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RESEARCHES ON TROJAN ASTEROIDS

B. Erdi

Department of Astronomy, Eiitviis Universityo
H-1083 Budapest, Kun B6la t6r 2. Hungary

Abstract

The author's results on Trojan asteroids are summarized. First a theory of Trojan
asteroids is described and then several applications ofit in studying various perturba-
tions of Trojans are shown. The main topics are: longperiodic libration around Ia
and L5, variations of the mean motion, motion of the perihelion, critical inclination,
an invariant relation of Troian asteroids.

Pes,oue

B pa6ore upeAcraBJIeIIbI pe3yJrbrarbl, noryqeuHhre aBTopoM npLI [ccneAoBaHrrrr
acreporrAoB rpyrubr Tporruen. Cna.rara ourrcbrBaercf, Teopnc ABIrxeHr.IrI acrepol{-

AoB rpyrrubr Tponrqes, a 3areM Aaerc.f, HecKoJrbKo ee [pI,IMeHeHlrft npu llsy.reunu
pa3rurruhrx nepryp6auufi n AnuxeHuu erofi rpyuurr. f.nasHrrMlr TeMaMLr uccJleAoBa-
Hur f,BJrrrorcr cneAyroqe: AoJrrolepno4rrlecKue tm5paqw BoKpyr La u L5, Baptra-
quu cpeAllero ABI{xeHIIf, ABIIXeHLIe UepIIfeJIUt, KpnT}IlIeCKOe HaKJIOHeHrIe, IIHBaptr-
aHTHbIe coorHorueutr r AJrf, acrepouAoB rpyflnbl Tpoxnqen.

l. Introduction

The Trojan asteroids are known as the first natural examples of the famous Lagran-
gian solutions of the three-body problem. (Others are among the recently discovered
new satellites of Saturn.) A Trojan asteroid moves around the Sun nearly on Jupiter's
orbit in such a way that the three celestial bodies are always at the vertices of
equilateral triangles, at least in a first approximation. More detailed calculations have
since long reveiled that these asteroids, named after the heroes of the mythological
Trojan war, perform a long-periodic libration around the Lagrangian points ln or
Z, of the Sun-Jupiter system, which correspond exactly to Lagrange's equilateral
solutions. This interesting type of motion and the mathematical problems connected
with it have always challenged people working on problems of celestial mechanics and
as a result of it now the literature is abundant in papers dealing with the problem of
motion around L4 or Lt and especially with the motion of Trojans (see for example
Szebehely [967] and Hagihara [1975] for references).

The purpose of this paper is to show my results on Trojan asteroids. I refer to
my papers as Papers I, II,..., and X.
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2. A theory of Trojan asteroids

First I describe a theory ofTrojan asteroids on which the other results are based. The

details of the theory are given in Papers II and V.
I studied the motion of Trojan asteroids in the framework of the three-dimen-

sional elliptic restricted three-body problem. This means the assumptions that a

Trojan asteroid is influenced only by the gravitational forces ofthe Sun and Jupiter,

and the orbit of Jupiter is an ellipse. Then the following equations of motion can be

derived

3 r  ( a o \ ' ^ d a  I  f  r - p  \ l

on-' \^ ) 
- " du: ",, ""' "L'- ? '* ' (9%r- ""' ") I '

d /  .dd , \  prsinu f .  I  I- t r - + r t :  l t - . | .  ( l )
dV\  dv  )  l+e ;cosv l_  R i l

t z .  '  f  .  t - p  p l
du ' * ' :  l+s" * "L t -  ^?  

-E- l

Here r, a,, z are the cylindrical coordinates of the asteriod (Fig. 1), v is the true
anomaly of Jupiter, g is the eccentricity of Jupiter's orbit,p is the mass of Jupiter
divided by the total mass of the Sun-Jupiter system and

R,: l7TV, Rz: lrTT-rrcos"iV

J upi ter '
pe r i  he l  i on

Fig. l. The coordinate system
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The coordinates r and a are polar coordinates in the orbital plane of Jupiter, a is

counted from the direction of Jupiter, and z is perpendicular to Jupiter' s orbital

plane. Both r and z are dimensionless, the instantenous Sun-Jupiter distance serving

as unit distance.
To solve Equations (1) I applied the method of the multiple-variable expansions.

(For a discussion of the method see the book of Kevorkian and Cole [1981].) Thus

I looked for a solution of Equations (l) in the form of a three-variable asymptotic

expansion

r  :  l*  
nD ru"rn(u,u,r)*0 

(un*t)  ,

N

a :  do(u, t )*  
, \ r "on(u,  

u,  r )+0 ( t "* t ) ) ,

, : il,t,o,"(u,qr) * o(r'*') 
],

(2)

(3)

where

. -
e : v p ,  u : 6 ( u - u o ) , r : e2 (u- uo)

and u6 is the epoch.
This is a generalization of Kevorkian's two-variable solution for the planar

problem (Kevorkian, 1970). He studied the planar motion of Trojan asteroids assum-

ing Jupiter's orbit circular and using two independent varables. In Paper I, I pointed

out that to obtain a solution without secular terms in the third order, it is necessary

to introduce a third variable too.
The reasons for the form (2) are the following.
l. The Trojans are in a l:1 resonance with Jupiter' In case of a resonance the

largest perturbations are proportional not to the perturbing mass but to the square

root of it. Thus (2) is expanded according to the powers of e : fi. Not", that in the

Sun-Jupiter case p: 0.000954 and e : 0.030885.
2.The unknown functions rn, a* znin Equations (2) depend on the variables u,

,, z, representing three different time-scales of the motion of Trojan asteroids' The

variable u corresponds to the orbital revolution around the Sun, a refers to the

long-periodic libration around the Lagrangian points Laor L, and z is connected with

the motion of the perihelion. The respective periods are about 12, 148 and 3685 years

(for an asteroid at L).
3. In the expansion of r the first term I corresponds to the fact that the Trojans

are close to a circle with radius l, having a cpntre at the Sun. Lo and Lt are also on

this circle.
4. The leading term for a is a s (u, t). As it is not multiplied by e it can reach large

values. Actually, a6 (rz) describes the main part of the long-periodic libration of large

amplitude around L4 or L5.
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-t
5. The coordinate z is assumed to be proportional to e2 so that the solution is

valid for large inclinations occuring among the known Trojan asteroids.
An additional assumption for the solution of Equations (l) was that

€ 5 :  e e 1 ,

where the constant e1 is not very large compared to unity.
Substituting Equations (2) into Equations (l) and taking into account that due

to the relations (3) the total derivatives according to u have to be calculated as

dr 0r 0r ^0r- :  - * e - * e ' - -
dx 0u 0u 0t'

a system of partial differential equations can be derived for the unknown functions
r, at, zn from equating the coefficients of the same powers of e on both sides of
Equations (1). To 0 (e2) the new equations are

!l+,o : o
ou-

#-,(*.^): zr,+)4,

*("'.u'): o

#*,, : -rk*(,,,*'u,r),",

#*,k-(*.#)'-
-,1*.t.u#.,,(*.#)]:
: 3rr+1 ,1+lrorr-f, (2rr+ z2o)2 + | -

-  €1 cos, ( r r  r  * t ; re)  * , , ( r r ,  *  
tU'*)  -

-cos  c6-2-3 l2 ( l  -cos  uo) - t t '  ,  
'

