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SUMHARY

In Algol=type close binary systems the primary 1is
an early type main sequencs star and the less massive
secondary is typically a subgiant or gliant of late
spectral type., Algoletype systems present an evolutionary
paradox, as the le¢ss massive star appeurs to bde in an
advanced atage of evolution, while the more massive
companion is still on the main sequencec. Crawford and
Kopel suggested that the secondariea of typical Algol
aystems were originally the more maseive cumponenta that
had expanded to the critical llmiting surface and then

trangforred much of their mames to the coupanion.

Until recently information on the secondary
components has boen obtained primarily frommdial velocity

and photometric studies.

Broad bvand and narrow band photometric suvudioe
have indicuntsd ultraviolet excesms for the secondaries.
These have been interpreted Dy sevaral observers in terms
of metal deficiency. Narrow band photometry of the G
band and the CN bands have alsd Andicated metal deficiency
for the secondaries. Until recantiy, no dstailad

sbundance analysis of these objecta has bpbeen made,



1%

Analysis of the spectra of the sscondary doampomnents in

the blue~violet region have also indicated metal deficiency
for the secondaries. Clesrly, a detailed spectreoscopilc
study of seccndary components in Algol=type systoms will

shed light on the mass transfer ctvert,

Reticon spectra of 1.9A resolution and in the red
regicn,cf the secondary components of U Cep (BTV +» GB81IX)
and U Sge (BBV ¢+ G5I1l) sre analysed hersin. A differential
spectrum synthesis analysis of the spectrum of the
secondery of U Cep relative to K Gem (GBI1X) haw bean
carxried out, it is seen that the secondary component of
U Cep has a normal composition with [?./ﬁ] = 0.0 3 V.3
Since U Cep 4s a result of Case » mass exchenge (Psosynski
1971) the observed normal abundance of metals Era/d] -

0.0 » 0.3 and s=process elemauts in the eeéecundrry component
is conpistent with that expected from tneories of evoclution

of olose binary asyatemg.

An analysis of the 1,8A resolution Reticomn speotra
of the secondary component 9f U Sge has also been carried
outs A comparison of ths U 3ge secondary mspectra to
Gaussian brosrdened spectre of the standard stars has been
mada. A rotational velocity of 735 km/sec applicd to the
¢§ CrB (U3IiX), spectrum provided an excellent fit to the

U Sge secondary spectrum. (The chemical composition of
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Scrd s normal). From comparison of U Sge secondary
spectrus with the syntheaized spectrum (Tarr = 5250K,
log g = 3.0,[Fe/] = 0.0) in the interval 6377 to 6409a,
ve find that metal abundence in the secondary component

of U Sge is normal |Fe/H| = 0.0 & 0.4,

Thus the secondary components of U Cep and U Sge
have normal metal sbundance. The obsearved mass ratios of
U Cop and U Sge are q = 0,867 and 0.33 reapectively.
U Cep and U Sge are uaderstood to have resulted from
case A and case B mess sxchange, The secondaries in
these two systema have oimiiar composltion. Theaas results
indicate eithaxr that the mass tranafer csase A and case B
do not lead to significant chaage in tho ohemlcal compo=
sition oxr that U Sge may not be a typical case B mass
exchange system. Probably like U Cep, U Sge is also a

rasult of case A manry exchange.,

Infrared spectra of the pecondary components of
U Cep and U 5ge have revealed another interesting aspeat,
which reflects their chromospheric activity, The Call
infrarea triplet lines are found to he very wenk in the
epactrum of the secondary components of U Cep and U Sge,
Weank Cail IR triplet lines axre also noticed in dr’Gem,

a single lined #pectroscopio Linary with atronz X line
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emipsion, Knhanced chromospheric emission in the H and
K lines s¢am to bhe accompaniad by a weakeniung of the
infrared absorption lines of Call, The secoudary compo-
nents in U Cep and U Sge thus appear to have aotive

chromospheros as a result of tidal efleats.

Earlier investigators have interpreted the observed

UV excess of the secondaries in terms of

1) metal dafiloienay of the secondary
il1) chxomoapheris activity of the sscondary
iii) contamination of the colours of the secondary by
light from an envelope surroundinyg the hot atar that is

not ocowplatuly eclipsed at mideprimary winiouw.

2ince we Tind a nosmal cusmival composltion for the
sacondarias of 7 Cep and U 3ge, the ianterpretation of

obasorved UV exceses in terms of metal deficiency is not

valld,

Yrom the observations of a racent ouibuicsi of U Cep,
Battan has found variablg UV exceases both within and
ouctside oclipses, Thuas the oxplanation tluat ovhrososphere

activity ac the gource of UV excess la also unol applicadble,

The third possalbiliLy svems to be the more plausible

on»., There in a strong obgervuztional evidence for



circumstellar matter in Algol systems. From a photometrio
and spectrusvopic study of HU Tau reported herein, we find
the system to be that of the Algole«type wiih partial
eclipses, Spoctra obtained in the H , region show
evidencs fox presence of gas streams. From the derived
dimenasaions of the systex it is found that HU Tau is a
semidetached system with & gas stream flowing from the

secondary couponent to the primary.



CHAPTER 1

S50ME ASPECTS OF ALGUL-TIPE SYSTENS

Int c

in Algol=type close binary systems, the more
massive primary is an early type sain sequence star and
the less massive secondary is typicslly a subgiant or
giant of late speoctral type, Some of the well known,
and to a certain extent wall studied, systema of this
type are Algol, U Cep, and U Sge. Algol«type systems
present an svolutionary paradox since the less messive
star appecres to be in an advanced stage of svolution
while the more innatvo companion is still on the main
sequence. Crawford (1955) and Kopal (19%5) suggested
that the Algol type close binary systems have resul ted
from a large scale transfer of mass, as the secondary
which was the more massive star in the eriginal binary,
evolved, filled its Hoche lobs, and lost mass to the
primary. Morteon's (1960) fundamental puper confirmed
Crawford's hypothesis of interchange of the components
thirough a rapid mass exchange. ZKippenhahn and Weigert

( 1967) were the first to calculaie a sequence of models
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describing the mass transfer phase, KLippenhahn and
Veigert (1967) and Lauterborn {1970), proposed three
different mass transfer cases, A, I and C, depending
on whether mass transfer gtarts within the mein
sequencs band, beflore the onset of helium burning,

or after helium exhaustion. In recent years several
excellent review articles on mass transfer and evolu-
tion of close binary systems were written by Kopal

(1971), Paczynski (1971), #lavec (1968, 1970, 1973).

Our knowledge of the secondaries in the Algol-type
systems is obtained from an analysis of the radial
veloclity curves and light curves, One can usually
determine the radiel veloocity curve of the primary
component only, because, of the grsat disparity in
brightness betwoen ths two stars. DBoeocause of thias
disparity in brightnese, the secondary minima in the
UBY 1ight ocurves of these systems are very shallow,
Secondary minima of gignificant depth can be obtained
by obeserving these ayateums in the infrared, This is
indeed ssen in the infrared light curves of Algol
(Chen and Reuning ( 1966), ladeau et al. (1978) , W Mon
(Bruxalska et al. 1969), R%¥ Tau (Bookmyer 1977} and
U Cep {Xhomov and Minaev 1969), Since the secondary

minimum in the infrared is relatively deeper, analysis



of the infrared light curves will give us accurate

systen parameters and it is also possible to study the
surface brightness distribution of the uubglunt secondary
component which is distorted on account of axial rota-
tion and tidal action (cf, Budding and Kopal (1970) and
Parthasarathy (!972{). Successful efforts to detect the
secondary components in Algol type systems by Popper
(1973), Tomkin (1978), Tomkin and Lambert (1978), and
Tomkin (1979) have resulted in accurate system parsmeters
for A5 Eri, 5 Lib, Algol and U Sge respectively. Another
important aspect to understand evolutionary process of
Algol type close binary systems is to determine the
chemical composition of the primary and secondary compo-
nonts. Miner {(1466) utilized narrow band photometry

and found moderate=to-extreme msatal daeficiency for a
dozen subglant secandaries in Algoel type systems. Only
recently hns an abundance analysis for the secondaries
baon attempted from high dispersion specira by Naftilan

(1976) and Parthasaratby, Lembert and Tomkin {1979).

a) foriod Variations

Mdost of the aAlgol-=type systoms display from tiwve to

time rapid and almost discontinuons changes of the



period. U Cep, U Sge and RW Tau are typical examples of
systoms showing sudden peried changes. O=C diagresas of
Kreiner (1971) and Frietoes =~ Conde and Heromseg {(1973)
show that periods of Algol systems increase and decgresae
randumly by AP/P = 10—5. From an analysis of the times
of minima of a large number of close binary systems,
wood (1950) indicated that the systeoms with secondaries
near the limits of dynamical stability stiow strong
tendency to irrsgular variations of periocd. These
sudden changes of peuriod always speak in favour eof
ejection of material from the subgiaute Tranafer of
muss from the subgiant secondary to the massive primary
under stationary conditions leads t0o an incresse in the
orbital period. The only stationsry process thut c¢can
account for a decrease iun period is loss of muss from
the system with suificient loss of angular momentum,
Bierman and liail (1973) propose thet, for the Algol-type
systems, continuous non-statlonary exchange of sngular
momentum baetween orbiti and rotation ia the reason for
the alternate period chsnges. Bierman and Hall's (1973)
model ii based on the sasumption that swiden bursts of
mass are transferred to the hot star as a result of
Bath (1972) type instability, The mass and the angular
momentum thus lost from the cooler star is stored tempora=

rily as rxotation iu the surince layers of the hotter star,
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or onto a disec around the hotter star thereby d.cr;aning
the orbital period, and then goes back into orbit as
increaszed turbulence "lets the friction tiwme acals catch
up wvith the dynamical time acale of the mass transfer
thereby incressing th:e period®. KRecently, Hall (19753)
sumparigzed the problem of pariod changes caused Ly mass
loss or mass trsnsfer. Batten et al. (1973%) and Plavec
and Polidan (197%) have detected an outburst in U Cep.
Fxom an analysis of O=C diagrams of U Cep, Blerman and
Hall (1973), Hatl (1977) and Bakos and Tremko (1977)
indicute that the outbursts are accompanievd by sudden
period changes, Biarmenn and Hall (1973) while proposing
the above described model predict that the light during
totality should siant up when the period is decressing
and not witen it is increzsing. Such a slant in totality
is found in U Cep DBatten (1974), RW Tau Crant (1959}

