0.0

Hg.21: J/Ji (ordinate) as a function of P/Pi (mil = 3,
qi = 0.80); dashed lines denote the minimum period (left)
for contact on the ZAMS and the minimin period (right) for
case B mass transfer.

with various modes of angular momentum loss as found In the
literature. We consider the following possibilities:
a) Jeans' mode: mass leaving the system spherically sjmnetric

with respect to the gainer

(B-D/B
J/J = (Hq >/(Hq) (q/q ) [(q+6)/(q

i l l 1
or with the foregoing initial values

l/B
(19)

J/J = 0.808
i

P = 0.58 days
i

b) tfess loss through L2 carrying away the local orbital angular
momentim (GLannuzzi, 1981)

2
1.7(l-0)/& 1.7(1-3) /3

J/J = (q /q) [<&*<0/(m )] (20)
i i 1

leading to
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J/J = 0.147 <=> P = 90.63 days
i i

Both cases do not correspond to an early case B. One can of
course mix these two mechanisms with a ratio of the ingredients
chosen such that condition (18) is recovered. The trouble then
is that the new parameter thus introduced cannot be readily
determined from a comparison of the initial and the present state
of the system. Such a comparison is equivalent to a numerical
integration in one step of the equation governing the run of J
with q (or with the masses of the loser and the gainer).
However, evaluation of a mix of these mechanisms shows that the
mix parameter is a function of the actual values of q and 3
during mass transfer. This one-step-integration is possible only
when a different approach is used. This approach was first
outlined by Placket (1977) and requires the following condition
(Vanbeveren et al., 1979)

k k—1 k-1
c [Am /(m -hn )] = II d [Am /(m -hn )] (21)

r l i gi k r i g

where c i s the fraction of the removed angular momentum, coupled
to the fraction of the removed mass (the argument of c ) . The
amount of the removed mass i s given by

k
Am = E Am (22)

r k r

As has been argued by Vanbeveren et al.(1979) no other elementary
function of c fulfils this condition but

a
c [Am /(m -to )] = 1 - [1-Am /(m -hn )] (23)
a r l i gi r l i gi

with ( 0 0 and 0 = c(0) £ c £ c ( l ) = 1. The removed mass is
related to 3 by

Am = (1-Ö Am (24)
r 1

The expression for the variation of the period is then
(Vanbeveren et al., 1979)

3aH 3
P/P - [(m-hn )/(m -»tn )] [(m m )/(mm)] (25)

i 1 g li gi ligi l g
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Inserting the observed values of the masses in (25) and adopting
an Initial mass of the loser of 3.0 and an Initial mass ratio of
0.80 we obtain

log P/P = -0.3558a+ 0.7691
i

(26)

Since we are dealing with an early case B, a ranges from 1.8
to 3.1 (figure 22) for an initial mass of the loser of 3 solar
masses (adopting PI to 2PI as an ad hoc definition of the early
case B interval). Increasing the initial mass of the loser
yields somewhat smaller values for a (a 1.7 for P = PI) while a
decrease of the initial mass results in larger values (s 2.1 for
P = PI). In the neighbourhood of PI the dispersion in a is small
(1.8-1.9) if the initial mass of the loser is larger than 2.5.

2.0

1.6

12

%.8

0.4

1.

1.25

. 1.5

2.

• 3.

i

V S . ~ ~ - - J25.W

(35,28) ~ « . . ^ ^ ^ - - ^ ^

, ^ ~ "
1 2 a 3

Fig.22: B/olution of P/Pi with a (abcissa) for several
combinations of initial mass f o the loser-and the gainer
(labels).

5. Simultaneous Solution Computations

We used a modified version of the Brussels binary code (De
Grève & De Loore, 1976) based on the original single star code of
Paczynski (1970). The program computes the structure of both
components simultaneously. Mass loss through Roche lobe overflow-
is described by a simplified hydrodynanical model (Savonije,
1978). Accretion is treated as by Ripperihahn & Msyer-Hofmeister



78

(1977) and Packet & De Grève (1979), i.e. no effects due to the
impact of the mass stream are considered.

