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It is proposed here that the orbital angular momentum
of binaries may be dissipated through mass ejection along
magnetic lines of force. It brings the separation of two
component stars closer and closer, such that in some cases
contact binaries, 1like L W, UMa systems, may be formed in
this way,

If the diésipation of angular momentum continues after. .
the two components come into direct contact, the course |
open for the binary is to transfer mass from the less
massive to the more massive component. Three observational
results -- (1) the mass ratios of the W UMa systems, (2) '
the negative correlation between the axial rotation and
the frequency occurrence of spectroscopic binaries in
different clusters and associations, and (3) the stars of
hydrogen-poor and helium-rich atmospheres -~ are discussed
in the light of this suggestion. Finally, a general scheme
of interrelationship among stellar objects is advanced
according to.the consideratife of angular momentumn.
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I. Introduction

The contact binaries, like W UMa stars have been
found abundant in the galactié system (Shapley 1948).
However, their formation remains a great mystery, because
the two components simply could not have formed so close
together. Otherwise, the two stars would have engulfed
each other during the pre-main;sequence stage of evolution.
It is then difficult to envisage a separation of two
gaseous spheres from a single one.

Many theories for the origin of close binaries in
general have been proposed (e.g. Hynek 1951, Huang 1966).
For the contact binaries of W UMa types we face three
possibilities: (1) fission from a single rapidly rotating
star, (2) contraction of the orbit in a resisting medium,
and (3) evolution from other close binaries. Most
astronomers have ruled out definitely the fission theory.
Indeed, even its strong advocate admitted its difficulties
(Jeans 1944), although recently Roxbough (1965) has revix%ed
it. i

The idea of a resisting medium which dissipates the
dynamical energy of a binary system and thereby reduces its
separation faces the fact that in the interstellar medium
the densities are not high enough to do the required work
(Huang 1966). Regarding the third possibility Struve (1950)
has suggested that the contact binaries of the W UMa type
are the product of evolution of more massive contact binaries
such as U Coronae Borealis which is supposed to owe its
existence again to fission of rapidly rotating stars. Hence,
Struve's suggestion does not go beyond the fission origins
for the contact binaries. In view of the difficulties
entered-by the two conventional theories, we shall present
here a theory for the formation of contact binaries based
on a new mechanism of angular momentum dissipation whose

importance is only recently realized.
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 There is increasing evidence that intense magnetic
activities prevail in the early stage of stellar evolution.
Several empirical results which are otherwise un-explalnable
can now be understood in terms of electromagnetic inter-
action taking place on the stellar surface. These theories
have been recently summarized (Huang 1965b). 1In particular
we should mention the over-abundance of lithium.in T Tauri

‘stars as compared with its proportion in the solar atmosphere

(Bonsack and Greenstein 1960; Herbig 1962). According to
Fowler, Greenstein and Hoyle (1962), this anomaly arises
from the spallation process that proceeds on the surface of
these stars; the high-energy particles, dominantly protons,
that are responsible for spallation are supposed to be
accelerated by the same electromagnetic force that produces
other phenomena, such as flares (Poveda 1964), ejection of
matter (Herbig 1957), etc. Finally, Wilson (1963) has
found a probable correlation between chromospheric activity
(as seen from the H-K emission) and age in main-sequence .
stars in the sense that the activity decreases with age.
Following what has been found in the solar chromosphere
(Babcock and Babcock 1958; Osterbrock.1961), he has also
suggested that magnetic field strength over the stellar
surface may determine the strength of H-K emission. If so, there
fugt be-i a strong field in the early phase of stellar
evolution, agreeing with the conclusion obtained from other
considerations as we have aiready seen.

Ionized particles ejected along the magnetic lines of
force that rotate with the star acquire a large amount of
angular momentum. When these particles are lost to the
system or are absorbed by the surrounding medium, the
angular momentum they carry is lost to the star. The loss
of angular momentum in this way provided an effective means
for braking stellar rotation (Schatzman 1962). Indeed,




we have found that the statistical behavior of stellar
rotation seems to dgree with the concept of braking (Huang
1965a) . Now if the spin angular momentum of the star can
be dissipated this way, it is equally likely that the orbital
angular momentum of a binary system may be similarly dissi-
pated through electromagnetic interaction. Here we see 'a
means to bring the two components of the binary together
more eifectively than a resisting medium. In fact this
appears to be the only reasonable way that contact binaries
that abound in the solar mneighborhood can be formed. 1In
the following section we will develope a preliminary

theory for the origin of contact binaries based on this

idea.