*,1,,. 21 2 * 21 1 (t.'#). *. *l :
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^ r  I  [  
- r

:  -+l  zr;?+? l+r io oo I  t  -z- ' , r(-cos oo)-u, l .
o u L  0 0  o u J  L  J

I derived the equations to 0(e3) and determined the solution for ca, zs, t1, d1, 21, t21
a2 in Papers II and V. For example, the solution to 0 (e) is

zo : 1o cos (u* vs) ,

l  - ,  2 0 a o  |  " zrt :  etcos (u* Vr)- -f ,6cos 2 (u* rd - 
a U- i16,,

qr : -Zersin (u* *rl*I)isin2 (u+ vo)* 4t ,

where

p1 cos P1 : g1o cos (asi Yrc)* e1 ,

91 sin P1 : q1s sin (a6* F16),

g1q sin Vn : - ertsin (,4sr* Yn)- er+ ,
.ato

010 cos Yrc :  errcos ( lsr* Yrr)* rrh,

I
vo  :  do - iAs I *  r t s l  ,

and g11, Frr, vor, ,Ls are constants of integration. The solution for a6 is shown in the
next chapter. The parameters ,4s, Ar Az, A3 are given by the following expressions

27 t29 ^ 87
n , : ; * ; t ' � - ; r 4 + 0 1 f 1 ,

27 l4l " 100<A , :  - ; - ; P - ; f + o 1 f ; ,

.  27 l i  qsQ. "  tn l i  -  ^ . - ,Az:  -  
Z+ 

* ; r *  
,u  

r "+0( / " ) ,  (4)

? ?
A , :  - ; " * ; f  + o ) f ) ,

where / is also a constant of integration.
Knowing the main perturbations in the coordinates r, d., z, those of the orbital

elements cbn also be derived by applying the well-known formulas of the two-body
problem. This was done in Paper V.
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3. Libration around La and Lt

The leading term a6 in the expansion of a describes the main part of the long-periodic
libration around La or Lr. The equation which governes ae is (Paper II)

^ a

2 + 3 sin a6 ll - 2- ttz (l - cosna6) 
- ' ' ' l : 0. (5)

ou-

For moderate amplitudes of libration around tro occuring among the known Trojan
asteroids the solution of Equation (5) is

"  . 3 / i  . ,  .  n / i
^ : ; * ; t ' +  2 "  

f  + t c o s Q -

/L  11 \  /s  6s . \- l ; i ' .  
r * f  )cos2o+( t  

t ' -  * /s , )cos 
3@-

'# f co"+o+;ffi/s cos 5@+o (/6),

where

Tr-*P- ' ; r )u*6,

(6)

(7)o - -

and here / is a constant of integration and d is a function of c. For Z5 the solution
(6) has to be applied with a negative sign.

It can be seen that ae is a periodic function of @ having a maximum (c6-"J for
@ : 0 and a minimum (a6-ii for <D : n:

n /1 . ,  l l /3  5 -  17
d0 , " , :  : * ' 7 f  * i n * * ; t3+F+  

5 l s+01 f )  
(8 )

" F,. lt/i1 . s ^ 77
i l  :  _ + ' _ t z +  f  - t - : 1 3 -  

_ l s + O ( 1 9* o m i n  
3 ' 2 2 '  2 1 3 '  2 6 '  2 r o . 3 . s

@or a given /, ae librates between these two limits, the amplitude of libration being
nearly /. The approximate period of libration T1 from Equation (7) is

T t :

where IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIy is Jupiter's orbital period. For /: 0-0.5, Tt : 147'8- 156.3 years. This

interval covers most of the known Trojans.
As a check of the accuracy of the solution (6) a comparison was made with the

numerical integration of Chebotarev et al. (1974). Table I shows librational intervals
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of Trojan asteroids obtained by numerical integration of the planar, circular restricted

three--body problem (second column) and from Equations (8) for appropriate values

of / (third and fourth column).

Table I. Librational intervals of Trojan asteroids

Another comparison was made (Paper VII) with Garfinkel's theory of Trojan aste-
roids (Garfinkel,1977,1980). The comparison refers to the normalized period of

libration Z1y which is obtained from Taby dividing it with f rlrll+ this latter being
l +

the value of I" for / : 0. From Equation (9):

T x = :  t * ; r *#F+o (D . (10)

vlr-']r
A relation can be found between / and the parameter a6 of Garfinkel's solution (do

not mistake it with ca in Equations (2), (5), (6) as

2 )
t '  : Ial+]af +o 1cf)

5 -  5 "

Ths substitution of this into Equation (10) leads to

Around Zo
Chebotarev et al.

(tej4) I From Equations (81

588 Achilles
624 Hector
659 Nestor
9ll Agamemnon

1143 Odysseus
1404 Ajax
1437 Diomedes

54"6H5'.86
45.22-79.13
49.0713.11
46.7216.68
51.37-49.95
44.01-8t.2r
35.64-99.61

53.9H6.65
49.7112.20
51.08-70.31
4061-87.72
52.0H9.05

0.098
0.294
0.209
0.260
0.t62
0.322
0.545

0 . l l l
0.196
0.167
0.406
0.148

54'.63-65".85
45.2119.12
49.07-73.11
46.7116.67
51.3ffi9.94
44.00-81.21
35.64-99.62

53.9ff,6.6s
49.7112.20
51.08-70.31
40.61-87.72
52.0H9.05

Around Zt

617 Patroclus
884 Priam

ll72 Aeneas
I173 Anchises
1208 Troilus
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l ^  1 6 9
Trv : I + 

Uu?o+ffiaf 
+O 1cf;;,

which is Garfinkel's result (Garfinkel, 1980).
As in Equation (7) d depends on z, this modifies the period of libration. Deter-

mining the d (r) function (Paper V) a better approximation for I can be derived

T t : ( l  l )['.i'('.f) ]TJ

vlr- ' ]r
Here i is the orbital inclination. It can be seen from Equation (l l) that with increasing
i the period of libration increases. Bien and Schubart (1983) found the same result
by numerical integration.

4. Long-periodic uariations of a and n

The main perturbations of the orbital elements of Trojan asteroids were derived in
Paper V. The main variations in the semi-major axis c and in the mean motion n are

l .  2 da6\
d : a t [  l - ; €  ^  f  :

\  J  o u /

( .  .  ano\
n : n t l  l + e ; j f  :  ( 1 2 )

\  o u /

Here the index ,I refers to Jupiter's elements. From Equations (6) and (7) it can be
derived that

a"o :  (  _tF ,*nF ,:*tot l i  /5) sin o+
a , : \ - - t -  2 t ,  2 , ,  I\ /

/  s 53 . \  /  qsl l  -  l l25 /J - \
* l  -P-Af  )s in  20+ l  - - -  13+- - - . : -  /5  f  s in  3@+

\2" 2" /  \  2 ' �  z ' � "  /
)s t2i3il1

*;f rio +o-ff /5 sin 5@+o (/6) . (13)

,*,s U can be ,""o',nu, a and nvary periodically around the mean values a, and n1
with the period of libration TyThe amplitude of the variation can be easily calculated
from Equations (12) and (13). For this, one should determine the extremes of 0 asl0u.
It follows from Equation (5) that 1usl0u is at an extreme when ae : nl3 or-n13. For
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a given /, from Equation (6) one can calculate (by iteration) that value of @ for which'' .
n

uo : _. If @o is a solution, so is - @6, and these give through Equation (13) the
J

extremes of dasl1usTable II shows again a comparison with the results of Chebotarev
et al. (1974), obtained by numerical integration.