(sce Figure 1} and in meveral other Algol-typo systems,
b) Light Changes durjng totality

Hany Algoletype systems show markod asymmetries
in their 1li;ht variations. Guite aoften one finds that
the shoulder of the light curve near the first contact
is fainter than the shoulder at the fourth contact,
There 13 glso a slipgbt incremse in brightness immediately

after the primsery minimum, In U Cep the light curve near
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the firat contact is fainter than at the fourth sontact.
Bolkadze (1956) suzgestad that the asysaetry of the
light curve is due to the veiling of the light of the
primary star by the gas stream. Hore pronounced
asynmetries in the light variationa nesr the second and
third contact are noticed in UlCop, U Sge, R¥ Tau and

SW Cyge The duration of tetality is also found to be
variable and wvavelength dependent in a few systeme., In
R¥ Tou, Grant (1959) found on some nights near the
beginning of totality, systematioc deviations of O‘.O?.
0‘.05 and 0°.1 in V, B and U respectively, as compured
with the remainder of the minimum, This reaidual light
is» found to be due to the gaseous ring oebsaxrved spectroe
scopically by Joy (1942). Recently Bookmyer (1977) from
her UBVIRI photometry of KW Tau found the system to be
somevhat brighter before mid-e¢clipse than after mide
eclipse. In Figure 1b the absarvations of RW Tau by
Grant {1959) ond Bookmyer (1977) noar the total phase of
the primary minimum ars plotted. It is evident that the
shape and cduration of totality have changed fyom the time
of Crant's (1959) observationa, It is not known, how
froe. ucnt arae tihese chanses. At times the minima are
found to be symmetrical and almost constant in light
during the totality. Recent observations of U Cep by

Olson (1974) and Jdall (1975) indicate that wvariations take



place during the total phase from cycle to cycle. In
Figure 1a, the U observations of U Cep made by Hail (1975)
on 26-27 February 1970 and 2-3 April 1970 sre shown.
Batten (197h) and llall and walter (1974) found evidence
for a flattened diek arocund the primary component of

U Cepe Hall and Wanlter (1974) examined 104 light curves
obtained betwsen 1880 and 1970. They defined a quantity
Am as the difference of brightness at the beginning and
at the end of totmlity, Thus, the lizht at totality
slants up when A m is positive and slants down when

it is negative, They find that the abrupt period changes
are corrolated with positive values of Am, However, the
ultraviolet Am determinations show a different t$rend,
The correlation between epochs of period decreass and Am
can be explained by a combination of two effects. Hall
ana Garrison (1972) had suggested that the upward slant
during totality is dues to accumulation of luminous master,
which has Deen ejected {rom the sulLgliant, passing around
the 8 star, and concentrated in front of ite leading
hemisphere, while explaining the cauwe for alternate
period changes of Algol systems, Biormun and Hall (1973)
propose that the gas stream should have maximum strength
during the time when the period ia decreasing. Hudden

period clhiunges, slanted toctalitiee und variavle ultraviolet
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excesses during the totality seems to be a cosmon

feature of Algol-type systems.

©) Manses and Luminosities

The massive components im the Algoletype (semi-
detauched) systems are on or near the aain sequence.
They seem to obey the mass luminosity relation fairly
well, The secondary components have fiiled their Rocha
lobes, are above the main seguence, and ars asubglants
and giants of later spectral type, 7The mass of the sub-
glant secondary in a few systems (AS £ri, DN Ori, TIY veg
etc.) is only about 0.2 Mge The subgiant components ure
overluminous. The luminosity excess 1s dafinad as the
difference in bolometric magnitude bhetween the subgiant
and a main sequence star witish the same mase. LZiaolkowski
(1969) computed the luminoaity excess of subglant secone
dary coaponenta in 35 Algoletiype systems. 7The sxcass inm
luninosity is found to bo correlated with the observed
mass ratioc., Theres is a clear tendency for the luainosity
excesn to increase with decressing mass of the seconaary.
In more mussive binarics with tocal mass 5 %@ or Mmoro
the luminosity exceses is found to be not larger thuen 3‘.
In systems with smallier mass (short period Algol=type
systems) luminosity excesawes of upto 10™ save veen found.

Poozynaki { 1967) and Gianuone et al, (1968} suggemtsd tlLat



o !

the observed semi-detached low muss binaries correspond

to case U mass exchange. On the bssis of the distribu-
tion of the observed luminosity excesses Ziolkowski

(1969) suggested that they are the result of mass exchangs
cases A, However, tlis explanation requires small central
hydrogen content at the boginning of the asss transfar

or large acale mass loss from the system.

d) Ciroumstellar Matter

Batten (1970, 1973a, and 1973b), and Sahade and
wood (1978) have reviawved various aspects of circuamstellar
isatter in close binary syatems. Spectroscopic studies
of several systems have revealed the existence of gassous
stream flow from the subgiant secondarias snd a circum~
stellar disk or an envelope arcound the massive primary
component and in some cases an extondsd outer envelops,
From tho spectroscopic observations of RW Tau, Joy (1947)
discovered emisasion lines in the esclipse spsctrum of RW
Tau and also the variation in intensity from one eclipse
to another. Joy interpreted the eclipse spectrum of RW
Taua by poatuluting that the EY9 primary is surrounded by a
gassous ring.

Struve and 3ahade (1957) found red displaced emission

i'\\ ,\ ‘S Al

line at 0.,25% phnnc.[ Sahade (1958) and Andrews (1967)



studiend it in detail and found the corrsapoending

feature at .79 phase to be muoh wesker with no hydrogen
line saission seen in the eclipae syectrum, The

enission Teature appears to arise in the stream betwean

the two sters. Siruve, Sahade and Huang (1957) heve also
suggested that smission from the gasecus stresm detwesn

the two stars is partly responsible foxr the apparent line
doubling observed in the spectrum of U CrB it quadratures.
Batten and Laskarides (1969) have attempted to explain in
the same way the distorted line profile in the spectrum

of U Cep at guadratures. Mors recently Battem st al. (1975)
and Plavec and ¥olidan (1975) detected an outburst of

U Cepe They found emission in all Balmer lines from

H, to Hyg and also in the il and X lines of Call, N 5481

of Mgll and possibly in some lines of Fell and Hel. The
emission persisted for sbout 40 days snd is found to arise
in a disk around the primary star. Some of the character=
istics noticed during this outburst by Datten et al (1975},
Plavec and Polidan (1975), Olson (1976) end Rhombs and

Fix (1977) are:

1. lék emission was acecompanied by & sharp absorp-

tion component, which was also seen at Hg o H.and H 7
I ' [
with a displacement to the violet corresponding to

velocity of several hundred kn-".



2., Asymmetric primsary minimum and shorteaned
duration of totality. Duration of totality in U 1s

found $0 be relatively much sherter.

3« UV excess vwithin and outside the occlipses.
UV excess during the primary minimum was found to be

variable.

e} The Ultraviolet Excess and Metallicity

Ultraviolet excess have been observad in the sub-
giunts of many Algol=type eclipsing binariscs. Systems
showing UV excess are listed in Table 1, The UV excess
values listed are taken from Devinney et al (1970),

Koch (1972), Hall et sl (1972), McKamara (1967} and
McNamara snd Felts (1976). For single stars the éS(U—B)
is an indicstor of metal abundance (¥Wallerstein 1962).
Thia interpretation, which is wvalid for a single star,
has beven extended by several obpservers to explain the
observed UV excess of the subgiont secondaries in terms
of metal deficioncy, < O(U~B) values given in Table 1
indicate that the UV excess is large for systems with
longer orbital perioda. Such large negative values are
not definitely dus to abundance anomslies, For late type
dwar{s an sbundance of [?o/ﬂ] = =1,0 produces an UV

exceoss of () (U~} = 0.2 {Wallerstein 1962). In several



Tablae )