II. Formation of Contact Binaries

i Consider a binary system whose two components are
revolving around each other in circular orbits for the sake
of simplicity. Let the separation between the two com-
ponents be a. Hence, if we denote by M;, R;,R/k; (i=1, 2)
respectively, the masses, radii and radii of gyration of
the two components, the total angular momentum of the system,
33f; becomes
¢ “w s

> = /3R a

0% Z ‘IA. A T 4 (L
where

MMy T
MM,

252 . v )
- = MR (=h2) T

while(dl and a)z are respectively spin angular velocities
of the two components and w angular velocity of orbital

revolution given by

4 A



with G as the gravitational constant.

We shall study separately three idealized cases of
binaries whose angular momentum is being steadily dissipated.
(1)‘The radii, Rl and R2 of the two components change
with time according to gravitational contraction but the
two components are so far apart that the orbital motion and
axial rotation are not coupled. This case perhaps applies
to the early stage of drifting together of two components
in a binary of a fairly large separation. (2) The radii
R, and R

1 2
rotation are synchronized. This would be the case when

are constant but orbital motion and axial

the two components have reached the main sequence and their
separation has become gquite close. (3) The two components
are already in physical contact. The first two cases

will be discussed in this section leaving the third one

in the next section.

Case 1. Since spin and orbital motion are assumed
to be unrelated, we may forget about the terms I Iiwi in
equation (1) in dealing with orbital motion. On the other
hand we must consider time variations in R1 and R2 and
perhaps also in the luminosities, L1 and Lz, of the two
components. .

Let us first consider the variation of R1 and R2.
According to Hayashi's (1961) theory of evolution for pre-
nain-sequence stars, the evolutionary track on the H-R
diagram is dominantly vertical and their internal structure
is based on convective equilibrium. This is especially
true for the late stars. Hence, as a simplification, we
shall assume the effective temperature.., Ti’ of the com-
ponent. to be constant in the entire course of evolution'
towards the main sequence. During its contracting stage,
the luminosity of a star is supplied by its gravitational

energy,

(] =-d M (4)




where o is a constant equal to 6/7 as long as the star
remains in the state of convective equilibrium. We now
assume that although it carries away a large amount of
~angular momentum, the mass ejected from the star is negli-
gible. Therefore, in the following treatment we will

take Mi (i=1, 2) as constant in the course of evolution.
It follows that the change of gravitational energy is only
through a change in the radius. TFrom the virial itheorenm
(e.g. Chandrasekhar 1939) we have

a—

&

2 f\’j 41

z ..
f o (?:M, i—fL - - L’/. ).,,,' (£=1, 2) (5)

where the ratio of specific heats have been set equal to
5/3 and the luminosity of each compomnent, L., is given by

/:"2 LL ; —
=Tl o T (i=h2)

(6)
0 being the Stefan-Boltzmann constant. Since the effective
temperature, Ti (i=1, 2) is assumed to be constant during
evolution, equations (5) and (6) then yield
'-:)—3:,_,73 _——_—A n’ : (’{ 14
i\ h, L < &0)
A 0
where
' . A‘/f_l ! L.
of ¥y .
o= ST (i=l,2)
4 R 4wk o (8)
4o ! Lo ~

-is a time scale related to gravitational contraction and Ri o

is the value of Ri at t = 0.
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Next we consider the rate of angular momentum
dissipation, which must be directly proportional to the
rate of mass ejection. The latter likely increases with
the luminosity because it is perhaps ultimately due to the
convective energy flow that activates the mass ejection.
Also, the rate of loss of angular momentum must be pro-
portional to the angular velocity of the star, because
the angular momentum carried away by ejected mass along
the magnetic lines of force that rotate with the star is
directly proportional to the stellar angular velocity.

