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FREFACE

The main aim of this thesis has been to suggest a

model of non-conservative evolutionary case of close binary

systems.

In Chapter I the subject is introduced in a general
way. It is intended in this chapter to propose the definiticn,
classification and physical properties of close binary stars
with reference to the Roche moedsel of such stars. The origin

and the thecry of evolution are also introduced.

Chapter II is concernsd with the geometry of the Roche
e2guipotential surfaces which clarify the limits of stability

of the Algol tyope systems through the evoluticnary stages.

An analytical discussion of the mass exchange problem
of Algol-type stars is given in Chapter IIX, with the assump-

tion that mass and angular momentum will remain preserved.

In Chapter IV a numerical scluticon for the nen-conser-

S

vative model is given. Mass loss and mass gain relations are
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“Via

derived. The fate of mass transfer and/or loss as well as
the rate of orbital angular momentum of the binary system
have been found during the evolutionary stages. The results
obtained for the non-conservative model have been represe-
nted graphically using the data of the semi-detached Algol-

type binary system R.Y.Persei.
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CHAPTER I

BASIC CONCEPTS OF CLOSE BINARY STHRS

1. DEFINITIONS AND PHYSICAL CONCEPTS:-—

We are going to start by giving some definitions and
physical concepts which will help us to understand the struc-

ture and the processes of evolution of close Binary Systems,

1.} Double Stars:

They are stars which appear, to the naked eve, as a single
luminous point, but when viewed through a telescope they are found
to be composed of twe distinct stars. The two stars may be conhec-
ted gravitationally (e.g. Binary Systems), or they may be ac diffe-
rent distances and are far apart but nearly on the same line of
sight. This latter type, where there is no physical relation bet-

ween the two stars, the system is called an "Optical double”.

1.2 Binary Systems:

2 binary system is defined as one which consists of two
stars that describe closed orbits around their common centre
of gravity, under the influence of their mutual gravitational

attraction.
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A binary system is said to be "dlosed" if either compo-
nent expands during its ewvolution to such a degree that it fills

up its "Roche lobe" (See, §3 below) and mass exchange, between

the two stars, takes place.

1.3 The Hertzsprung - Russell Diagram;:

The H - R diagram is recognized as a powerful tool for
the study of stellar evolution. It represents the relationship
between spectral types, for the stars of known distances, and
luminosity. This diagram is alsc known as a colour - magnitude
diagram. In the H - R diagram, stars fall in four main regions:
a band, which contains the majority of the stars, called the
main sagquence and three other groups called giants, supergiants
and white dwarfs. The main featurses of the Hertzsprung — Russell

diagram are represented in Fig {(1-1].

2. CLASSIFICATION OF BINARY SYSTEMS:

According to the methods of observation, such as: ostro-
metric (measures determining positions), spectroscopy (measures
of radial welocity], and photometry (measures of light intensity),

binary svystems can be divided inte the following groups:
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Fig.l.1l. The Hertzsprung-Russell Diagram

C
Central Library - Ain Shams University



Astrometric or Visual Binary Systems: These are binary

systems whose comporents ars seen in the telescope to
be clearly separated. In most of these cases the compo-

nent separations are relatively large, and the orbital

motions are slow.

Spectroscopic Binaries: The two components o

+

thase systems

are so closs together that they can aot be resolwved optica-
1ly by a telescope. They are only detected by the variation

cf their radial velocities.

Photometric Binaries or Eclipsing Variables: These are

oriented s¢ that the two components =clipse each othar

as seen from the Earth.

211 eclipsing binaries ars at least potentially spect-
roscopic binaries. Some visual binaries can alsc be profi~
tably cobserved spectroscopically. Only few binaries can

be observed in all three ways.

Many schemes for the classification of photometric
binaries have been proposed by different astrononmers
depending on different basis such as Krat in 1944, Struve in

1951 , Plaut in 1953 and Sahade {19860).

A well recognized classification based on a comple-

tely different principle, is that given by Kopal {1955).

N
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The Roche Lobe:

{i]

Kopal's classification {1955} of binary stars is
hased on the consideration of the grawvitational poten-
tial in the space surrcunding a binary system. The pre-
senceé of a companion star in the c¢lose neighhourhoed
of another star necessitates an upper limit for the size
that this star can reach. We are going to show in chapter
IIT below that this upper sige-limit usually corresponds
to one of the zerc velocity surfaces cf the restricted
three body problem. The relative dimensions of this sur-
face are completely specified by the ratioc of masses of
the two stars. This surface i1s usually referred to as
the Roche Limit, while some auwthors prefer other phrases
such as "Lagrangian Surface” or "Limit of Stability". Ia
the present work, this surface will be referred to as
“The gritical surface", and the wvolumes enclcsed by the

two components will be called the "Roche Lobes" lsee Fig.l.2}).

Aocording to Xopal's classification all binary systems

are divided intc three greoups {(see Fig. 1.3}:

Detached Systeﬁs:

Systems in which neither component f£ills the Roche loke.

s
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Fig. 1.2. The inner and outer Roche limits
in close binary systems consisting of two

components of egual mass.

Fig.l.3. A 3chematic view of the three
principal types of close binary systems:
{a) detached systems; (b)) semi-detached

systems; (c) contact binaries,.

>
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