5.1. Conservative B/olution of 2.1 + 2.0 solar masses

Following the arguments presented in section 3 (large mass
ratio, low mass of the loser) we computed the evolution of both
components with 2.1 and 2.0 solar masses. For the initial period
we chose the minimum period in case B: 1.18 days. The
characteristics of the evolution up to the present state are
given in table XXII.A, the evolution tracks are shown in
figure 23 and the mass transfer rate as function of the mass in
figure 24A. The timescale of the mass transfer down to a mass of
the loser of 1.3 is 4.6E7 yr. The average mass loss rate during
that time is S2E-8 solar masses per year, one order of magnitude
below the peak value.

In the H-R diagram the loser is slightly below the observed
position. For the gainer the situation is much worse. At 2.8
solar masses the model is below the corresponding track of a
single star of that mass and hence more than 0.5mag below the
observed luminosity. This is due to the fact that at low
accretion rates the convective core increases lass rapidly with
increasing central hydrogen content than in the case of single
star models with the same mass and Xc: at 2.8 solar masses Xc of
the gainer is 0.13 and the ratio convective core mass to total
mass is 0.069; for a single star of 2.8 solar masses these
numbers are 0.13 and 0.077 respectively. In the H-R diagram the
gainer gradually climbs along the main sequence, not parallel to
the ZAMS, but on average bending slowly towards it as a result of
the increasing Xc. The position of the gainer at 2.8 solar
masses is nevertheless too far away from the Z£MS. Note that the
system is not in the fast phase of mass transfer according to the
mass loss rate curve.

5.2. Nonconservative B/olution

It is stressed that in the following detailed computations
the choice of the initial masses and period implies directly a
specific mass loss (c.q. 3) and angular momentum loss (c.q. a ) .
Two sets of initial parameters were adopted. One is
characterized by an initial mass ratio of 0.67 to allow for a
more or less moderate mass loss from the system (18% of the total
initial mass) and the other by an initial mass ratio of 0.80 to
allow for a lower value of Xcg at the onset of accretion. In
both cases an initial mass of the loser of 3.0 solar masses is
adopted for simplicity (this value fits well within the
uncertainty regions of the possibilities).
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4.1 4.0 3.83.9
Log Teff

Fig.23: Evolutionary tracks of both components of possible
progenitor systems of TV Cas:
a) conservative case 2.1 +2.0 (dotted curves)
b) nonconservative case 3.0 + 2.0 (dashed curves)
c) nonconservative case 3.0 + 2.4 (full curves)
Crosses mark the actual position of TV Cas; models with the
observed mass are indicated with a large dot.
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Fig.24A: Mass loss rate as a function of the initial mass of
the loser (abcissa) for the computed systems 2.1+2.0 (lower
right curve), 3.0+2.0 (dashed curve), 3.0+2.4 (full curve).
Conservative computations of 3.0+2.0 and 4.0+3.2 are shown
for comparison.

In both computations $ and a are kept constant during the
mass transfer. This is an important constraint since no contact
configuration occurred during mass transfer in the present
models. This argument is supported by several models suggested
from observations (U Gep, Kondo et al., 1980; SX Cas, Guinan &
Tomczyck, 1979, De Looire, 1983).

5.2.1. The System 3.0 + 2.0

This choice of initial masses with an initial period of 1.5
days (PI = 1.42 days) implies 3 = 0.47 and a = 1.87. Mass ratio



Table XXLI.A. Conservative evolution of 2.1 + 2.0
-loser gainer-

phase t/B8yr P(d) m m log L log T R m log L log T R Xcracc
ZMS 0.0000 1.18 0.00 2.10 1.282 3.972 1.66 2.00 1.198 3.956 1.62 0.70 0.27
RH© 7.3586 1.18 0.00 2.10 1.386 3.879 2.87 2.00 1.286 3.871 2.65 0.15 0.13
EL0F ( s t a r t ) 7.9508 1.18 5.58E-12 2.10 1.507 3.909 2.87 2.00 1.295 3.865 2.75 0.06 0.12
A nHX 7.9867 1.24 2.44E-7 1.79 1.099 3.815 2.76 2.31 1.605 3.934 2.86 0.09 0.15
L rain 8.3850 1.75 4.30E-9 1.33 0.736 3.701 3.08 2.77 1.829 3.981 2.98 0.14 0.19
m obs 8.4150 1.81 2.81E-8 1.30 0.737 3.698 3.13 2.80 1.849 3.984 3.01 0.13 0.19
Bid of comp. 8.6250 2.96 9.55E-9 0.98 0.842 3.676 3.91 3.06 2.002 4.013 3.14 0.16 0.22