Intrinsic colours and UV excoesses of the secondary
components

Period Speotral

(days) type (B'v’o (U'B)o (u-u)
R CMa 1. 14 Fiv +t. 14 +0,68 (e 39
GhlIv
¥ UM 1.70 AJ +1.15 «(,02 -1.,04
KJIV
)] Ccp 2.“9 B?V ’0.88 000“0 wlly ‘7
G8IIL
KW Tau 277 BB +1.00 +0.,91% 0,09
KolV
w¥ Cyg J.32 v +0,82 +0.48 «0,1
G81IV
U sge 3.38 B8,8IV-Y (+0.46) (+0.40) -0 15
G2=511X-1V
S Cy‘ “.57 Ale +l. ‘6 +1.0 -0.27
Ko
WW Dra 4.63 g;" *0.97 +0.63 -0 12
¥OILLIX
AX Mon 590 ASIII-IV “0.73 +0,20 0437
G2ILIX
5 Vel 5093 A3Y +1.05 +0,78 -lg 12
18,99 ¢
R3S Cep 12.42 ASe -Oe b
G
KW Per 13.20 A3 +0.90 +0.15 Q.47
&Go
535X Cas 3&.57 Anb‘ "0.92 -\,005 -‘307‘
&G6
«U Cyg 38,44 wh +1.30 +0.06 ~0,81
XS1LX
RZ Oph 261.94 F3Ib +1.5 1.2 -e6

a51Ib
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systems the observed UV gxcess is much larger than wvhat
can be interpreted in texrms of metal deficiency of the
secondaries. There seems to be a dependence of Zf(u-n)
for the secondaries on log P (Koch 1972). The observed
UV exoesas of the -ccondarionlllntcd ia Table 1, vhen
plotted sgainst the separation between the components
(loz o) indicates the existance of a ﬁouliblu linsar rela-
tionshipe. Thus the apparent UV excess of the secondarlies
probably is not due to the metal deficiency. Probably

the circumstellar envelope arcund the hot atar eor around
the whole system is contasinating the celours of the
ascondaries, From the photometric study of 3W Cyg Hall
(1972) come to the conclusion that the observed UV excess
in SW Cyg and in other Algole«types systaws is duo to contae
mination by lisht from an envelaps surrounding the hot
star that is not completely eclipsed at mid-primerxy

minioum,

Vory few attempts have bsen made to study Algol=-secon-
daries employing narrow bandpass filters. Hiner (1966)
utilized narrow band photometry to study a dozen Algol
systems. Spectral features measured by him were the
G=band, the CN bands at 4200A and a metallic abundance
index Am. Hiner found metal deficiency for all twelve.

From the correlation of sm index {(Miner 1966) with



Te/H] , Hall (1967) (also see kooh 1972) found the
average [?o/d] for the twelve secondaries to be =0.96,.
Hclamara { 1967) and HMocNamara end Felts (1976) from

uvby photometry found [?c/ﬂ] » «0,9 and =-0,6 for the
secondary components of U Cep and U Sge respectiveliy.
Similar mectal deficiencies were reported by Hall (1967)
who measured the CR index defined by Griffin and Hedman
(1960). Hall (1967) found CA to be deficient by a
factor of 3, this result was confirmed by Spinrad and
Taylor (1959) Irom scanner observations of An Laceriae.
sistero {1968, 1971) found ultraviolet excess in the
subglianié secondury coaponent of 8 Vel and interpreted
it in terms of wetal deficiency. idond {1972) obtained
an ultruviolet spectrogrom of 3 Vel auring the totality
and found the specirum to bée very much similar to cthzat
of 6 Lep a nigheveioclty red giant, aad reacued to the
concluvion tuat the seconuary component of 9 Vel is
metul deflcivnt. Kat'tilan (1975) Tfinus slight metal
duficiency in iiiree iAlgol syatems., liowever, batten et al,
(1973} and Rhombs and Fix (1977) detected an increased
ultraviolet excess within and ocutside the eclipses of

U Cep during the 1974 outburst. Thus the interpretation
of the observed ultrnviolet excess of the subgiant
seconduries in terms of metul deficlency seems to be

improper.



According to current understanding the subgliant
sscondaries in Algol=type systoms are in the stage of
post main sequence evolution. And it is generally
accepted that they have loat considerasble mass to the
current primary. Thus knowlecdge of the chemical compe=
sition of the primary‘and secondary comnponents will emable
us to understand the evolution of these intoresting
systemss My interest to study the problem of mliraviolet
excess and metallicity of the subgiant secondaries ceme
after 1 found a flare type H , emisstion in HU Tuu (see
¥igure 2) on & 17A/ma dispersion spectrum plate taken
on Ird January 1974 with the 1,0 meter telescope of the
Kavalur Observatory., Subsequently Batten et al. (1973)
and Plavec and Polidan {197%) reported am outburst in
U Cop and found an inoreased ultravioclet excess within

and outside the eciipses.

From spectroscopic amd photowetric study of HU Tau,
it 4s found that it 1is a typienl Algol aypotem with
pertial oclipscs. Uncontaminated aspectra of the subgliant
sccondaries can be obtained only during the total phase
of the primary eclipse and, thexrefors, it is not
possible to get such an uncontaminated apectrum of the
subgiant secondary in HU Tau, Since the duiation of

totality is short and the secondary is faint, the
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Bcquisition of apectra of the necssaary high gquality

is a challeange to high quantum efficiancy detectoras.

U Cop and U Sge, which at minimum light have V magnitude
Je1 and 9.2 respectively, are the two bWrightest Algol
systeus with total primary eclipses. In the next few
cnapters, an analysis of the spectra ¢f the secondary
componenta of UV Cep and U S5ge nr.’pro-.ntcd. followed
by a derivation of the parameters of the typical Algel

system HU Tau,



CHAPTER 2

THE CHEMICAL COMPOSITION OF SECONUARY COMPONLENTS

ALGUOL-TYPE SYSTEMS

2.1 __Introduction

Until recently, information on the secondary
compynents of Algol type systems has dboeen obtained
primarily from radial velocity and photoqatric studies.
Broad bend photometry has Lndicated lnrga‘nltrnvlolat
excess for the secondaories (Tuble 1) A few narrow band
photometric studies (Miner 1966, Hsll 1967) hove nlso
indicated that thce secondsry components of Algel systems
are metnle~poor. The Algol-tyro myntems originate from a
large scale transfer of mass when the secondery, which
wns the more massive atar in the original binary, evelved
filled its Hoche lcbe and lost momns te the primary
Crauford (195%), Xopal (19%5%5). Only recently has an
ahundance analysis for the secondsries dbeen attempted
from high dispersion apectrn. XNaftilan (1976) used
spectrum aynthesils and curve of growth approaches to
anclyse the spectrum of the secondsry of U Sge. Speotra
in the intervel 3500% to 4800% showed a wild motal

deficiency ([fe/ﬂj = =3,7) for the iron group and similar
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eloments and a slight enhancement for some s-process
eloments. This is an interssiing result which, Af cone
firmed and extended to other Algol systems, surely places

savers constraints on the mass transfer models.

The secondary components in Algol type aystems are
generally subgiants or glants of late spectral type snd
they are rotating synochronocusly. For this zresaon, the
rotational velocities of these stars are very high compared
to the single stars of similar spectral type. Therefore,
the spectra show severe rotational broadening so that
normally strong lines are broad and .pnllev. The line
blending and contiouum level uncertainty assoociated
with the crowded spectira of G and K stars sre both
enhanced by the rotational lins broadening. These diffie
culties are minimized by working with red and near
infrared spectra. Uncontaminated spectra of the secondary
can be obtained only in the tetal phsase of the primary
oclipse., Systems like HU Tau with partial eclipses
are not suitod for this purposs. Since the duration of
totality ia short and thae sscondury is faint, the
acquisition of spectra of the necessary high quality is a
very difficult task with comventional techniques. ¥With
modern digital detectors like the Reticon Silicon diode

array, 1t is possaible to get high quality spectra even



for fainter stars within a short exposure time., The
two brighteat of the totally eclipsing Algol systems
are U Cep and U Sge, which at minimum light have V
magnitudes 9.1 and 9.2 respectively., This analysis

is confined to the study of high diepersion spectrs of

theae two objects,

2:2 The ngorvat;ogg

Spectra of the secondaries of U Cep and U 3ge were
obtained with the 2.7m telescope and Tull counde spectro=
meter squipped with a Reticon Silicon diode array
detector (Vogt, Tull and Kelton 1978). The spectra of
U Cep were obtained near zero phuse of the primary
eclipse. Single exposures covering 430A were obtained
2t o resolution of 1.9A with 0,46A per diode. With an
exposure time of about fifty minutes in aversage seeinyg the
unsmoothed spectrs have a signal to noise rutio of about
80. Rach exposure was centered near midesclipse and had
a duration much shorter thsn the duration of totality,

80 that the socondary spectrum was obtained without
contamination from the light of the primary. Ths spectra
were centered at 6200A, 6320A and at 8620A. The spectrum
centered at 8620A includes the Call infrared triplet
lines at 34934, 8542A and 8662A. These regions were

selected becasuse examination of the Aroturus spectrum
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(Griffin 1968) suggested that they contained an useful
mixture of moderately strong lines and broad continuum

regions,

The apectra of U Sge were ul:ﬁ obtained at the
middle of primsary asclipse. The 63204 region spectrum
was obtained by Prof, David Lambert and Dr. Jos Tomkin
on 22nd June 1978, The length of the spectrum is 2M10A
and the resolution is 1.8A with J,23A per dicdes The
unsmoothed spectrum hos a signal to noise ratio eof about
113. An additionali speotrum, which was centered at
8620A which includes Call infrared triplet lines wvas
obtained by Dre. Jos Tomkin on 29th Jualy 1977. The
resolution is 1.8A and the length of the spectrum is A30A
with 0.46A per dicde. Instrumental resolution of 1,9A
and 1.84 for U Cep and U Sge respactively vers chosen teo
mateh the anticipated rotational broadening. Some of

the details of the spectra are given below.