Hence, we may write

2 o [NV
e f2 <3 —
qulk,’ - _{J )
f A Y ._: L,[O
7y \ 4= ! (9)

)
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where Li,f\represents the luminosity of each component
(i =1, 2) at the final stage of contraction (to be identified

as the main sequence as an approximation). In writing
I
this way /z, may be taken as the average effective radius

(from the center of mass of the binary system) of points

at which charged particles are decoupled from the magnetic
lines of force. One of possible decoupling processes occurs
when the charged particles enter 1nto a cool medium of
little ionization. The fterm rj‘L ; ch )= denotes the
rate of mass ejection from both components w1th the index

n likely to be one. IHence, ﬁ has the dimension of mass.over tine.

Integration of equation (9) with the aid of equation (7)

yields
N ? A
2— a g <_2‘ ) I’f ..:O)zlvr ;/6/{. 1\ ]\
N - ————— 1’ SRR, ! ey e —_
== & e ) LA J (10)
S==iL Y ;;g L A



where

B,
/ ) T ‘
R A was. = S5 /
Y = [ - ’e_:__z .
f/a v (11)

+h

o

=

2y being the initial value o

f we donote by m the mass ejected by the two

-t

components, we have

27 LYY

I N S = i
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‘e can easily integrate equation (12) in the same way as

uwation (9) and obtain indeed the same summation as that

(¢}
2

appearing in equation (10). Combining the results, we

derive a simple relation

R
N e
.~ '/
) .L_‘.- ::Z/V
z
-x = T2 ‘
R
' 4, (13
154
2

which is independent of n.

Eguation (10) describes in general how the two components
approach each other as a result of angular momentum dissipation
and is valid before either component reaches the main-
sequence, i.e., for t iess than the contracting time scale,

t . which may be obtained by setting Ri equal to its main-
seﬁqence value, R, ¢, in equation (7).

Let us considér a special case of M1=M2 and n = 1.

. If we denote ¥p 28 the

2%

Write A.=A,= T =t = R.=R,=
rite A4 7\2 X, €17 %o tC’ 1=Rq

<

value of x when both components have reached the main

®)

sequence, it can be easily derived from equation (IC) that
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{7 jJi-l 1= A ) (15)
and
i 52 L
L= Do /% _
0/.‘{7_[_ (15)

is the contraction factor of the radius. Equation (14)

gives the variation with time of separation from == 1 to

:(r =3~Cf for different values of r. Hence,rT in-tf’:{"-/.‘,g/) afféc;bs onj_y‘.

1ightly the manner in which x decreases from 1 toixf. ‘The
actual amount of decrease in separation is determined by

Xp which is given by ,
2 2t A v

-~ ——
Ve 30 =
——

AN 7
R T A (17)

e

Cbvicusly, [, is also related to the net angular momentum

NN

denctes the orbital angular momentum
at t = 0, the total dissipation of angular momentum in the

interval t_is given by
c

A ND hordl

/ R - i : —Z
4 .50 = 'Juiog\! L /j, (18)

which, together with equation (17), gives a relation between

j}é}i/ and’ti. if we now combine equation (18) with _
equation (13), the following relation is obtr ned between
mass dissipate and angular momentum dissipat BN
o o B Y
AdL - {i- i 3T
NS - ¢ e (19)



In order to reduce E?t, by an appreciable amount,./ g’ £ 07
must be of the order of ome. If 7)?;/ <<l as has been
assumed, /g/éo nust be much Greéter than one. IHence
the critical point of the present theory is the value of/}y
If we assume'that during magnetic activities in the early
phase of evolution, the magnetic field prevailing on the
stellar surface is of the order of 104 gauss. As a dipole
field it decreases with the distance, d, according to d~ 3
Hence, at a distance of 10 R the stellar field will reach
the same strength as that of the interstellar magnetic
field, say 10"5 gauss. (Chandrasekhar and Fermi 1953)
Therefore IO?R may be the upper limit of /V . Hence,

if 4, ;7!{fE{ , the proposed mechanism of braking
orbital motion is not expected to be effective. Most
likely only binaries with !m ' i< J0 52 <. be brought
into contact by magnetic braking. On the other hand, we
should remember that in the early stage of evolution the
stellar radius R is large. This fact enhances the
effectiveness of the suggested mechanism for converting

close binaries. into contact ones.