Table II. Variation of the mean motion of Trojan asteroids: ln : r-o- nr

Around Za Chebotarev et al. (1974) From Equations (12) an<
(1 3)

588 Achilles
624Hwtor
659 Nestor
9ll Agamemnon

1143 Odysseus
1404 Ajax
1437 Diomedes

2".36lday
7.03
5.01
6.23
3.88
7.69

12.83

2.66
4.69
4.02
9.65
3.55

2".35lday
7.02
5.00
6.22
3.88
7.68

12.74

2.66
4.69
4.00
9.63
3.55

Around 15

617 Patroclus
884 Priam

ll72 Aeneas
I173 Anchises
1208 Troilus

5. Motion of the perihelion

The main perturbations of the eccentricity e and of the longitude of the perihelion
af . 

(which is counted from Jupiter's perihelion) can be written as (Paper VIII)

/  \ s  /  \ /  t  5  \r r  :  ( a -c  s in  x  
) - ; r s i n  

y+ (a -ccos r )  ( t  *  
i " * i *  

co "  r  
) .

/  \ /  . 1  s  \  / .  \ svz:  
\a-c  

' t r , )  ( t  +  
o"- i " "o '  r , ) *  ( r -  ' "o"  x) t rcs inr .  (14)

Here

Yt .: € cosai, Yt: e sin crf, ( ls)
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The perturbations of e and rriwere studied first in the case K : 0, that is in the planar

case, in Papers II, III, IX. When rc : 0, Equations (14) can be interpreted geometric-

ally as shown in Figure 2. The endpoint of the vector (P1, Pt) is on a circle with radius

c having its centre at the point (D, a). This circle, called after Bien and Schubart (1983)

the *P1, Y2cvtye",is described by the vector (- c cos;, - c sinl) rotating uniformly

around the centre (0, a). This centre corresponds to " : "r, cd: 60'. Figure 2 shows

two possible motions of the perihelion: circulation and libration. It can be shown that

the perihelion librates if

' < I.FTF ' (r7a)

and circulates if

, > @ T F . (17b)

A 2 , A r : 2
a :  - e r i ,  U  -  - € 1  

4 ,  
t :  8 Q 1 1  1  K :  t -

X :  A s t I Y r r ,  Y :  A { - 2 v o t .

The condition for the libration of the perihelion can also be expressed as

T ? { t o ? l
€^u 1Zet I  t  - ;  t '+"# f  -o 1f l  l ,

L  z t  z r  I

where e-o is the maximum value of the eccentricity.

(16)

(1 8)

6  l i b r a t e s

a

Figure 2. Two
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It is important to remark that the possibility of the libration of the perihelion of
Trojan asteroids is due to the ellipticity of Jupiter's orbit. If e, : 0 is assumed, from
Equations (14) only the circulation of the perihelion follows. This agrees with the
result of Kozai (1984) in the circular case.

Equations (14H18) give an easy way to determine the motion of the perihelion
of Trojan asteroids. Table III shows the list of the known Trojan asteroids having
librating perihelion as well as their librational intervals (Papers III and IX). These
were found from among 35 known Trojans. In the first column the letters PL refer
to the Palomar-Leiden objects (van Houten et al. 1970).

Table III. Trojan asteroids with librating perihelion

Around Zo a) Around I, 0)

9ll Agamemnon
1437 Diomedes
1583 Antilochus

PL 6541
PL 6629
PL 6540
PL 4655
PL 6581
PL 4572
PL 6591

27".4-86' .l
28.8-72.3
28.+-78.2

-24.5-130.5
- l4.s-I06.8

17.8-88.1
19.8-87.0
26.0-73.6
31.4--69.7
42.2-_42.2

1871 Atyanax
1872 Helenos
1870 Glaukos

1867 Deiphobus

29r".3-331".3
287.7-329.6
279.4-323.4
262.9-356.r

For the asteroids in the first column, the libration of the perihelion was conflrmed
by a numerical integration of the planar, elliptic restricted three-body problem (Paper
IV). The asteroid PL 4572 was also shown to have librating perihelion by Bien
(1980a).

. The period of the libration of the perihelion is approximately

T,
- t  - -  -e{D 

t'Ao
(le)

For / : H.5, T"dt: 3685-3241 years. ?",r.is also the period of the main varia-

tion of the eccentricity. Paper III gives the lower and upper limits of e for several
known Trojan asteroids, obtained from Equations (14) with K: 0. Paper IV also
gives these limits obtained by numerical integration.

In Paper IX initial conditions for the libration of the perihelion were determined.
For an asieroid, which is exactly at La, c : 0, e : e, and 6t: 60'. This corresponds

to the Lagrangian solution of the three-body problem. The asteroid moves around
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the Sun along an orbit similar to Jupiter's but rotated by 60 degrees. Ifthe asteroid
undergoes a small perturbation it leaves La and its orbit begins librating around the
Lagrangian equilibrium orbit. The parameter c can be considered as the measure of
the perturbation. With increasing c the amplitude of the libration increases and
having reached the value z it turns into circulation. Initial conditions for the libration
of the perihelion were determined in two different domains of the phase space. Putting
an asteroid into Ia and starting it in a given direction with increasing (from zero)
velocity, a critical velocity can be determined at which the libration of the perihelion
turns into circulation. The critical velocities in different directions form a critical
velocity curve around Za inside which all initial velocities result in the libration of the
perihelion. The other region consists of the points around Za in which zero initial
velocity leads to perihelionJibration. Similar investigations were made by McKenzie
and Szebehely (1981) and by Szebehely and Premkumar (1982) in the Earth-Moon
system but for libration around Za.

The case K + 0 was studied in Paper VIII. It was shown that due to the non-zero
orbital inclination, the "Yy Y2 cuwe" changes nearly into an ellipse with eccentricity

" * fTS. This result confirms the numerical results of Bien (1980b) and Bien and

Schubart (1983). The ellipse rotates with the angular velocitiy and period of the
ascending node Z<Z ( > 60000years). The centre of the ellipse moves on a circle with

radius r : 5Kla2 + b2 / 8 around the point (bll+ K141, all+ Klal. The period of this

motion is Tgl2. Recently, the motion of the centre of the "Fr, YrctJwe" was studied

by Schubart and Bien (198a) by a numerical method and they also obtained this value
for the period.