Table XXII.B. Nonconservative evolution of 3.0 + 2.0
Z&IS 0.0000 1.50 0.00 3.00 1.880 4.077 2.04 2.00 1.198 3.956 1.62 0.70 0.27
RB1S 2.9351 1.50 0.00 3.00 2.017 3.984 3.67 2.00 1.252 3.933 1.92 0.52 0.23
RLOF (s ta r t ) 3.2015 1.50 7.44E-11 3.00 2.137 4.000 3.90 2.00 1.255 3.930 1.95 0.50 0.22
A max 3.2086 1.32 2.83E-6 2.60 1.435 3.855 3.38 2.19 1.836 4.028 2.42 0.55 0.30
m obs 3.21% 1.82 5.14E-7 1.30 0.809 3.715 3.14 2.80 1.859 4.053 2.22 0.60 0.44
Bid of conp. 3.2237 2.31 5.O4E-7 1.09 0.832 3.700 3.46 2.90 1.910 4.062 2.26 0.60 0.46

Table XXII.C. Nonconservative evolution of 3.0 + 2.4
ZMS 0.0000 1.60 0.00 3.00 1.880 4.077 2.04 2.40 1.508 4.012 1.79 0.70 0.37
Vims 2.9351 1.60 0.00 3.00 2.017 3.984 3.67 2.40 1.591 3.965 2.44 0.38 0.24
RLOF (start) 3.2220 1.60 2.43E-10 3.00 2.140 3.994 4.02 2.40 1.5% 3.957 2.71 0.34 0.23
A max 3.2288 1.46 2.54E-6 2.60 1.521 3.864 3.58 2.50 1.799 3.995 2.71 0.34 0.26
m obs 3.2391 1.82 6.36E-7 1.31 0.808 3.715 3.14 2.81 1.874 4.018 2.65 0.38 0.30
Bid of comp. 3.2549 6.22 9.26E-8 0.59 1.093 3.669 5.38 2.98 1.952 4.037 2.66 0.41 0.34

ZAMS = Zero ^ e Main Sequence, RB1S = Red Bid Main Sequence, RLOF = Roche Lobe Overflow
T = effective temperature, & in solar masses per year, mcc = mass of the convective core
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and period result in the onset of mass transfer at
t - 3.2015E8 yr, when the central hydrogen content of the gainer
is 0.50. The characteristics of the evolution are given in
table XXII.B, tracks and mass loss versus mass in figures 23 and
24A respectively. At 1.3 solar masses the model of the loser
nearly coincides with the observed position in the H-R diagram.
The gainer is overluminous with respect to its mass, but it does
not attain the observed luminosity; it is too close to the main
sequence. The latter problem is due to the central hydrogen
content, which is 0.50 at the onset of Roche lobe overflow, and
increases to 0.60 by accretion. To lower the value of Xcg a
larger initial mass ratio is needed (at the same initial mass of
the loser).

5.2.2. The System 3.0 + 2.4

With an initial mass ratio of 0.80 Xcg = 0.34 at the onset
of mass transfer. This mass ratio implies 3 = 0.24, and with an
initial period of 1.6 days a = 1.99. Table XXII.C summarises the
evolution; tracks and mass loss rate are shown in figures 23 and
24A.

The track of the loser coincides with the corresponding one
of the 3.0 + 2.0 system. At the observed mass of the loser of
1.3 the hydrogen content of the gainer has increased to only
0.38. In the IHl diagram, however, the gainer is still below the
observed position. The accretion rate is slightly smaller than
in the previous case due to the smaller (3.

6. Effects of Varying Accretion Rates

To investigate the effects of accretion on luminosity (hence
neglecting other possible sources of overluninosity) the
evolution of the gainer is computed for several accretion rates
assuming:
a) The accretion rate is constant. Overluminosity is enhanced

only when the accretion rate Increases. In view of the well
reversed mass ratio we do not expect, though, a severe
increase of the accretion rate (figure 24B).

b) The timescale of accretion (essentially the Kelvin-Helmholtz
timescale) is of the order 1.0E5 years, much smaller than the
nuclear evolution timescale (al.OEB yr). For each specific
series the tiraestep was fixed such as to obtain a reasonable
amount of accreted matter during each step (̂ 2% of the mass of
the gainer).

c) The chemical composition of the accreted matter is the same as
the one in the outer layers of the loser. For both considered
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Fig.24B: Accretion rates
as a function of the mass
of the gainer: 3.04-2.0
(dashad curve), 3.0+-2.4
(full curve).

initial masses of the loser (2.1 and 3.0) the hydrogen content
(by mass) in the outer layers of the loser at the present mass
amounts to 0.7 (Van der Linden, 1982).