Year Ti:; of mid FPhase ::':;:nxth ﬁ;Pg;: a§£- issolu~
posure gcenter spootrum de tion
O Cep
1977 Dlec 2,1063 0,010 6200A §30A 0.46A 1.9A
1978 Feb 22.3243 0.997 6320A 4304 0.46A 1.9A
1977 Jul 2%5.4410 ©.008 8620A 430A 0.,86A 1.9A
U 3ge
1977 Jul 29,360 0,997 8620A 4304 O 64 1.8A

1978 Jun 22,292 Vel 63204 2104 Qs23A 1,84




The spectira of U Cep on 2nd December 1977 and
22nd Februsry 1977 were obtained by Prof. David Lambert,
Dr. Jos Tomkin and myself. Re¢st of ths spectra were
obtained by Prof. David Lambert and Or. Jos Tomkin and
Dr. Joa Tomkin. Spectra weres also sbtained of seversl
standard starss S Cr8 (GSIIL), kiacu (¢81r1), /@ Gem
(XoXII) and 7 Cyg (KoIV). The lines in the spsctra of
the standard stars, which were ohserved at the same
resolution, are sharper than in U Cep and U Sge (seeo
Figures 3, 9, and 6). This demoustrates that the
resolution is sufficiently high and the broadening of
the U Cep spsctra is mostly rotational and not instrue

mental,

Batten (1974} has recently given a new unified

interpretation of U Cep. The apectral types of the
primary and secondary componects zre BTV and GBIII-LV,
The oxrbital period of the system is very nearly equal to
2.9 days., The duration of tuoiml phase is nearly two
hours. The duration of totality 1is found to be variabie.

The various parswueters of the systom are given in Table 2.



Table 13 -

Phyeical parameters of U Cep and U Sge

U Cep

U Sge

Primary Secondary

-

Primary Secondary

Persod (days
Separation (Rg)
Mass Ratilo
Spectral typu
Mass (Mp)

Kadius (Ky)

Roche radius (Rg)
Ay

log g

Vsyn {kn/sec)

Veot (km/sec)

1

B7v

4,2

29

2.49
4.7
Q.67
G8IIX
2.8
4.8
Se1
*2.5
332
973

3.38
18.6
0.33
B8.SIV=V GR=STII-IV
Se7 1.9
4o 5.6
8.9 53
-0.4 *+2.2
3.95 3.22
62.9 B83.8
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in the spectrum synthesis approach to an abundance
snalysis, tie line broadening resulting from the
rotation of the secondary must be taken Into account.
The orbital period snd stellar radius of 5,8 Ry (Batten
{1974) and Cester ot al. (1977)) correspond to a predicted

' on the

equatorial rotational veleocity of 37 + 10 km .
assumption that the secondary is rotating synohronously.
To check this prediction, wa have matched the U Cap
secondsry spectra to Gaussian broodened apectra of the
standard starss The brosdening velooclity, Vb
Gaussian velocity distribution, exp {-(V/Vh)n), is related

s of the

" 2
te the rotutiunal velooity by V., = 3 Vios #4n 4 (Unsola

aud Struve, 19589)., A rotational velocity of 90 + 8 km .“
(Vb = 60 um a-‘) applied to the }( Gem spoctrum provides

an exceilent fitv to the U Cep mecondary spectrum (Figure 3),
The specirai type of k: Gem is GBII1l end matches the
classification of the secandary of U Cep (Batten 1574),

Tl:e rotational velocity solution is not sensitive to the

cholice of standard staurs The result shows that the

gecondary Lis rotating synohronously,

Tiie Chemical C i 2 Seconda &

2L U Cep

Y1ince the spectrum of Lhe secondory is so severely

brosdened Ly rotation, a spsctrum synthesis approach is
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especially attractive., Our analysis was done in two
stages. The standard star k: Gem is & closes match to
the U Cep secondary. For IC Gem, Williaws (1971) obtained
the basic parsmeters thr
composition of /C Gem appears to be solar (Burbidge and

o 4990 K and log g = 2.9. The

Burbidge 1957i Williame 1971} Hansen and Kjaergasrd 1971).
Colour indices and the speotral type suggest T.fr s 3000 X
for the U Cep secondary (Batten 197k), Cester et al.

(1977) from light curve synthesis obtained Torse ™ 3080 K.

re
The known mass and radius (Batten 1974) provide log g =

3¢5 . Qe

Since the neutral metal lines are rolatively insensi-
tive to small diffsrences in the surface gravity, our
initial analysis took ths observed &:~Gam spectrus and
broadenad it by tha predicted amount for synchronous
rotation. The fit to the obaserved U Cop secondary spectrum
was excellent (Figure 3), Cleerly, large abundence
differences betuesn U Cap and K; Gem are excluded by

thia direct test,

In order to obtain a gquantitetive undexatanding of
tho abundance similarity, we undertook to scscount for the
diiference in gravity between [C_ Gem and the U Cep
secondary, A model atmosphere with T¢!f » 5000 K, log g »

J.0 and solar covmposition was taken from the grid



ot

constructed by Hell et al. (1976). Ve synthesimad two
spectrun Antervals: 6139.0 to 6158.5% and 6377 so 6409R,
An initial line seloction was made using the Kurucs und
Peytroman (197%) table. A total microeturbulent velscity
of 2 km s" wes adopted with & macroturbulence of 4 km a-'.
The computed spectrum was convolved with the instrumental
profile, Throvgh edjustment of the oscillator atrengths,
the synthetic spectrum was forced to mstch the obsoarved
spectrum of k:ecm. In the next step, we reteined the
revised osolllautor strengths and recomputsd the spectrum
for model atmospheres ’1"rr = %52%0 K, log g = 3.75,

Tfo = 5280 «K, log g = 3.0. T L 5000 K. 108 8= 3.0

off
(the // Gem model), and three differemt input abundances,
solar, one~third solar and one-tenth solar. To match the
U cep spectra, the synthetic spectra were rotationally
brosdened, The calculetiocna witkh 3 dilfferent models enable
us to assnes the effect of ressonabls temperature and
surtface jgravity uncertainties on the synthetic spectra.
Ubserved and synthatic spectrs in the wavslength interval
6377 to Guogﬁ are compared in Figure k., The spectrum

computed for solar abundancesn for model atwosphere T. -

£
5000, log g = 3.0 1is a good fit, Lt is clear Ihet with
the othier two modela the aclor abundance gynthetic spaotra

also provide the beat fit,
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Since the rotational broadening is so severe, the
shallow lines in the U Cep secondary spectrum correspond
to deeup saturated lines in the K\ Gem spectrum. Hence,
their conversion to a metal abundance is sudbject to
modest unvertainty, Inspection of the synthetic spectra
suggzests that [?o/ﬂ:)- 0.0 ¢ 03 where the uncertainty
includes a contribution from the Tofr and log g uncertaine
ties. Our results are in agreement with Baldwin {1973) who,
from a spectral comparison of the secondary of U Cep with
single stars of the same apectral type, also found no
evidence of significant motal deficiency. They exclude
the metal deficiency, [Fe/H | = =0.9 (MoNamara 1967),

obtained from narrow band photometry.

The majority of the lines belong to metals in the
xrange Na to the iron group. The Ba IXI line at 61&1.72
is included and appears to correspond to & solsr abundance,
Therefore, we suggest that the s-process elements also
have a solar abundance. This contrasts with Naftilen's
{ 1976) results for the U Sge secondary whare he reported

a motal deficiency but an s-~process over-abundance.

Our analysis of the U Cep secondary spectrum is
clear svidence for normal abundances of iron peak elements.

Wo, therefore, conclude that the interpretation, of the UV



ex0438 obtsined from tha broad band and narrow bdand
photometry as an indicator of metal sbundance, is inwvalid.
The cause of the UV excess could be due to g¢lrcumstellar

gas.

Rhombs and Fix {1976, 1977) made flux measurements
of U Cep during totality and slseo outside the eclipse
covering the wavelength interwval 3300: to 59002, with a
bandpass of 303. They found that a large UV excess
seen during totality in 1974 was absent in 197%. Similar
results were reportod by Datten et al. (1973%) and Olson
(1976). If a similar UV sxcess affected the photometrioc
observations of the secondary of U Cep, it would provide
an explanation of the discrepant photometric metal abundan-
ces. The Rhombs and Fix measurements of the secondary of
U Cep show the excese UV flux increases steeply shortwvard
of 40002, There is no significant excess flux at longer
wavelengths. £xcess flux with this distribution will
affect thea u band (central wavelength 3500X) but not the
vy, b, and y bands {ceutral wavelengths 4110, 4670 and
54702, rospectively). The E?c/ﬁ] of «0.9, estimated by
deNamara ( 1967) for the secondary of U Cep, is based on
the difference botween its m, index (which ie independent
of u) and the @y indices of stars in the same location of

@4 c, versus bey diagrem. The °, index depends directly on



o and, therefore, may provide a misleading location in

the ¢, versus bey diagram and, thence, a misleading
estizate of the metal abundsance. We note, hovever, that
the observations of Rhombs and Fix were made during the
“osutburst-mass transfer activity", a rare event described
by Batten et al. (1975) and Plavec and Pollidan (19735).

If the photometiry was done during a quliescent phase, when
the UV excess was greatly reduced, then an alternative
explanation of the discrepancy between the photomotric and

spectroscopic abundances must be sought,

2,5  Anolysias of the Spectrz of the Secondaxy Component
of U Sge

U Sge is another interesting Algol-type close binary
syatém. The orbital period of the syatem is )}.38 days.
The duration of totality is 112 minutes. The spectral
types of the primary and secondary components are B8,5 IV-V
and G2=3 I1I-IV {Cester and Yucillo (1972) snd McNamara
and Feltz (1976))j. The physical parametexrs of the system
are ziven in Table 2, Hecsntly Tomkin (1979) determined
the velociiy curve of tha secondary of U Sge. The mass
ratio and masses of the primary and secondary determined
by him ares '2/"1 w 0,33, my; = 5.7 my and m, = 1.9 m,
raspectively. Thus the systom parameters are now known

accurnately. The wass ratio of U Cap As 0,67

Fo b )
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and that of U Sge is 0.33. Plavec (1973) suggests that
the U S¢e aystem hos resulted from case B mass exchange.
Recently Naftilan (1970) found miid metal deficiency
E?e/ﬁ] = «(,7 for the secondary component of U Sge from

an analysis of the specctra in the interval 3300A te 4800A.
MoNamecra and Feltx frowm uvby photometry also concliuded
that the secondsry comuponeant ils metal deficlient,

C@stor ot ale (1Y77) frum light curve synthesis ebtatned
Toft = 3350 X for the sccundary., JThe mass and radius of
tho secondary {Table 2) provide log g * 3.2 The computed

rotutional velocity Veyn 18 found to be 83.8 km/sec.