Case 2. We no longer assume contraction of component
stars. Hence, the rate of angular momentum dissipation may
be taken as constant vtecause of the constancy of lumi-
nosity. But now the axial rotation and orbital revolution

are taken to be synchronized. If we denote I1 + I, by I,

, ¢
we have the equation for angular momentum as

3
Id G ‘

J i ol , .
fiff + o MO DT —-j/”/ ¢J -

\)

Z

i dm

2ol
{I-:ﬁ'/" E o

ll A ’ﬁ" f 4 ’v

?
o

(20)

if the total mass ejected is very small compared with the

stellar masses. Integration of equation (20) yields

\=-2C — .-————-,S/}Z/]; - . (21)



wnore % and 7. are given by e qua tion {11). Ilence the tirne

sczle that the binary will becowme a contact one is of the
ﬁ/- . o S 4 +

order of i/~ . The separetion, x, o* the two component

; e o " - 1/2

decrcasecs from 1 first like (1 - At/g: and then more

rapidly when the logarithmic ferm becomes apgreciable.

hout violating the stellar structure

B

because a high rressure devolozes at the surface of conteact.

sZctually the vinery will follow a course that meets the least

v

(¢

P

ance &s well as satisfies the conditicn of decreasing

~
o

ot

sis

anpular momentuwi. One can easily see that the course is to

»
1
<
®

n tne surfisce layer of the less mas

Fh

reriove the mass

corwonent to that of its corpanlion. This may be regarded

as a fussion phase of evolution of contact binaries.
Let us assume the two components to be main-seguence

stars so thet they satisfly the mass-radius relation,

D 0 7

= /V - ( ,;,{. =4 ) Z)

,4

T

:1\ - 3 ’

& ’ (22)
- obtained by Russell and Moore (19LO) if 14 is expressed s solar unit.

"

Hence the scparation betwesn the components at any tlme b

)

< - - 0«7 0'7 3
. 7 . 7 N 3 y
a =K T \o = ( ,@/j’ + fyf_) /} (23)
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Integration of equation (25) gives
)

T
Z'*;“I,;n/{:‘\,__@ {’\_—!: x (29)
MEPG- TR

where Z
105)=] f65)45

and ?o is the initial value of 3 .

Since it is always in the direction from the less to
the more massive component thet the mass flows in the couwrse -
of angular monentum dissipation, ??, % always. This
explains the lower limit adopted in the integral defining
0 (x)

Table 1 &ives: functions ([O[;) s defined by egquation (30)

{
as well as ’\f(x)

'\}/(g) _ §0°7+ 70‘7 | J

(31)
which is related to the separation of the two components by
o.’-’] '
a=Ry M7 V)
’ (32)

1

Ao
The case of 2;[ correspondsAthe disappearance of the less
]

b4
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massive component. Ironically by annexing its companion the
mére massive component is overtaken by its own instability,
because it can be easily seen that at the mément of complete
mérging of the two cormponents the resultant star is rotationally
unstable. ilowever the rotationally unstable star hes less
angular romentum than the pfeceeding state of being a contact
binary with a large mass ratic.

The total time from the first contact to;the.compiete

disappearance of the less massive componesnt is equal to

£o= M (o) -0ig)] -

53

For two stars with equal masses in the beginning,'4;=='§j

L |

n
>
S

} 2 o 4 . .
from Table 1. IHence A increases with 1R provided that T

does not vary with M. Actually if the ejection of mass is
Girectly related to the luminosi'y,jéwnay decrease with mass
because of possible higher rates of dissipation of angular
monentum in stars of higher luminosities. liHence a more
definite statement can be made only after we have understood
quatitatively the actual loss of angular momentum through
mass ejection.

Thet the mass flows from the less to the more massive
component in a contact binary during & gular ﬁomentum

dissipation is due to the mass-radius relation given by




o

equation (23). This makes a decrease of seéeparation,

+

= R)
correszond to a transfer of mass {rom the less to the more
massive component. Only in this situation can we maintain
tfo separate stars even when they are in contact. If it

should happren that
' M wilh 37/
Ro
The more masslve corponent will literally swallow its -
com panlon at the very beginning of the contact configuration,
instesd of slow esccreting mass from the latter. Hhowever, it

does not apvear that the condition 2 >l corresponds to

any realistic case.