The results in table XXIII are retained after a nunber of test
computations; they have the cannon characteristic that the
resulting radius at the mass of the gainer of 2.8 solar masses is
close to the observed value of 2.8 solar radii. Instead of the
liminosity the radius was chosen as the relevant parameter
because its value has been derived from the photometric solution
with high accuracy. The evolution of the radius as a function of
mass is shown in figure 25, and the characteristics of the gainer
at observed mass in table XXIV. We conclude:
a) A radius of the gainer of 2.8 at mass 2.8 may be obtained from

differa\t initial masses and different evolutionary states
(described by Xcg) for accretion rates in the range of 1.0E-7
to 1.0E-6 solar masses per year. For a given mass of the
gainer the accretion rate is very sensitive to the hydrogen
content at the onset of accretion.

b) Although the gainers have the same mass and radius, they

Table XXIII. Parameters of gainers at the onset of accretion
(m,R, and L in solar units)

nr.

1
2
3
4
5
6

m

2.0
2.0
2.0
2.4
2.4

t/E5yr Xc mcc log L log T

4.7171
6.01300
7.3587
2.31321
3.6190

0.41
0.30
0.19
0.47
0.32

0.197
0.170
0.145
0.275
0.221

1.274
1.284
1.288
1.580
1.602

3.914
3.895
3.876
3.979
3.952

2.15
2.37
2.59
2.26
2.62

m/E-5

2.5
1.8
1.0
2.5
0.5

2.4 4.0023 0.26 0.206 1.606 3.943 2.75 0.1
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2.0

Fig.25: Radius as function of the mass of the gainer
(mgi=2.0 and 2.4) at several constant accretion rates
(labels in 1.0E-6 solar masses per year) such that
R(m=2.8>=2.8. The evolution of the radius of the gainer of
the systems 3.0+2.0 and 3.0+2.4 are shown for comparison
(dashed curves).

differ largely both at the outer layers (log L, log Teff) as
internally (ma:, Xc). Only the models of sequence nr.3
(tables XXIII and XXEV) and of an interpolation between nr.4
and nr.5 (corresponding to Xcg = 0.36) agree with the observed
position in the H-R diagram. The accretion rate is 1.0E-6
solar masses per year (0.8E-6 for tha interpolated model).
This rate is not reached in the detailed computations
(figure 24B).

In performing these accretion calculations some knowledge of the



85

Table XXIV. Parameters of gainers
with radius and mass as observed in TV Cas

nr. Xc race log L log T R

1 0.57 0.555 2.273 4.104 2.82
2 0.52 0.465 2.172 4.080 2.81
3 0.41 0.345 2.028 4.042 2.82
4 0.55 0.462 2.234 4.096 2.80
5 0.36 0.298 1.935 4.024 2.77
6 0.26 0.242 1.864 3.998 2.85

in i t i a l mass of the loser i s assumed. The link with this
paraneter (and other system characteristics) can be made since
case B mass transfer is adopted. In this case the onset of
accretion corresponds to tl(mli) (3 .3 . ) . Using evolutionary
computations for stars between 1.2 and 18 solar masses (X = 0.70,
Z = 0.03) the following best f i t was derived

I -0.117
log t = 9.723 m (27)

With the values of t given In table XXIII the Initial mass of the
loser can be calculated. The quantity $ then results from the
initial and observed masses. Furthermore an estimate of the
accretion rate is obtained as follows.