5. Critical inclination of Trojan asteroids

The perturbations of the ascending node O and of the inclination I were studied first
in Paper V. By a further development of the theory, in Paper X an improved solution
was derived for the main perturbation of f,). According to this solution the main
perturbation in O is

a :

It follows from Equation (20) that O decreases if i<i" and increases when i> i". Here
r" is the critical inctnation corresponding to the value of i for which the co-efficient
of z in Equation (20) is zero:

(2r)

(20)
l- ) 

r . * r + sin' i (*.';r) ] 
"

i " :2 t  
I t - i r '+otD]
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in radians. Thus the critical inclination depends on the parameter / which charac-
terizes the amplitude of libration around Ln. It can be seen that l" increases with /.
The existence of the critical inclination was pointed out by Bien and Schubart (1983)
by numerical integration. The above solution explains the critical inclination analytic-
ally.

Theexistenceof thecrit icalinclinationaffectsalsothebehaviour of the"Yr,V,
curve". As the ellipse rotates with the same rate as O, it rotates backwards if i < l" and
forwards if i> i".

6. An inuqriant relation of Trojan asteroids

The stability of the motion of celestial bodies can be studied in several ways. When
the model of the circular restricted three-body problem is applicable the Jacobi
integral can be used to determine regions of possible motions and stability. However,
the Jacobi integral does not exist in the elliptic restricted three-body problem which
is a better approximation when the motion of Trojan asteroids is investigated. In the
planar, elliptic case the Jacobi integral is substituted by the following relation
(Szebehely, 1967)

(#)' . (#)' : #"" "-," I#x# du - c, (22)

where x, y are Cartesian coordinates of the body of negligible mass, U (x, y) is the
potential function of the problem, e is the eccentricity of the relative orbits of the
primaries, u is the true anomaly of one of the primaries and C is constant. As U
depends on x and y the integral in Equation (22) can be calculated only when the
solution for x and y is known. Note, that for e :0, Equation (22) turns into the
Jacobi integral.

As the Jacobi integral has an important role in determining regions of possible
motions and stability, the discussion of Equation (22) and.the question of an invariant
relation in the elliptic problem have been the subject of several papers (Delva and
Dvorak, l979,Ytcelj and Kiewiet de Jonge, 1978, Williams and Watts, 1978, Delva,
r983).

In Paper VI, I calculated the integral in Equation (22)by using my solution for
the Trojan asteroids. Studying the motions in three dimensions, I derived the follow-
ing relation

)l(*)' :"(r)'.G,|l:
l ' "  l -  u:  !rr- pr"os a+!+ 

fr- 
c- . (23)
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C! :  - (D r *cosas )  €1  ccos (As r *Y t t ) -

-(Dr*sin as) ef sin (,4e2* Yrt)-

- d + "o" no+Lrio oo) + o (,',,\+ c,- \ 1 0 - A o l \ /

This relation is formally identical with the Jacobi integral written in cylindrical

coordinates. However, C* is not a constant but a slowly changing function of the time

(24)

where

I  83  "  l l93
o, :  t - f iP - ; ; f  

+01t61 ,

{1 sr{1 ." l loe3 /t r ^ ..4\nr:  i+w, ' -  ,%o r+o ( / " ) ,

andCisacons tan t .
Equation (24) shows the main effects of Jupiter's orbital eccentricity er on the Jacobi

integral. It can be seen that C* suffers long-periodic variations corresponding to the

periods ?- and 7..5.InPaper VI upper limits for the terms of Equation(24) were also

derived.
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Abstract

The measurements of the Nimbus-7 and Solar Maximum Mission satellites indicated

a few hundreths percent per year systematic downward trend in the I A. U. total solar

irradiance. Beside this slow decrease both satellites also indicated small amplitude

variations of the solar constant on time scale from days to weeks. It seems that this

latter variation ofthe solar constant is linked to the solar rotation period via the effect

of solar active regions. Beside the measurements of the satellites the statistical analysis

of the daily observations of the Smithsonian Institution from 1923 to 1952 also

suggests that the solar constant changes in the order of a few hundredths percent,

according to the magnetic activity of the Sun.
This work investigates the connection of the age, state of development and

magnetic structure of the active regions to the variations of the solar constant

measured by the Nimbus-7 and SMM satellites. Our results show that the large

decreases of the solar constant occur when newly formed and quickly developing

sunspot groups with complex structure can be seen on the solar disc, to which usually

extended and connected facular fields belong. In those cases when old, simple sunspot

groups and their facular fields were dominant on the solar disc the value of the solar

constant seemed to slightly increase, or these could reduce the effect ofthe young and

complex sunspot groups.

Peznue

Comre.rgas rrocroflrrHat oflpe.qeJlrercr KaK BeJIIlttIIlIHa gueprl{r{, npluogmteficx na

eArrHr{rJy [oBepxuocru, neplen.@yrrpuofi K HanpaBneHIiIIo coJlHe.nroro u3rfreHns

na nepxnefi rpartrqe aTMocrfepr,r upu cpe.U{eM paccTosHruI 3eMls-Corurqe B TI9JIHoM

r.rHTepBaJre crreKTpa. Onpe4eleme ceruetmofi uocronruoft, a raKxe BBItBJreHIre ee

u:rvrenenrui B [ocJreArge Aecrru.[erus craro {elrrpanrnofi upo6neuofi [ccneAoBa-

UIIfi, nocrOmry nOAefrrrrre KJItrMaTI[qeCKIIe MOAeJII{ yKa3bIBaIOT Ha TO, qTO COTfl

coJIHeqIIaf, flocTof,Iffat g. l:,.daJ[a, ee HenpepblBHoe [I3MeHeHIIe MOXeT OKa3bIBaTb

BJrrrf,Hrre Ha rno6anrnrrfi reunoaofi 6ananc ger'rnofi aruoc$epbl [r Moxer [puBo.qrrrb

r iQSerrau, rr3MeHtrcIquM KntrMar (Eddy, 1977).
flocronrry HerrpepbrBrrbre rr3MepeHrrfl A.]rt onpeAeJrentrt coJllrewrofi nocroffrofi
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Haq:urucb B Earrare BeKa, a l{3Mepenrilt BHe rlpeAenon arvroupepu, Ea Koropble He
BJrwrK)T aruocQeprue Bo3MyrrleH[f,, - Jrrrrrrb B cepe.u.rue ceM]rAecrrbrx roJrbKo
cBt3aHHbIe c comre.rgofi axTrlBHocrbro u3MeHeHu.s colneqnofi uocrorrnroft.

Anarurs cyrotrnbrx na6nro.qenrui, [poBeAeHffiIx s CrtmrcoHoBcKoM rrHcrrrryre
c 1923 no 1952ron rroKa3aJr, rrro B BeJrr,rrruHe conneqHofi nocrosgHofi na6nroAarorcs
E3MeHeHur c ilepr{oAoM oKoJro 28 anefi c aMrurnryAofi 6 S/S- 7 x 10 a. 3rr.r ngueue-
Hus B cyrotmofi .racru npeuernrofi ruKaJrbr cBr3aHbr c uarnurnofi aKTrrBrrocrbro
Corurqa (Foukal lsYemazza, 1979). llsuepeHr{r, [poBeAeuHbre c [oMorubro crryrnu-
ros HuM6-7 u CMM, yKa3brBaror Ha rrenpepbrHoe yMeHbrrreHrre comreqnoft uocro{Ir-
noft c seruqunofi necronbKo corbD( [porleHTa r rog. HapaAy c 3TrrM Me.qJreHHbrM
yr!{eHbrrrerrr{ev na6nroAaroTcg TaKXe xoJle6arrnq Beruqr.rHbr conHe.IHofi uoctolttttofi,
.qocruraro[pre HecKoJrbr(ux corblx I{ HecKoJrbKr{x Aecf,Thrx [poqeuTa no npevrennofi
rrrKilrre or HecKoJrbKrax Aneft Ao HecKoJrbKr{x Hegenb coorBercrBenno. Hickey et al.,
1982; Willson, 1982 a, b). Ilonu4rvoMy, errr nocneAHue cBr3aHH c arrr{BubrMrlr
o6lactruvc.r, [eprroAr{lrecKr.re cBr3aHbr c aKTI{BHrrME o6ract.rtvtt, ueplroAlrvecKll rto-
rBJr{rorrlaMncc Ha Corrile.