IVv. Discussion

While the'present suggestion for the formation of
contact binaries is ideally sound because it 1t based
entirely on known physical principles and empirically
supportable because we do find evidence of magnetic activities
in the early phase of stellar evolution, we would still like
to find some other empirical confirmations. This is &

ifficult task. However we may call the attention to some

observational focts which appear to be consistent with the

We have mentioned that mass must flow from the less to

iguration if the

Hy

the more messive component in a convact con

(0]
[

angular momentum of the system 1is being continuously dissipated:




Zence unless the dissi;ation stops just when two‘stars of

the masses of Two components
in a contact binery will in general differ from each other

In other worcs the crance of Iinding two component stars of
egual masses in contact binaries?must be very small. Indeed,
if we now examins the mass ratio.of & Uia stars, we find

that ealthough the two components have usually similar
spectral types their masses are never equal. In Sahade's

on there are listed 15 ¥ Ulia systems

£

(1862) recent cowpilat
with known masses for both components. Table 2 gives the

distribution of the mass ratio }j/lp op these 15 systems.

If we further remember thet binaries of egual masses are th

casiest to be detected, the distribution as given 1n Table 2

shows clearly the avoidance of mass ratio around 1 by these

inery systems. On the other hand when we examine the mass

o’

retios of non-contact

components of egual messes are guite common. As examples

e may cite YY Cem, R Uilg,and #2 Crh, all
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we2rlv one. Thus the difference in Ttne mass ratio found
vetueen non-contact binaries and contact binaries speaks most
Tavorably for our present suggsestion.
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An obscrvational result that has so far baffled us 1is

2 certain inverse-rclationship between the freguency cccurence

ol spectroscopic bineries and the state of axisl rotatvion in



vhe cluster was known to be above the average vglue dervied

m

from field stears of the sﬂ@e spectral Types. This puzzling

relation has been xorc clearly sucwn in a recent peper by

ot and lunter (1962). They have not only confirmed Smith
I 2R

for

IS

phenorenon, nawmely those clusters whose stars are low in the

’

3

the Dleiades stars but glso found a reverse

»
iad
o}
(/
<l
=
o
<
(¢
v .

fovs

observed rotational velocities contein high percentages of
srectrocopic binaries. They have derived tals conclusion !
from a study of three groups of stars -~ the I Lac and I Ori
associations and the & Per cliuster. Later, Abt and Snowden

(19684) have further conformed this result in the cluster IC

stars, the same result has been obtained by lclamara and
Lersson (19562) and licllamara (1863).

Puzzling as these rssults seem, they can 02 understood ‘
casily in the light of the present theory. e have suggested

thie decrease of separations of non-contact binaries and the

- o I} Fal N 2
te nal stars &s & result of the loss of angular momeniun.

angular monientunl, such &s the presence of a geseous medium 1n



The surrounding, we would exgect many srectroscopic binaries

to become ragidly rotating stars in this way. This may be
the state In the Fleiades cluster. On the other hend if the
dissipation is unfavorable or the associations or clusters
are so young theat little dissipétion has teken place, the

r

’_J-

n the

| ]

rcentage of spectroscoslc binaries will maintse

original prorortion. Such mavy be the case in the associations.

ecd the exact, cause
ﬂaFdA%

for the nsgative correlation between ropulations oqmrotaEing

o

We do not clain at present that this is in

stars and of spectroscoric binaries, dbut we must be irpressed
oy the simplicity and naturalness that this phenomenon may
be understood in terms of our present theory. Abt (1983)
nes s> suggested that the slowness of rotafion in those groups
of stars where speciroscopic binaries zbound may be due to
the tidal interaction. While this males the difference in
rotaticnal velocity understandable, 1t does not explain why
in the first place there are more spectroscoric pinaries in
some clusters and associations than in others. In any case
whetever is the true cause, thilis negative correlation between
two kinds of stellar objects botix possessing 1arge zriounts
pron :
of anguler momentunm pointsAmost clearly that the latter

hould be viewed in an overall manner instead of being dis-
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