The McDonald spuvctrum of U Sge was obtained at the

middle of primary eclipse on 22nd June 1978.

The resclutlon is 1.8% with 0.23A/diode. The
unsmooihed spectrum hous a aignal to nolse ratio of 113,
From the orbltal period and radius of the secondary
(Table 2) the calculated synchronous rotational velocity
i8 33.8 um/sec. To check this we heove matoched the U Sge
secuondury 63204 regien spectrunr and 8620A region spectrum
to Guussian brocdened spectrn of the stendard stars,

This nmethod hus aslready bLeen doescoribted in the section on
tha (otetional voleocity of thie secondsry aomponent of
U Cope ¢ rotational velocity of 75 km e ! (Vg = 50 kn =)

applied toa the  Cr¢ spectrum provides a good fit to the



Ry

U Sge secondary spectrum (Figures 5 and 6). The broadened
spectrum of ﬁ; CrB i3 a close fit to the spectrum of the
secondary component of U Sge. ¥hile the Fel lines matoh
woll there are slight deviations noticed in the region eof
TLI lines near 62604, However, the spectrum interval
6250A to 6260A matches vory well with the broadened spectral
region of J CrB. This feature is a blend of Fel, S4I, NiIX
end Til lines (Figure 5). Similarly the spectral region
near 6245A which is a blend of 51X, Sol and Fel lines
matches perfectly with the broadened spectrum of 5 CrB
(Figure 5), A similar close fit is seen in the interval
63154 to 63504, The feature of 6318A is a blend of Cal,
Mgl end Fel lines and the feature at 6343A is a blend of
Fel and Cal linea., These two regions match very well with
the broadened spectrum of C Cride. Similaxly the broadened
spuctrum of ( CrB (G51il) also matchus very well with

the spectrum of the secondary component of U Sge in the
wavelength interval 8400A to 8300A. $Since the abundance
of elements in <§ Crll is normal Eﬁ-/n w 3,0, and since
tho bUroadened sgyuctrum of rF.Crﬂ matohes very woll with
the spectyuw of ths secondery cowponent of U Sge, one can
conclude thot the U Sge secondary is not metal deficient.
Naftilan (1976) has reported a moderate motal deficiency
({Fe/ﬁ] m =U,7) in U Sge secondory from an analysis of

‘its spectrum in the regiomn 3500A to 4800A, with also a
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slight enhancement of s-groceas elements., Since the
temperatures and gravities of the secondary components

of U Cep and U Sge ars comparable (see Table 2), we can
compare synthesized spectra given in Figure &4, The

glosest model satisfying the temperature and gravity ef

U 3ge sscondary is T_ = 5230 K and log g = 3.0 (mee

Figure 4 and Table 2). Comparison of the observed spectrum
of the U Sge secondary in the wavelength intsrvel 6377

to 64LO9A with the synthesized spectrum in that region

with T_ = 5250 K and 108 § = 3.0 (dashed line in Figure A).
We find no evidence for metal deficiency. The synthesized
speotrum matches well with the obaerved spectrum of U Sge
secondary. From the synthesized spectra it is clear

that a metal deficiency of [?n/il » ~J¢% produces signie
ficant deviations even in the case of strong lines when

compared with & spectrum synthesized with normal metal

abundances,

From the above disocussion we can conclude that the
secondary of U Sge is not metal deficient, However,
a detailed curve of growth and spectrum synthesis analysis

in the roec is essential to narrow down the uncerteaintiese.

The interpretation of observed UV excess of the
secondary componants in Algol~type close binary systems in

torms of metal deficliency is not wvalid. McNemara and
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Telts (1976} from uvby photometry found Ee/l{z = «0,6
for the secondary component of U Sge. #McocNamara and Feltis
{1976) from uvby photometry of U Sge found more ultra=
violat radiation neaxr the bLeginning 6! totality than at
the ond of totality., They also found that the observed
times of light minima were delayed by 43 seconds in wu
relative to the objerved light minima jaferred from the

v, b and y observations. Cester and Pucillo {(1972) mlse
found that the lengith of totality appeared to be somewhat
shorter in U than in B and Y, This excess radiation must
be a superposition of Ealmer continuum radiation from the
grne strecm or disk on the radiation of the G2 atar,

A similar phenomenon was noticed in U Cep and RW Tau

(se@e Figure & cnd ib) and SW Cyg (Hall and GCarrison 1972).
The duretion of totelity in theso threv systems is shorter
in U thon in B and V. Hell and Garrigson (1972) inter=
preted the observod UV excese in 3V Cyg in terms of conta=
mination of the ctolours of the secondury compouent by
light from zn envelope surrounding the hot ataxr that is

not complutely eclijysad at sideprimery ainimur,.



CHAPTER 3

CHROMOSIHLRIC ACTIVITY OF ALGOL SECONDARIES

Observational details of the infrared spesctra of
the secondaries of U Cep and U Sge in the region of the

Call triplet lines are givem in Chapter 2,

From Figure 7, we notice that the Call infrared
triplet lines are weak in the secondaries of U Cep and
U Sge relative to their intensities in standard stars. In
comparing the spectra, the standard star spestra are
broadened by the predicted rotational veloocities. More
observations are needed to confirm our suspicion that the
Call lines are weaker than the standards in all Algol

secondaries.

In normal stars, the cores of the Call lines (and the
H and K l1ines) are formed in the chromosphere. The H and
K 1line eminssion intensity is found to be an indicator of
chromoaphuric activity (Wilson and Bappu 19%7, Wilson 1963).
Since the H and K lines and the infrared triplet share
a common upper state, enhanced chromospheric emission
in the i and K lines is likely to be accompaniod by a
weakening of the infrared abaorption limes. Baldwin {1973)

reported that the Call X line in the spectrum of the



‘secondary of U Cep appears to be filled in by emission.
The H and K lines of Call are also found to be in emission
and are of high intensity in the spectrum of thes secondary

gomponent of S Vel (Bond 1972).

The correlation between strong H and K emission and
wveaker absorption lines of Call infrared triplet may well
be found in other binaries with a late type giant compo-
nent. An example is § Gem (K1 III, P = 19,6 days)
wvhich is a single lined spectroscopico binary with K line
emission intensity of 5 on the socale of Wilson and Bappu
(1957) snd ¥ilson (1976). Our infrared spectrums of [ Gem
shows that the triplet lines are weaker than in a standard
star of similar spectral type. Attribution of the Call
effects to enhanced chromospheric activity i» confirmed
by the detection of a strong Hel 108304 line in [ Gem

(4arin 1976).

Shine and Linsky (1972) have studied the Call lines
in the active and quiet regions of the sun., In plage
regions, the infrared Call lines are weak relative to the
line profiles obtaincd in the guiet regions. In a weak
plage, the 3498A line, the least opaque of the triplet
lines, shows a definite double reversal. The cores of all
lines show reversals in the bright lines. Differences

between quiet and plage regions are attributed to larger

o



chromospheric temperature gradients and the resulting

increase in electron density in plage regions.

The secondary components of U Cep and U Sge have
filled their Roche laobes and the tides raised by their
massive companions seem to increase the chromospheric
heating, An analysis of intensities of Call emission K
line in spectroscopic binaxries is made by Glebocki and
Stawikowski (1977) and Young and Koniges (1977) and
Evang (1977). They find & correlation botween X line
emission intensity and orbital period. Their results
indicate that the tidal forces can change structure of
the ahromospheres in late type giants. If we extend this
analogy to the secondary components of Algol system;, the
tidal forces on the mscondary by the massive hot
companion are enormous. Further observations of Algol
secondaries in the region of H and K 1lines and infrared
triplet lines of Call are needed to study their chromos-

pheric activity,

S A

In ¢conclusion, we note that there is a very significasnit

amount of calcium c¢hromospheric emission in the
secondaries of the Algoletype syamtemas as shown by the
Call infrared $ripleut. Such high chromospheric

intensities in a "quiet® state implies chromospherie



smission originating from agencies caused by the
convection zone in the star (Bappu end Sivaraman 1971V)

that 4né vastly amplified by tidal distertion.