B nacroxrlefi pa6ore r4ccneAyerct cBr3b MexAy Lr3MeHeHurMlr conne.rHofi no-
crocnHofi R conneqHofi aKTlrBHocrbro Ha ocHoBaHRIr pe3yJrbraroB nsuepenrft cnyr-
r*rron Huu6-7 u CMM, a raKxe c ucnoJrb3oBaHueM AaHHbrx KarruroroB NOAA's
BOULDER Solar Geophysical Data u Comreqnrre AaHHbre, Eronnerenr.

I. Introduction

The solar constant is one of the most basic quantities of the astrophysics and
meteorology because its value characterizes the solar energy flux reaching the Earth.
The solar constant is defined as the quantity of solar energy at normal incidence
outside the atmosphere at mean Sun-Earth distance. The correct determination of the
solar constant and its variation became the main interest of the researchers in the last
decades because according to the latest climatic models the slow but continuous
change of the solar constant could influence the global heat-budget of the Earth's
atmosphere, and it could trigger climate modifying effects (Eddy, 1977.).

Since the continuous measurements for the determination of the solar constant
started at the beginning of this century and measurements free from the disturbing
effect of the Earth's atmosphere (that is outside the atmosphere) have been available
since the middle of the seventies thus we are able to study only the variation of the
solar constant in its relation to the solar activity.

The analysis of the daily observations of the Smithsonian Institution between
1923 and 1952 indicate that there is a variation with about 28 days period, at a level
of A S/S- 7 x l0 4 on time scale of days connected to the magnetic activity of the
Sun (Foukal and Vernazza, 1979). The Nimbus-7 and the Solar Maximum Mission
satellites measured a few hundredth percent per year systematic downward trend in
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the 1 A. U. total solar irradiance during their period of measurements. Beside this

slow decrease one could observe a few hundredths or tenths ofa percent fluctuation

of the solar constant on the scale of days to weeks (flickey et al., 1982., Willson,

1982a, b.). It seems that these later mentioned, short time changes are connected to

solar active regions.
This paper investigates the connection between the variation ofthe solar constant

and the phenomena of the solar activity on the basis of the measurements of the

Nimbus-7 and SMM satellites, and of the data of the Catalogues "NOAA's Boulder

Solar Geophysical Data" and "solnechnye Dannye, Byulleten' (Solar Data)".

IL Results of the Measurements of the Solar Constant

The different measurements of the solar contant indicate short period, from a few

days to weeks, changes in the order of a few hundredths and tenths of a percent

connected to the active regions of the Sun. The measurements of the Smithsonian

Institution executed between 1923 and 1952 do not show changes above 0.17 rms in

the wavelength ranges 340 to 2400 nm. But the statistical analysis of the Smithsonian

data indicates an about 28 days period variation in the order of AS/S- 7 x l0 a on

the scale of days connected to the magnetic activity of the Sun (Foukal and Vernazza,

r97e.).
The measurements of the Nimbus-7 satellite between November 16, 1978 and

August I l, 1981, in the first 1000 days of its operation, indicated a systematic decrease

of the solar constant in the order of 0.025/" per year (Hickey et al., 1982). The

SMM/ACRIM radiometer also showed a similar 0.04/,pet year systematic decrease

in the value of the solar constant between February and December of 1980 (Willson'

1982a, b). The cause of this slow decrease is not exactly known as yet and because

the available data sets cover only a short time interval one is not able to decide

whether this is a continuous decrease or it is due to the decreasing phase of a

periodical variation. Besides the amplitude of this variation is too small that it is close

to the error-margin of the measurements even of the most modern high-stability

instruments, thus it is hard to separate them from the different instrumental effects.

Beside this slow decrease both satellites indicated a decrease in the order of a few

hundredths and tenths of a percent related to the solar active regions corresponding

to the rotation of the Stn (Hickey et al., 1982 Willson, 1982a, b Smith et al., 1982).

A strong connection has been established between the decreases ofthe solar constant

and the maxima of the 10.7 cm flux intensity, the Zurich sunspot number and the

projected areas of the sunspots. The degree of the correlation was always higher in

ihe cut" of the 10.7 cm flux intensity and the sunspot areas, than in the case of the

sunspot number (willson,1982b., smith et al.1982). The reason of this partly is that

the sunspot number is only an empirical index of the solar activity and in many cases

there is a phase delay between the sunspot number and the total sunspot area. On
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the other hand, as we will see later on the basis of our investigations it seems that the
largest decreases of the solar constant take place when newly formed and quickly
developing sunspot groups with complex structure occur on the solar disc.

The biggest surprise in the data of the Nimbus-7 satellite was the two largest
decreases in August 1979 and July l98l for which the amplitudes and duration were
substantially larger and longer than in any other cases. Unfortunately the time of
these decreases were outside of the measuring period of the SMM. At that time the
parameters of the solar activity showed only small maxima but in both cases equato-
rial corona holes crossed over the central meridian of the solar drsc (Hickey, 1981,
Smith et al.,1982)

The values of the different periods of the decreases in the total solar irradiance
observed by both the radiometers of the Nimbus-7 and SMM satellites as well as of
the solar activity parameters are summarized in Table I. The obtained values of the
periods indicate that the solar active regions can modify the value of the solar
constant in accordance with the period of rotation of the Sun, through the combina-
tion ofthe radiaton deficit caused by the sunspots and the excess in radiation due to
the faculae (Willson, 1982b, Sofia et al. 1982). The decreases in the solar irradiance
in connection with the corona holes could be a significant factor of the decreases of
the solar constant through a process which changes the transmittivity above the
photosphere (Smilh et al.,1982.).