For a given initial mass of the loser the amount of
transferred matter is known. The timescale of the mass transfer
is estimated by (Paczynski, 1971)

2
t = 3.1E7 m /RL years (28)
KH

(m, R, and L in solar units) . The radius i s by our definition of
t equal to Rlmax (table XXI), vrtiereas the luminosity for stars
after core hydrogen burning is derived from (Vansina & De Grève,
1982)

0.8101
log L = 4.0407 (log m) (29)

The average accretion rate i s then given by

<m > = £ An/t (30)
KH KH
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Table XXV. Characteristics of systems
corresponding to the gainers of table XXIII and XXIV

«fi> in 1.0E-6 solar masses per year)

nr. mil qi $

1 2.6 0.77 0.62 2.15 1.27
2
3
4
5
6

2.4
2.2
3.6
3.0
2.8

0.83
0.91
0.67
0.80
0.86

n.73
0.89
0.17
0.24
0.27

1.30
0.86
7.56
3.49
2.41

0.%
0.77
1.36
0.84
0.65

The results for the series of table XXIII are given in table XXV.
For an initial mass of the gainer of 2.0 the sequence nr.3
corresponds to an initial mass of the loser of 2.2. The detailed
computations of the comparable system 2,1 + 2.0 (5.1.) indicate
that the accretion rate at the gainers mass of 2.8 is 2E-8 solar
masses per year, much less than the required value. Also the
interpolated model requires 1.0E-6 solar masses per year (initial
mass of the loser s 3.1) tfiile the computations in 5.2. point at
2E-7 solar masses per year. Table XXV does show that an increase
of the initial mass of the loser only slightly increases the
accretion rate: the total sample shows a dispersion of only a
factor of 2!

Finally, comparing the positions of 2.8 solar mass models in
the }HH diagram with lines of constant Xc (resulting from single
star evolution) yields that the scatter around these curves is
less than 10% in 'üc. Hence, the distance to the ZAMS of the
gainers does reflect adequately the central hydrogen content even
if accretion effects are neglected.

7. Conclusions

Using the dimensions of TV Cas we discussed its evolutionary
state as a semidetached binary. We attempted to derive the
initial parameters of the system. Although a strictly unique
solution cannot be given, the limited nunber of possible
progenitors leads us to suggest a specific model. This model
includes mass and angular momentum loss from the system and is
determined directly from the initial and present masses and
period.

The present period and position of the components in the H-R
diagram strongly points towards an early case B mass transfer (a
late case B would require an improbable increase in Teff of the
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loser during mass transfer). We emphasize that the adoption of
this case of mass transfer is crucial for the further
determination of the progenitor system.

A discussion on the masses of the components reveals that
conservative evolution is only possible In the range 2.1 to 2.3
solar masses, i.e. mass ratio dose to 1. Detailed computation
shows that particularly the model of the gainer does not agree
with the observations. The off-Z/MS position of the gainer
provides a severe restriction on the possible combinations of
initial mass of the loser and initial mass ratio In the non-
conservative evolution, ranging from 2.3 to 3.5 solar masses and
from 0.83 to 0.80 respectively. Some dispersion in the mass
ratio is present resulting from the uncertainty In the Increase
of mass of the convective core during accretion.

Computations of nonconservative evolution result in models
that agree well with the observations. However, the calculated
overluninosity of the gainer is smaller than the observed over-
luminosity. For the two suggested initial masses (2.0 and 2.4
solar masses) additional accretion calculations were performed to
investigate this problem. Only a few progenitors yield the
observed position in the H-R diagram. Using an estimate of the
Initial mass of the loser (with resulting mass loss from the
system) we find that the required average accretion rates are
still larger than the rates obtained in the detailed evolutionary
computations. On the other hand there may be no problem
considering that the calculated overlumlnosity is just within the
error bars of the observed luminosity of the gainer. This
parameter needs further observational confirmation, since the
present value depends on a spectral type versus Teff calibration
(De Landtsheer, 1983a). Additionally it should be noted that the
dimensions of TV Cas are based on a photometric mass ratio.
Whatever method is used in deriving this parameter uncertainties
remain. They will only disappear as soon as the spectroscopie
mass ratio is available.

Concluding we suggest that TV Cas is in the beginning of the
slow phase of mass transfer. Initially the system consisted of
components of 3.0 and 2.4 solar masses with a period of 1.6 days.
In the preceding fast phase 75% of the tansferred mass was lost
from the system (i.e. about 25% of the total initial mass)
together with about 40% of the initial total angular momentum.
The age of TV Cas is 3.24E3 yr.
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Levensloop

Op 31 oktober 1952 ben Ik geboren in de oudste stad van
Holland, Dordrecht. Aan het Gemeentelijk Lyceua aldaar behaalde
Ik op 17 juni 1971 het diploma gymnasium B. Zonder amateur-
astronomische voorkennis begon ik ir datzelfde jaar mijn studie
aan de Rijksuniversiteit te Utrecht.