CHAPTER &

AN ANALYSIS OF THE LIGHT AND VELOCITY CURVES

The 1ight variability of HU Tauri (5%.7, B9V) was
discovered by Strohmeier (1960). Mammano et al. (1967)
found 4t to be a single lined spectroscopic dbinury and
determined the spectroscopic orbital elements. Because
of 4ts brightness, short period, early spsctral type and
the possibility of total eclipse (Masmano et al. 1967),
I decided to study the aystem photoelectrically and

spectroscoploally,

5.1 _Photometric eloments of HU Tourd

Photometric observations of HU Tauri were made with
the 38cm refrmctor telescope of the Nizawmiah Observatory
on 24 nights during January 1971 - Januery 1973}, using the
standard B and V filters a GR1230A DC amplifier and Brown
recorder, HH 1472 and iR i579 were used as the comparison
and check stars respectively (see Table 3). A totul of
638 blue and 453 yellow observations were obtained., All
the observations were corrected for atmospheric extinctionm

using the nightly atmospheric extenction coefficientes

Co



Isble 3

Variable and comparison stars data

v BV Ul Spectral
- - type
Comparison ik th72 579 *0.31 +0.06 ABY

Check Hik 1479 hoe68 90,16  +0.15 ASV




determined from the observations of the comparison star.
After applying the extinction corrections the extra
atmospheric muognitude differences /) m (variable star =
comparison star) in blue and yellow wers obtained. In
Table Sa and 5b the heliococentric Julian day of observation
and ‘A-b and Am are listeds The variation in the
observed magnitude differences detween the comparison and
chsck stars on different nights is fouad to be + 0™.015.
UD& standard stars were observed on three mights during
february 197 l=January 1973. After correcting for atmos=-
pheric extinction the standard star obaervations were

used to determine the magnitude and colour transformation
coefficients by least squares method. The extra atmospheric
magnitudes and colours of the standard stars, and the
magnitudo and celour trnnufofnation coefficients are given
in Teblo 4. The differential mugnitudes (veriable -

comparison) listed An Table 35a and 5b are on the instrumental

systar.
be2 Timeas of ¥inima snd Period

From the photometric observations listed in Table 5a
and 5b four tires of prisery mialmum and two timeo of
secondnry minimux of HU Tau ares dstermined and are listoed
in Table G, On the basie of photogranphlic observautions,

S5trobmeier acd anigge {1960} detsrmined the following
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Blue observations of HU Tauri
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Table &4

4

Time of Primary Minimum of HU Tauri

HD el Cycle (O-C)‘ (U-C)2 Reference.
2500000+

25641.,300 7603 +0,030 +0,024 PG Strohmeier and
2600%.249 7426 *0.01% +0.008 PG Enigge (1960)
26806.279 -T231 +0,066 +0.060 -
26735.269 7071 +0,05%0 +Q.0b2 » "
26743.824 7067 -0,022 0,029 * »
27039.h92 <6923 =0,061 3,068 * "
21'0‘.297 -6893 +0.0%% 00.0“3 " "
27397.346 6749 - o303 -(,010 * "
28131.287 6392 +0.040 +0,032 = -
2893‘0323 "6003 "00025 -01032 . .
29‘9&0“88 -5875 -0.066 -0.073 " "
29196.341 <5874 =04 069 0,077 " "
34635.601  =3229 +0.080 *0,072 " "
36597.296 =227% +0,U64 +0,05% * L]
36599.269 -2274 «0,017 -3,026 * "
36895.“"9 =«2130 00.056 40.‘:’“7 . "
36899.483 -2128 «04023 -0,032 "
38733.741  =1236 +0,016 +0,007 Visual Robinnon(1965;
39169.664 <1024 +0,004 -0, 008 * " 21967
19194,.338 <1012 +0,003 «-0,007 " . 1966)
3I9492,501 = 867 +0,002 «0,007 ® " (1967)
h0981.261 - 143 +0,002 «0,008 PE Present Investi~
41012.113 = 128 +0.009 «JeOL ® gation
41275.310 o 0 «-J,010 ® "
h1707.14% «+ 210 +0.012 +0,002 ® "

h19Bh,. 7458 * s +0.012 +0,002 * DD, Wo0d =
41986,801 + 346 +0,012 +J,002 " Private Comuuw
§1990.914 + W8 *0.012 +0,002 * nication( 1977)
41992.970 + 349 +0e012 +04002 ® "
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HD Hel Cycle (O—C)‘ (O-C)2 Reference.
Times of Secondary Minimum

255101). 1h - - «0,002 PE Fresont Investiga-
‘706. ‘3 - - ’0.0‘5 " tion
1987.8) - - +0,002 * D.d. Wood = Private
1989.83 - - 000 @ comaunication
1991.94 - - Q.ud * "
3400, 508 - - 000 * Ebersberger et al

( 1978)
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rphemeris of {HU Taus
Hel. Min., I = JD 24256k1.28% + 29.056288E

ALl published times of primary wminims are listed in
Table 6. Dr. D.B, Wood (1977) communicated four times

of primary sinims and three times of secondary minima
from his photoelectric observations. Low weight {ias
glven for visual times of minima. A linear least squares
seclution of all the tiwes of primary minime listed in

Table 6 ylclds the following ephemeriss

Hol. Min, I = JD 4127%.320 « 2%,0562993E
24309 4 13

The residuals (o.c)j and (o-c)2 listed in Table 6 are
calcoulated from both thae old and new ephsmarides respec-—
tively. A plot of the residual of the observed times of
primery minima {Table h, (o~c)2) is shown in Figure 8.
There are no observed times of minima during

JD 2429200-2434%00. The scatter in the diegram is high
because of the low accuracy of photograyhic and visual
times of minima. It zppears that there is no variation

in the period of HU Tau,

&: y Ligat Curves

The problem which the observer of HU Tau encounters



cn
.

in obtalning a complete light ourve 1is that the period
of this system i» very nearly equal to two days. It

is, therefore, possible to obitain a coaplete light curve
at a single site only after several seasons of observing,
and hence our light curve suffers from this defect. The
helioccentric Julian day of obmervations ure sonvorted
into orbital phases with the new ephemeris given above,
The blue and yellow light curves are shown in Figure 9,
These iundicate asymmetry near the beginning and ending of
the primary ainimau. The shouldur of the light curve
near the first contact ls falnter then the shoulder at
the fourtn contuct., ITIhere is an increase in brightneas
immediately alter the primary minimum, Sizllar asymmetry
near the first and fourth contacts was found in the light
curve of U Cep (Battea 1974). DBolkadze (19356) suggeasted
that the seymmetry of the light curve is due to the
veiling of ithe 1lght of the primary siar by ges streams.
The same explanuaiion can be extended to HU Tau, sund
spectiroscoplic observations do support the existance of
g£as gtroams botween tho two staxrse. From the yellow 1light
curve, the depths of prizary and secondary <«clipses are
found tou bo J".825 and 0..06 respectively. The secondary
minima in vluz ocnd ycllow are very snallow, Ths socoudary
minfmum Lo the yellow Llijht curve 18 not sxmctly at J.5

phuze, The scaiter of the observaclouns in the phaso



d | I | | | } | |
+0.08p -—
[
"0-06- ® —
°
® [ ]
+0.04pF  * -
o
°
+0.02 —
hd °
0-00 -2
Se °
° °
-0.02 -
. °
v [ ] ®
-0.04= -
-0.0 6 -
°
[ ) .
0.081 * -
| ] { ] . 1 ] L
27000 31000 35000 39000
J D (hel)

Figg.The plot of the residuals of the observed times
of primary minima of HU Tauri



interval 0.5 « 0.75 is large and it is over and above the
ebservational errors. Observations of standard stars and
the magnitude differences betwesn comparison star and
check stars indicate the errors invelved in the observa-
tions are ¢ 0’.025. Such variability in the light
curves is not uncommon. U Cep (Batten 1974) and VU Sge
Csater and Pucillo (1972) and McXamara and Felts (1976)

are alse found to show variability from cyole to ovole.

hes Rectification

The rectificeation of the light curvos was made
accordling to tis method desoribed by Russell and Merrill
{1952} To normalise the lizht outside eclipss to unity,

a value of =0".20 znd +0".04 is subtracted from the blue

and yellow obLeservations respectively. YThe value of

externul tmngency 9 = 28° was determined according to

the grapghical method described by Russell and Merrill
(1952). Light veriations between the minima were represent-

ed by the Fouriar oxpansion

= Ao A1 Cos O «A_Coms 20 = 1

2 ain @ ¢« B

ain 2 9.

1 2

The values of the coefficlents obtained by a loaast squares
f1t are given in Table 6 together with their probabla
errors. <{oeftlcients of the sine texrus {Table 7) wore

found to be very smali. iAs the covarage of the light



fourier Coefficients for light outside eclipses of HU Tauri

7/

’

Isble 6

?iltor Ao

Al A2 B B2
Mu. 00988“ «0,01 16 -000‘76 - -
2 h e 16 2 23
0.9899 «D,0129 -0,0178 0.0023 =0,0018
2 16 = 25 s 2V =+ 27 2 9
fellow 0.9871 «0.,010% «0,0112 - -
* 13 = 14 2 19
0.9868 <=0,012% =0,0173 00,0070 0.0010
2 13 =2 16 2 15 = L4 2 28
Rectification Coefficients
Blue Yellow
c1 U.0116 00109
c2 0,038 0.0028
Z Je Ol Q.04

| S
i)



curves outside eclipses is fragmentary and because of the
insignificant sine terms, a second solution was obtained
including only cosine terms and these are also listed in
Table T, and are used to rectify the light curves. For
each colour the C coefficlients were calculated from the

expressions (Russell and Merrill 1952)

-

o= 3T ~. == 009 Tim o

)y =< ~~\D\)

Rectification of the light in each colour in eclipse was

performed with the equation

7 vy b Co (S0 O
= Co - Cy ot T4

‘e e e R

o 7 coT \ N )
Pog A Co 1 Part-Co P20

-

&~
{
!

and rectification for phase with

wvhere
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15— D%
Pl= 2.9, Drev~ L= 0 4

The limb darkening coefficient x = 0.4 is used
wvhioh is appropriate for the .poctrai type of HU Tau
and wavelengths of observations. After obtaining the
prealiminary solution the C coefficients were recomputed
from the Al coefficients and relative luminous efficien-
cies Ec and Eh of the cocl and hot components respec-
tively. To do this the luminous sfficlency ratio ;:

is obtained by solving the quadratic equation

2
7 Rty - [} ~ _
" E c \\ ~ [ A ’ Ll)?z‘l < ; (b c = — T;" S “\.—fc‘ - \\ - @
- — e~ - l..“ ——ye )
. [.; L\ (/‘ ".‘ ) £;\ _ b~ L\ Y‘L\

The final reotification ccefficients are given in Table 7.