Table I

The periods of the irradiance values and different solar activity parameters calculated
on the basis of the measurements of the Nimbus-7 and SMM satellites

Solar parameters

solar constant
10.7 cm flux
Zurich sunspot number
sunspot areas
facula areas

Nimbus-7 measuring
period: Nov. 16, Aug.
l l ,  1978

30 days
3l days
27 days

24 days

SMM measuring period:
April-October 1980

24.1 days
27 days
28.1 days
25.1 days

III. The relationship between the variation of the solar constant and the solar active
regions

This chapter investigates the relationship between the large irradiation decreases
indicated by the Nimbus-7 and SMM satellites and the ages, state of developments
and magnetic conditions of the active regions. Our calculations use the data from the
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first 4l I days of operation of the Nimbus-7 satellite between November 16, 1978 and

December 31, lg7g, and the normal operation period of the SMM satellite from

February to December of 1980. The irradiance records observed by both the radio-

meters of the Nimbus-7 and SMM satellites were taken from Hickey (1982) and

Willson (1982b) digitizing the published curve by the Hewlett-Packard HP 9864A

Digitizer of the Debrecen Heliophysical Observatory. The parameters of the solar
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Fig. I The devations of the radiation values from their mean measured by the

SMM/ACRIM radiometer (1. a after Willson 1982b.) compared to the deviations

from the mean of the projected sunspot areas during the first 300 days of the

normal operation period of the SldM satellite. Fig. I b shows the areas of all

the spots, the full line on Fig. I c shows the areas of the young spots, the broken

line shows the areas of the old spots. The full line on I d indicates the areas of

the quickly developing sunspot groups with complex structure, while the broken

line indicates the areas of the old spots with simple structure.
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activity were taken from the Catalogues "NOAA's Boulder Solar Geophysical Data"
and the "Solnechnye Dannye, Byulleten' (Solar Data)".

To obtain information about the connection of the ages of the active regions and
the decreases in the solar constant we classified the sunspot groups of the active
regions according to the following:

a.) Young sunspot groups.'newly formed groups or some new groups in returning
active regions.

b.) Old sunspot groups: spots observable in active regions without new areas.
Fig l. a shows the irradiance records of the SMM/ACRIM radiometer between

February and December of 1980 (Willson, 1982b) compared to the projected areas
of all the spots (Fig. lb), the projected areas of the young spots (Fig. I c full line),
and the projected areas ofthe old spots (Fig. I c broken line) calculated on the basis
of the Solnechnye Dannye. From Fig. I we can separate I I smaller or larger decreases
in the value of the solar constant. It can be seen that at the time of the dips 1,2,3,
5,7, 8 and l0 in the solar irradiance the projected areas ofthe young spots were large.
However, there is no good connection between the irradiance dips 4, 6, 9 and 11. and
the projected areas ofthe young spots. On the other hand, the projected areas ofthe
spots especially in the case of the dips 9. and I l. showed a large maximum(Pap,1984).
While the amplitudes of the dips 4. and 6. were too small, inside the margin of the
measurement error, the amplitudes of the dips 9. and ll. were large, namely the
irradiance decrease in November 1980 was the second largest in the sequence and its
duration was the longest in the measuring period of the SMM satellite. At the time
of the f. irradiance dip sunspots with rather large areas (its number in the Solnechnye
Dannye, Byulletin was 484) and HR 17188 (S. D. 494) appeared at the beginning of
October. These were the third and fourth recurrence of the HR 17 ll7 and the second
recurrence ofthe HR 17 120 and 17 127. The areas ofthese groups grew very rapidly,
their magnetic structures were rather complex, moreover the umbrae of the opposite
polarities were in the same penumbrae, that is they had delta configuration. At the
time of the eleventh decrease in November also two quickly developing spots occurred
on the solar disc with complex structure in the HR 17 244 (5. D. 541) and 17 255 (S.
D. 548), which were the recurrence of the HR 17181 and 17188. These later Hale
Regions were the main causes of the sixth irradiance dip.

Fig. 2. shows the irradiance records of the Nimbus-7 satellite during the flrst 4l I
days of its operation between November 16,1978 and December 31,1979 (Fig. 2 a)
compared to the projected areas of all the spots, while on Fig. 3 to the projected areas
of the young spots (Fig. 3 b full line) and to the projected areas of the old spots (Fig
3 b broken line). Fig. 3. a also shows the irradiance decreases observed by the
Nimbus-7 satellite during the above mentioned measurement period. Because for the
radiometer of the Nimbus-7 satellite the measurement errors were larger than for the
SMM/ACRIM radiometer and because of the uncertainities of digitizing the curve
only,the ddcreases with amplitudes larger than}.l/.were considered as real changes.
These were concentrated to 12 December 1978, 18 February, 5 and 16 June, 12 and
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Fig. 2 The deviation (from the mean) of the radiation values (Fig. 2 a) compared to
the projected areas ofall the spots (Fig. 2 b) and the areas ofall the faculae (Fig'
2 c) after the measurements of the Nimbus-7 during the first 4l I days of its
operation from 1978 November 16, to December 31, 1979.
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Fig. 3 The radiation values (Fig. 3 a) measured by the Nimbus-7 satellite during the
first 4ll days of its operation fro,m November 16, 1978 to December 31, 1979
compared to the projected areas of the young spots (Fig. 3 b full line) and to the

_ projected areas of the old spots (Fig. 3 b broken line). The full line on Fig. 3 c
shows the projected areas of faculae appearing in young active regions, the

broken line shows the projected area ofthe faculae occuring in old active regions.
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20 August, and 4 and 30 September, l0 October and 8 November 1979,It can be seen
from Fig 3 that except the second and fourth decreases in the solar irradiance all the
others correspond to smaller or larger maxima of the projected sunspot areas of the
young spots. During these two decreases the areas of the old spots were large, while
at the time of the first, third and tenth decreases beside the young spots the projected
areas of the old spots had maximal values, too. In these cases two groups could be
noticed with complex structure and rapidly growing areas. These groups occured in
the case of the first irradiance dip in the 15 697 (S. D. 390) and the l5 700 (S. D. 389)
McMath Regions - which were the third rotation of the regions 15 654 and 15 651
-, and in the case of the second decrease in the 15 654 and I 5 65 I -, and in the case
of the second decrease in the l5 823 (S. D. 70) and l5 830 (S. D. 74) McMath Regions,
which were the third rotation of 15772 and the fourth rotation of the 15777.

At the time of the third decrease quickly developing sunspot groups with complex
structure occurred in the l6 051 (S. D. 250) and l6 052 (S. D. 251) McMath Regions,
which were the sixth rotation of 15990, and the fourth and second rotation of 15987
and I 5 996, and at the time of the fourth decrease in the I 5 065 (S. D. 268) and l5 067
(S. D. 267) McMath Regions, which were the second rotation of the regions 16008
and 16014. In November of 1979, at the time of the tenth decrease a great number
of old spot groups with complex structure and fast development were observable on
the solar disc. The more important ones of these occurred in HR 16414B (S. D. 530),
16419 (S. D.537) and 16418 (S. D.535). The first two were the third and second
rotations of 16357, the last was the second rotation of 16365.

If in our classification of spots we take into account the sate of development and
the magnetic structure of the spots beside their ages we get the following classes:

c.) Newly formed and quickly developing sunspot groups with cgmplex structure,
inside which the areas ofthe individual spots can grow by a factor often in a few days.
The spots of opposite polarities are mixed strongly within the groups (gamma con-
figuration) and the umbrae of opposite polarities were in the same penumbrae (delta
configuration)

d.) Old spot groups with simple structure and normal magnetic polarity con-
ditions. According to the above classification we sorted the sunspot groups for both
of th'€ investigated periods. On Fig. 1. d and on 4.b the full line indicates the projected
areas of the spots of the classification d. On the base of these Figures we can conclude
that the large decreases of the solar constant took place when newly formed and
quickly developing sunspot groups with complex magnetic structure occurred on the
solar disc. When the old sunspots with simple structure were dominant the value of
the solar constant seemed to increase slightly or these spots could reduce the effect
of the quickly developing spots of complex structure (Pap, 1984.)