Op 23 september 1974 behaalde ik het kandidaatseksamen
(hoofdvakken: sterre- en natuurkunde; bijvak: wiskunde).
Gedurende de doktoraalfase bekleedde ik enige studentassistent-
schappen bij het bijvakpraktikum natuurkunde en het sterrekunde-
praktikum en was ik 2 jaar studentlid van de toenmalige sterre-
wachtraad. Bovendien was ik Hans Heintze behulpzaam bij zijn
diplomatieke handelsreizen naar Zwitserland in het belang van de
Nederlandse optische sterrékunde. De Nederlandse sterrewacht in
Zwitserland was vrijwel gereed toen ik op 21 mei 1979 het
doktoraaleksamen behaalde (hoofdvak: algemene sterrékunde;
bijvakken: wis- en natuurkunde; ékstra bijvak: wijsbegeerte van
de natuurwetenschappen). Bc verkreeg tevens de onderwijs-
bevoegdheid dn de wis-, natuur- en sterrékunde. Het afstudeer-
onderzoek o.l.v. Dr. Heintze behelsde de reduktie en Inter-
pretatie van fotometrische waarnemingen van bedekkingsvariabelen.

Vanaf 1 augustus 1979 zette ik als wetenschappelijk
assistent aan de Rijksuniversiteit te Utrecht dit werk voort in
een promotie onderzoek o.l.v. Prof. dr. C. de Jager en Dr. J.R.W.
Heintze. T.b.v. dit onderzoek verzamelde ik tijdens verscheidene
waameemreizen naar Zwitserland en het grondstation (nabij
Madrid) van de International Ultraviolet Bcplorer fotometrische
en spektroskoptsche gegevens van bedekkingsvariabelen. Mijn
reduktie en interpretatie van deze gegevens vonden hun neerslag
in dit schrift. Naast mijn onderzoeksaktiviteiten werkte ik mee
aan het voorkandidaatspraktikum sterrékunde en beheerde ik de
BedeLbar.

Vanaf 1 augustus 1983 genoot ik een z.g. buitenbezwaar
aanstelling aan de Rijksuniversiteit te Utrecht.
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fit-All-tryn

1. Het vertrouwen In inter pretatieprogranina's van lichtkroranen
i s vaak te groot,

di t proefschrift, hoofdstuk H .

2. O-C variatie zegt soms meer over methode dan over periode,
dit proefschrift, hoofdstuk IV.

3. De zwaartekrachtversnelling aan het oppervlak i s voor alle
hete Algol komponenten gelijk: log g = 4.0+0.1.

dit proefschrift, hoofdstuk VTIO

4. Kbrt-pariodieke Algols bezitten geen stabiele groeischijf.
Kaitchuck, R.H., Honeycutt, R.K., 1982, Pub. Astr. Soc. Pac.,

94, 532.

5. M.b.v. stervlekken kan elke lichtkromne «orden verklaard.
Bruns, H., 1881, Monatsber. KÖn. Preuss. Akad. Wissensch.
Berlin, Jan.

6. De helderheid van Am sterren is niet variabel.
Lane, M.C., Lester, J.B., 1980, Ap. J., 238, 210.

7. Da makro-turbulentiesnelheid in atmosferen van superreuzen
wordt overschat.
De Jager, C , Mulder, P.S., Kbndo, Y., 1984, Astr. Ap., subm.

8. licht raakt nooit vermoeid.
Chastel, A.A., 1976, Astr. Ap., 53, 67.

9. Stabilisatie van lipsomen d.m.v. vriesdrogen vereist
interaktie van de Ingesloten stof met de bilaag.

Van Bommel, E.M.G., Crommelin, D.J.A., 1984, Int. J. Pharm.,
subm.

10. Obgeloof is een vinding van gelovigen.

11. Art.23 lid 6 van de grondwet biedt gelegenheid tot ontduiking
van art.l.

12. Vermelding van de kunne in het bevolkingsregister i s
irrelevant en een bron van onrecht (Lau Jfazirel, 1906-1974).

13. Het nuttigm van roomsoezen, tompoezen en pompelmoenen is een
vorm van bezigheidstherapie.