olutio f the

Before proceeding with the solution itself, the
¢haracter of the eclipses needs to be determined, From
the observed light curves (Figure 9) it is clear that the
solipses are partial and the shape of the light curve 1is
similar to that of Algol's light curve. In a majority

of the Algol systems the primary minimum is an occultation



eclipse. From thej( functions (Herrill 1950) it wvas
vorified from the rectified data, vi.th the fact that
((n -0.8)<9( (n-O.B) and:}f (n-02)/

'x (n = 0.2) that the primary minimum is an occultation
eclipse. The depth and shape relations were obtained
for each minimum from the rectified yellow and dblue
light curves. No unique intersection of depth relation
with shape relation was found. Therefore, using the
depth relation e series of theoretical light curves in
yellow and blue are computed., in the depth relation

o h‘h{

f ) \ - J
S G S N

)

O\)

]

the parumeter O\} is also functionally related to the
ratio of radii, k , and to the geometric depth at mid=
eciipse, p,. Using the tabulated values of k (x, 9, po)
(Merriil 1950) :/mluon of k ocan be estimated, Using the
ky ¢ :Lmad C‘b found from the depth relation, a series

of theorotical light curves in yellow and blue wvere

computed with k ranging from 0,70 to 9.90 with an

interval of 0.02%, Aftor obtainiog & reasonable agreement

between the rectified and computed light curves the

rectified eclipse depth and the value of external



tangency were slightly adjuated and the above-mentioned
procedure of light curve computation was repeated. The
secondary minimum in the blue light curve is very shallow
and the intrinsic scatter of the observations is large
in the blue light curve in the phase interval 0.5 « 0,73
D.B, Wood (1977, private communication) from his
unpublished photoslectric observations indicated that in
the ultraviolet (Stromgren u) the light curve is quite
elevated around secondary eclipse, DBecause of the
acatter and shallow sc¢condary minimum in the blue light
curve, it 1s hard to estimate the reoctified depth,
Therefore, using the rectified depth of the primary
minimum in blue and C/;m and q, obtained from the
-olutﬁfn of the yellow light eurve, the rectified depth
(1 - 1:5 of the secundary minimum in blue is estimated
and is used in the light curve computation., The final
€eometric and photometric elements, which represent the
rectified light curves satisfactorily, are given in Table 8.
The computed yellow and blue light curves with the
elenents given in Table 8 and the rectified observations
( tho descending branch observntions are folded on to the
ascending branch) during the primsry minimum are shown in
Figure 10, Ths fractional luminositle. of the components
in yellow and blue after corraecting for reflection effect

are also given in Table 8., Thess have been computed using
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Geometricul and Photometric elements of HU Tauri

Period
External tangenoy
Orbital inclination

Fractional radius of the

smaller star

Fructional roadius of the
larger star

Katio of the radii

Limb darkening coerficieant

(essumed)

Bluo

(1-10)9 G4 %520
( ]-10}. 00038
L. 0.891
Lg 0. 109
L' ‘-309‘9

»
LD 0- -)B‘

€

Jn‘/Jn. 1eUS3

29,0562993
27°
77%1

0.221

C.284

0.778

Q.4

0.583

Yellow

04513
0.0h2
0.880
0.120
Q0.906
04,094
0,063

!

~

s



the following expressions
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The E = cosfficients are the luminous efficiencies

alreacdy defined above, The fractional luminosities given
in Table 8 are

{ / 1 LN
[ir T La o/ L T Ls
3 = Ty
¢y ! ! ¢ 1[. o
ﬂ — L (Lo ¥ =y
L pn s . }
) i

14

The ratio of the average surface brightness . / TSS

is computed using the expression

The provisional elements communicated by D.B, Wood
(1977, private communication) are i = 770.9 and the
fractional radii Y, = 3,206 and ﬂx,n 2,267, These
aloments zgree falrly well with the prasent solution,

However, d.3. Wood'a preliminary solution is besed on an

incompletaly observed primary minimum,



(V3¢

Computations were alse mande assuming that the primary
minimum is due to a transit eclipse., The complete
disagreement hetween the computed mnd observed curves

shows that the primary minimum is not a transit eclipse.

In the next section an analysis of the radial velocity
observations of HU Tau axe discussed aud combining the
spectroscopic orbitel elemunte and photometric elocments

absolute dimensions of the syctem are dotexrmined.
6 ectroscopic U T

Spectruscopic obLservations of HU Tauri in the blue
ana in the 4% reglon were mede using the 1020am Havalur
reflector and cussegrain spectrograph during the period,
January 1974 to December 1974, All the apectra were
widened to 400 microns and with a projected slit width
of 20 microns, A few spectira in the H o reglion were
widened to 800 microns. 7The bluoe spectra were obtaincd
on Faptman Xodak 10Ja=0 snd lla=0 (baked and untaked)
plates, The spoctra in the HOQ regsion wvere olktained on
Eastman sodak 098«02, 10Ja«E aud 103a«F plztes. Typical
exyosnure Limes were 30 te 60 wminutee for blue platos and 90

minuie for spectra in the &$L region.

Fifty spectrograme in the blue region {25%/xm at ﬂﬁf)

and twenty apectrograums in the HO" repicn (173/3&1) of



U Tau wers obtained. Some of the above spectira were
xposed for radial velocity determination and a few for
ipectrophotomatry., In all thirtyeight spectra were used
foxr the study of radial velocities of the primary compo-
xent, 4All spectra wvore measured with a Zelss Abbe
tomparator. The blue spectra cover a wavelength range
from 3700=4500. The wavelengths used for radial

. and ig,. The Hel

&
(4026,24) end S111 (4128.04) lines were found to be very

velocity moasurement are Hbf ’ Hg s B

weak and are not included in the measurement. The
successive coluuns in Table ¥ give the plote number,
esnulsion, tihe helioccentric Julisn day of obsurvation at
mideexposure, the phase computed using the ephemeris given
in Section 4.2, the measured radial velocity reduced to
the aun, and the residual computed from the elamente given

in Table 11,

Several radial velocity standard stars were observed
during the observations of HU Tau. Measures of these
plates provided the systematic correction applied on all
velocities of HU Tauri., Velooities given in Tadles 9 and

10 are on the standard system,.

Orbital elements

The preliminary sioments were obtuined by the Lehman-

Tilhes wmethod are:



V. = =16 um/sec
K = 62 km/sec
e = 0,16

W = 325°.%

To = Jo 24%1276.800h

and the atsndard deviation couwputed from the sum of the
squares of the reriduals is found to be ¢ 12.6 km/sec.

The preliminary solution indicates that the orxrbit is
eccentric, Mmmmano et al. {1967) determined the spectro-
scopic orbital elements of HU Tau, Thelir solution is
bused on the velocities determined from 53 spectra (42%/mm
at 1), The observations and the solution eof Mammano

et al. (1967) oleurly indicate that the orbit is circular,

Solution 1

Because of the observational evidence foxr the
presence of gaseous stream in the aystem (see Figures 2
and 12) the orbital eccentricity obtained from the preli-
minary solution is considered to be spuriouas. The present
radial velocity detesrminations seem to be diastorted by the
gaseous matter in the system., Because of clear evidence
for a circular orbit from the investigotion of Mamumano
et al, (1967) no attompt is made to solve for an eccentric

orbit. Thorafore, making the orbitsl eccantricity e = O

Eo



Ln the equation for the velocitics we have

\ — N S aﬁﬁ'Lm\'
\}& 40—’)" \ ;

using the valucs aof Vo and X obtained from the proliminary
solution the residuals in the velocities are computed and
the differential corrections in j)Vo and A X are

obtained from a least squares aolution using the equation

™

G by 4 BeesoHw
/_SJ/}_.~ .

S8eolution obtained in this vanner is given in Table 11 and
the computed velocity curve is shown in Figure l1la. The
valuea of Vo and £ gbtained from this solution are found

to differ from those determined by Mammuno et al. (1967)-

Solution 2

From Figure 11a, it is claar that the observed veloe
cities in the phase interval V.56 « VU,08 deviate systema=
ticclly from the computed curve. For this reason thowse
five points wvere exclucded and a fresh solution was
carriod out with @ = O anc the resulting orbital elements
ara given in Tab:le it and tha computed curve is shown in

Flgure 11b,
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Table 9
Velocities derived from the componunt of HQK 1line

Plate No. Emulsion Ji{hel) Phase :,‘ﬂt;::g
22000+

3008 093-02 161.537 0. 1949 -
3113 103-all 184, 199 2642 +273
293% 093=02 351.3248 « 2769 +24)
2382 " 051, 164 « 3056 +219
2396 " 0%83.22% « 3081 +240
2hok " 086. 143 +3163 +223
2431 093-02 060.272 «T349 -
2926 " 350.319 . 788k -

2403 . 054,268 8153 =208

Cu



golgtion ]

The velocities determined by Mammano et al., (1967)
and the velocitles determined in the present investiga~
tion are combined except those in the phase interval
Dae56 = 0,68 and a least sgquares solution was mede for
differentisl corrections AV, and MNKe The final ele=-
ments are listed in Table 11 and the computed curve is
shown in Figure 110, The atandard deviation is found
to be 9.6 km/sec. The residuals computed with the orbital
e lsaents obtained from 3o0lution 1, Solution 2, and

Solution 3 are given in Table 9 under (O-C),. (O«-(:)z and

(o0-c )3 respectively.