On the basis of the Solar Geophysical Data Catalogue we investigated the facular
areas in connection with the variation of the solar constant for the first 4l I days of
the measuring period of the Nimbus-7 satellite. Fig. 2. c shows the total the area of
all the faculae compraed to the value of the solar constant measured by the Nimbus-7
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satellite and to the total area of all the spots. The full line on Fig. 3. c indicates the
areas of faculae surrounding young spots and the broken line shows the same in the
case of the old spots. The full line of Fig. 4. c represents the areas of faculae
surrounding the new and quickly developing sunspot gtoups with complex structure,
and the broken line shows the areas of the faculae in the remaining old active regions.
Unfortunately, mainly in the first part of the investigated period, because of the
incompleteness of the measured data it is hard to get unambiguos conclusions
considering the areas of the faculae. But on the basis of our studies it seems that the

areas offaculae surrounding the spots increased together with the areas ofthe spots.
From Fig 3. and 4. it can be seen that at the time of the large irradiance decreases
observed by the radiometer of the Nimbus-7 satellite the areas of faculae of the new

active regions as well as ofthe active regions containing quickly developing sunspot
groups with complex structure were large, too. Similarly, when the old groups with

complex structure were dominant on the solar disc, the areas of the faculae surround-
ing them also showed a maximum. This connection is supported by the result of the
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Fig. 4 Deviations from the mean for the irradiance values measured by the Nimbus-7
satellite during the first 4ll days of its operation between November 16, 1978
and December 31, 1979 compared to the projected areas of the young quickly

developing sunspot groups with complex structure (Fig. a b full line) and to the
areas of the remaining old spots with simple structure (Fig. a b broken line). The
full line on Fig. 4 c shows the areas of faculae appearing in active regions' 
containing quickly developing complex spots, the broken line shows the areas
of the remaining old faculae.
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linear correlation calculation for the spot and facular areas. The value ofthe correla-
tion coefficient between ttre areas of the faculae and all the spots considering the
complete data set was 0.63, between the areas of the faculae and the quickly develop-
ing spotgroups with complex structure was 0.63 too, while for the areas of the old
spots and the area of the faculae surrounding them was 0.46.

On the basis of these facts it seems that we have to revise the conception that
the decreases ofthe solar constant are due to the combination ofthe radiation deficit
caused by the sunspots and the radiation excess caused by the faculae. Our investiga-
tions suggest that the variation of the solar constant is mainly connected to the age,
state of development and magnetic structure of the active regions. It seems that the
presence of quickly varying magnetic flelds of the young and complex active regions
would be able to stop the convection or to reduce its efficiency, while the magnetic
field of the old active regions with simple structure could provide more intensive
energy transport into the photosphere by the convection. In this way the sunspots and
faculae surrounding them could be the common symptoms of such a physical process
which takes place in the deeper regions of the Sun and in which the magnetic fields
of active regions could modify the energy flux transported to the surface by the
convection, thus causing the variation of the solar luminosity.

IV. Discussion

Both the Nimbus-7 and SMM satellites indicated a systematic downward trend in the
order of a few hundredths percent per year in the I A. U. total solar irradiance
(Hickey et al.,1982, llillson,l982a, b). Beside this slow decrease of the solar constant,
dips of the order of a few hundreths and tenths of a percent have been found on a
time scale of days and weeks in both the Nimbus-7 and SMM satellite records. During
the common measuring period the decreases of the solar constant observed by two
different radiometers show such a good agreement that the solar origin of the decrease
could not be doubted. The strong correlation between the solar constant variation
and the solar activity parameters, as well as the period analysis indicate that the solar
actlve regions can modify the value of the solar constant according to the rotation
period of the Sun (Willson, 1982b, Smith et al., 1982). Beside the measurements of
the satellites the statistical analysis of the Smithsonian data also suggests that the
value of the solar constant varies at the level of AS/S - 7 x l0 a on the scale of a
few days connected to the magnetic activity of the Sun (Foukat and Vernazza, 1979).

We have investigated the connection between the variation of the solar constant
and the different solar activity phenomena duping the first 4l I days of the Nimbus-7
satellite from November 1978 to December 1979 and during the normal operation
period of the Solar Maximum Mission from February to December 1980. Our study
shows thdt t}te value of the solar constant decreased significantly when new and
quickly developing sunspot groups with complex structure were seen on the solar disc.
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On the other hand, it seems that at the time when old sunspot groups with simple

structure were dominant the value of the solar constant increased slightly or these old

groups could reduce the effect ofthe young and complex groups. The investigation

ofthe facular fields, surrounding the sunspots indicates that the areas ofthe faculae

increased together with the areas of the spots, and at the time of the large decreases

of the solar constant the areas of the faculae surrounding the new and complex

sunspot groups were large, too. Similarly, when the old, simple spots predominated

the areas of the faculae surrounding these spots also showed maxima. Thus it seems'

that the state of development, the age and magnetic structure of the active regions

containing spots and faculae have to be considered principally in the study of the

variation of the solar constant and this varation cannot be explained simply with the

combination of the radiation deficit due to the spots and the radiation excess due to

the faculae.
It seems that the magnetic fields of the active regions containing new and quickly

developing sunspot groups with complex structure and surrounding faculae fields

would be able to stop the convection or could reduce its efficiency, which could give

an explanation to the deficit observed in the emitted total energy flux. On the other

side, the magnetic fields of the active regions containing simple old spots and faculae

surrounding them can no longer stop the convection or reduce its efficiency, moreover

it seems that in these places the convection could transport more energy flux to the

photosphere.
Another very important question is what happens with the radiative energy

deficit caused by the rapidly varying active regions with complex magnetic structure.

Is it storaged in the convection zone and reradiated later as the active regions

become older, or is it emitted immediately in form of flares or in other forms of the

corpuscular radiation?
Finally it has to be noted that it is a very important task to determine which

spectral regions could be connected to the decreases ofthe solar constant. It has been

known for a long time, that there are significant changes in the short wavelength

intervals of the solar spectrum in connection with the solar activity but such a small

fraction ofthe total energy flux arrives in these spectral ranges that it can only modify

the value of the solar constant at a level of l0 4-10 {. On the other side, the fact that

the ground based measurements, which refer to the wavelength range of 340 to

2400 nm because of the selective transmittance of the terrestrial atmosphere, indicates

a variation of the solar constant in magnitude and time scale similar to that of the

satellite measurements, could suggest that the important part of the variations takes

place in the near ultraviolet and visible part of the spectrum. This is very probable

because the energy arriving in the U. V. and visible spegtral ranges is emitted from

the photosphere where the sunspots occur. The study of this question is a very

important task, since the major part of the solar energy arriving in these spectral

bands determines the energy budget and photochemical reactions of the terrestrial

atmosphere, thus directly could influence the wheather of the Earth.
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FLARE STARS IN THE APPARENT CELESTIAL NEIGHBORHOOD
OF q TAURI I.