Why the velocities in the phase interval 0,56 - 0.68
are systomatically off, is not clear 7 Standard star
velocities determined from the observations made during
the same period do not differ significantly from the
cdeterminations made during the rest of the observing
periods The blue spoctrogram number 2991 and the HUL--
region spectrogram number 299% were obtained on the same
night with the same spectrograph. The former speotrum
1s at 3.,6141 phase and tho later is at 00,7035 phase. The
vealocity determined from E{)& region spectrogram (No.2998)
agrees falrly well the general trend of the velocity

variation at that phase, whereais the velocity determined
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to

from the blue spectrogram (No.29J1) is off from the
£eneral trend of velocity variation at that phase, Thus
the systematic deviation of velocitles in the phase
interval 0.%6 = 0,68 is intrinsioc. .Tho plausible
explanation that can be offerea in view of the svidence
for aircumstellar matter is that it is distorting the

line profile in the phase interval 0.56 = 0,68,

The } Py

The velooities of the primary component dstermined
from the qu absorption line ar:7;;v-n in Table (q. These
velocities were also used in the orbit computation.

A spectrogram (Ne.2382) obtained on 3rd January 157h

shows & violet -hlft?;road snission feature, The peak
velocity of the emission feature is found to be ~600 km/wec.
This apectrogram was obtained on Eastman Xodak 098-02
emulsion like the rest of tha Hvﬁ plates. A few spectra
in the Hd\ region wvere obtained on 103a-E and 103a-¥
enulsions. The spectrogram of JIrd January is well exposed
for spectrophotometry and Lt is widened to 830 microna.

The exposure time is 89 minutes. The violet shifted
suission feature extends very much into the viclat wing

of the qu 1ine. This emission feature is abaent on a

plate taken iummediutely after one orbltanl period. This



iadicates that tho emission i3 subject to transient
temporal changes. Such variations in intsnsity from
cycle to oycle have been found in RY¥ Tau (Joy 1947) and

U Cep (Batten 1974 and Batten et al. 1975). The large
ne;utive velocity derived from the smission feature
indicates that the material is being ejected from the
system at & high velocity, Anoéhor posslbility is that
-the B9V component possessed a transient disk which is
expaniding and from whichi some matter has probably left
the system, The same spoctrogram takeun on 3rd January
1974 shows absorytion like feature towards the red side
of the u?( absorption cors., This can be interpreted in
two ways. Either we are seeing the qﬁ\ absorption line
of the secondary, or the sharp emission feature due to
the gaseous stream which is falling on the red edge of ud;
line is creating an impression of aun absorption line. The
magnitude difference between the two componsntis from the
solution of yeliow light curve is found to be 2..26 and,
therefore, it is unlikely that we eare avle to see the
secondary componeits HC/ abeorption. This feature is

~N

seen on several i, plates while on some of the spectra,
AN .

it iz completely sabsent., The Hc& spectrum obtained on

29th October 1974 (plate X0.2926, Phase . ,7784), has an

asymmetric profile but there is no svidence for the presence

of absorption-iike features om either wings of “C/' whereas



;th. spectrum obtained on 6th January 1974 (Plate No.2u03,
phase 0.8153) shows clesrly that this absorption like
feature is violet ghifted with respect to the HD’\ absorpe
tion. From the above discussion, 1€ is evident that we
are not seeing the "O{-\ abgsorption line of the secondary
component. The interpretation is that the emission due to
the gaseous streasm between the two components is filling
in the wings of 1 < line at quadratures. The asymmetry
of the Hc’\ density profiles and their wvariation from cycle
€0 cycle and ths violet shifted tl.axpo like event noticed
on tha 3rd January 1974 (plate No.2382) give ample evidence
for the presence of gas streams between the two components.
No emission was detocted on the plates taken during the
miniomum light of the primary sclipse., lio sodium lines
were Tound on the spectra taxen in that region. 7The H A
line at phase 0,6177 is found to be broad and shallow and
around the sume phase interval the velocities are systema~

tically off,

Struve and Sahade (1957) found emiasion in the spectrum
of Algol. This emission was observed at quadratures and
is & faint, broesd band bordering the red edge of Hvz\ and
H {} . Later Struve, Sahade and Huang (1957} reported that
there might be emission between the two components of HGA\ TN 50\1

speeruws YL { ey,
Emission at quadratures and apparent line doubling was



also noticed in the spectrum of U Cep (Batten 1974,
Batten and Laskarides 1969). They have suggested that the
apparent doubling of hydrogen lines isg due to partial
filling of the absorption line dy emiesion originating in
the gaseous siream that flows from the coovlexr star to the
hotter star. Betten (1974) found the equivalent wicth of
the hydrogen lines to be less when they are geen as
double then at other phases. Similar variation was found
photometrically for the intensity of HOQ in the apectrum
of Algel by Andrews (1967) which he ascribed to emission
partly filling up the line. Batten (1974) found it diffi=-
cult to interpret the doubling of hydrogen lines in U Cep.
He had found that the line doubling in U Cep 4s not only
noticed for HVK' but foxr all other hydrogzen lines. DBatten
found that the velocities determined from the hydrogen
line components agree with the expectad orbital veloocity

of the U Cep secondary,

The veloclities determined from the qu component of
HU Tau spectra are listed in Table 10 and they seem to
ngree with tho expected radial velocity amplitude of the

socondary component17
8 Abso domens of HU Ta

Combining tho photometric elements (Table 8) and

the spectroscopic orbital slements (Solution 3 Table 11)

Fee
f e



masses and dimensions of the components of HU Tau are

estimated,

The relation between Lkoche lobe radius and mass

ratio 1is

| e ~
‘l\ g R_/O’\B@ __f_o,‘l .,\3"6 % .
).

/

where A is the separction between the conters of the two
components with masses -y and ", respectively, XY ia the
Roche~-10obe radius for the star with mass mqe Assuming
that the secondary ocomponent has fillod the Hoche lode

the mass computed Crom the above e quation is found to be
"2/"1 = 0.33. The spectral type of the primary component
of HU Tuu is B9V, The mess of a B9V star is luo (Allen
1973). Using the mnse ratio mzlu‘ = 0.3) and m, = h, the
mass of the secondary is found to ba 1,2 n&' The masses
obtained from the mass function, according to the method
of Kopal (1959) are found to be m, = be3 M, ond my = 1.2 ¥,
and are also consistent with the above values. If we
acceyt the velocities determined from the 34\ absorption
component to reuresent the orbital motion of the secondary
component is found to be 234 km/sec, snd the mass ratio
naln' - x,/x2 w 0,27, with m, = 4o8 M, and m, = 1.3 H,.
Surprisingly these values are consist with the masmes

determined from the above mentioned two methods. The
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14

final absolute dim-nsionl'or HU Tau are given in Teable 13
together witihh the absolute dimensions of Algol and gvbib
for comparison. Algol and 5 Lib now have well determined
absolute dimonsions Tomkin and Lawbert (1978), Tomkin (1978).
Comparison of the radii of the components of HU Tau with

the Rochwe lobe radii given in Table 12 clearly indicates
that the secondary component has filled its Hoche lobe.

Thus HU Tau is a typical Algol system with guas stream

flowing frum the sevondary to the primary.



CHAPTER 9

SOME FUTURE NEEDS

In the earlier chapters of this thesis we have
demonstrated that (1) the chemical composition of the
sacondaries of Algol systems U Cep and U Sge is nermal
and (2) that these secondaries have sizeable chromospheric
ouission as detected by filling in of the Call triplet
in the near infrared, Thl; conclusion elininates the
possibility of the normally obasrved UV excess as due
t0 metal deficiency of the secondary star in both systems.
Other explanations for the UV excess can of course be
chromospheric activity of the secondary or a contamine-
tion of the colours of the secondary by an extended
envelope surrounding the hot primary and which is not
complately eclipsed during the totality phase. The
observutions made by Batten of an outburst in U Cep,
both in and out of eclipse, seem to rule out the possi-
bility that the UV excess cbserved in the total light
of the system stems from the chromospheric characteristics

of the secondary,

It does not seem possible at this stage to comment

conclusively on the last possibility mentioned above and



and thereby explain the UV excess interms of the extended
envelope around the primary. Algol systems have large
scale intersction between the two components that are
interpreted in terms of massflow and circumstsllar
envelopes. A new system, added ni s Treault of this study

to the Algol family, HU Tau, demonstrates theass features.

Much remains to be done in this very interesting
area of research on ¢lose binary systoms. The determinae
tion of masses of the secondary componsents in both shors
period and long period Algol systems, 1is a necessity. In
making such studies one has to be caraful in evaluating
properly possible oontribntion- from the gasestreams that
might affect the results of the study of the velocity
curve, Further analyses of such systems of different
periocds would beée most useful, since, the luminosities
for the secondaries of short period Algol systeme, seems
to be much in excess. A study similar to the one carried
out here, using hi;h resolution spectra during totality,
especianlly aimed at determining CRO abundances, is one
that is very important for the determination ef the
nature of the mass exchange experiented by the system
since its formation. As technological developments
prozresasively bring such studies within the realm of

distinct possibility, it 4is necessary thut one takes



(J

fantage of the situation in evaluating whether studies
the CNO content can be used for deciding on the

cilutionary scenario experienced by the system.

Our results have shown the presence of considerable
romospherio emission associated with the secondary
mponent, It is unfortunate that a simultaneous
pxaisal of the intensity of this emission in the
olet region with the aid of the H and K 1lines was not
ssible. A requirement for future study is obviously
® Aintensity of such emission which can be definitely
soaiated with an origin from the secondary and perhaps
ena a atudy of time dependent changes of a short term

dong term nature, of such a chromospheric characteristic.
sdimilar approach confined to the study of the Lithium
ne at 67084, especially during totality would be most
eful.

These are some of the major areas in which availability
- dnformation in the form of reliable observations and
sound theoretical interpretation would aid greatly our
derstanding of the evolution of the Algol systems.
ex® is much that can be learned and which is within

Latively easy reach of present-day capability,
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