G. Szdcs6nyi-Nagy

Department of Astronomy, Eiitviis Universityo
H-1083 Budapest, Kun B6la t6r 2. Hungary

"It has been estimated that more photo-
graphs of the Pleiades have been taken by
astronomers than of any other object in the
stellar universe. Similarly, it is no exagger-
ation to say that more refined observations
of all kinds have been made of the Pleiades
than anv other distant ooAlil'rt*"vE 

-

Abstract

As part of the international flare-search program 868 photometric plates were taken

of the neighborhood of q Tauri with radius 2" 22' . On these plates 39 flare stars were

identified, 26 of them were the author's discoveries. The most relevant properties of

these objects are introduced here, together with the maps for easy identification. The

inconsistency in the notation of the flare stars is discussed, and the chronological

ordering of the objects and flare-ups discovered at the Eirtvos University and a
possible rationalization of the reordering of the Konkoly numbers are suggested.

Analysing the sources of the observed flares it became apparent that most of

them belong to the stellar cluster, thus presumably the majority of the flare stars are

cluster members, too. This means that the number of stars belonging to the Pleiades

could reach at least 2000, and that so far only 15-16 per cent of the members are

known.
The results of the photometric study will be published in the continuation of this

paper.

Pesruue

B pauxax MexAyuapoAHofi nporpauMbr rro uccJreAoBaHrrlo BcnbIxLrBaroIULrx 3Be3A

aorbporrr 6rrno c.qenauo 868 Soroverpurecrllx SHLIMKoB B oKpecTHocTI{ 3Be3AbI
q Tauri c paA[ycoM 2" 22'.Ha3T1ax cH]IMKax 6rrno uAeuru$uqupoBaqo 39 scurrxu-
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Baroulqx 3Be3A, r{3 Korophu( 26 6rllo orKphrro nauu. B pa6ore upuBoA{Tcr nan6o-
JIee Baxlrble AaHHbIe, orHoc.gtttrtrecs K 3TuM o6textavt, a raKxe Kapru, o6lervatoulue
n ugeuruQuKauurc. O6cyx4arorcr ra(xe HecoorBercrBr{r, Bcrpeqarcruuecr npu
o6osHaqenzu BcublxrrBalortprx 3Be3A, I{ rlpeAnaraercs cuoco6 KaraJroryr3arlqr.r or-
KpbITbIx a Vnrarepcurere LrM. 9rseIIIa o6rerros tr Bc[hrrueK B 3aBlrcrrMocrr{ or
BpeMelrtr, a TaKxe oAlra I,I3 Bo3Moxlrblx u qenecoo6pa3gbrx ueperpyfirlupoBoK rrr4cel
Korros.

flpu anannee rlcrorllrrrtKon o6uapyxerrrrbrx Bcrrbrruer 6ruro o6napyxeno, uro
6oltrrnrqctso tr3 Hrrx qplrgaAJlexur K 3Be3lFoMy cKorrneHilo. Ha ocnonauurr sroro
Moxno rrpeAnoJloxurb, qro 6onrurncrno BcrrbrxrrBaroulr{x 3Be3A Taxxe npr{HaAJre-
xaT cKolJIeHEro. 3ro osnasaeT, qro qucJlo 3Be3A, [pI{HaAJrexaIrIIlrx cKonJIeHI{Io
flnerg, cocraBJr.f,er uo uenrurefi Mepe ABe rbrcrqu, r.r TaKuM o6paaou, ttulorr 15-16/,
II3 3Be3A 3TOrO CKO[JreEr{r r{3BeCTHbr B HaCTOrrIee BpeMr.

Pesynrrarrr QorouerpuvecKl{x nccJreAonannr.rfi 6yayr ony6n}rKoBaHbr Bo BTo-
pofi racru nacroxrqeft pa6orrr.

Introduction

ln 1924 E. Hertzsprung by chance photographed the sudden brightness increase of
a star of the constellation Carina. (Now this object is called DH Carinae.) He noticed
the phenomenon, and tried to give an explanation. According to his opinion the cause
of the quick brightness increase was due to the impact of an asteroid into the star.
But the frequency and time-development of similar events observed in the forties (Van
Maanen, 1940: WX UMa, 1945: YZ CMi, Carpenter, 1947: UY Ceti etc.) and the
reo@urences of the phenomenon in the case of the same stars made this naive
hypothesis to be rejected. However, the truth is that the real physical causes of this
phenomenon, called the flare activity, have not been found yet. Maybe that is why
the study of flare stars is still a popular field for the astrophysicists of the seventies
and the eighties.

At rest these variables, called UV Ceti-type after their well known representative,
are red dwarfs with very low energy output. Their spectra contain emission lines, and
in mbst of the cases they can be classified as dM0.5e - dM6.5e. Because their absolute
visual magnitudes are between * lOM and + l8M with a few exception, only the ones
in the immediate solar neighborhood can be observed with photoelectric photometers
and spectrographs mounted onto small or medium sized telescopes. But there are
hardly more than fifty of that type (Petit, 1958, Joy, 1960, Kunkel, 1965) and there
is only a dozen, which flare up with frequency that it would be worthwhile to observe
them continuously photometrically.

Fortunately at the beginning of the fifties it was already discovered (Haro and
Morgan, 1953) that these peculiar stars seem to cluster in certain parts of the sky.
Objects with similar properties to that of UV Ceti were identified in the Orion nebula
and its close neighborhood, though at first they were considered as a separate class
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ofthe variable stars, and therefore they were called as flash- not flare-stars. Since the

very young group of stars, the so called Orion association - presumably to which

the majority of these variables belong (Haro 1976) - is so far from the Solar system

that the individual photoelectric observation of its red dwarfs would be wasteful,

photographic methods are used for the observation and the registration ofthe actual

value of the apparent brightness of these stars. The photometric observations are

made in the ultraviolet, blue, sometimes in visual and red range of the electromagnetic

spectrum with large field reflectors, mostly Schmidt telescopes. This way about 20

square degree area of the sky can be detected simultaneously. To study the time-

development of the change in brightness, it is necessary to use such exposure times

for the plates, which are not longer than 5 to l0 minutes. It is also important to

minimize the deadtime between the measurements. For that purpose most of the

observatories use the method of multiple exposures, that is 4 to 12 exposures are taken

onto the same plate, sliding the plate alongside with a small amount between each

exposures.
According to the above described method the researchers studied quite a few

groups of stars and galactic clusters after the Orion association, and discovered that

the representatives of this type of the variables can be recognised in them. There are

two limitations of their detection. First, the galactic clusters almost without exception

can be found in the Milky Way, where the interstellar absorption is the strongest,

second the extraordinarily low brigtness of the considered type of the variable stars.

In the last three decades, since 1952 flares have been also found in the NGC 2264

(Rosino, 1957, Harc, 1968, Petit, 1958, Haro, 1976), in the NGC 7000 (Haro'

chavira, 1973, Rosino,1976, Erastova and Tsvetkov,1974), in the coma Berenices

cluster (Haro and chavira, 1964), in the Hyades (Haro, 1968), in the dark clouds of

the constellation Taurus - TDC-I, TDC-?- (Haro and Chavira,1965, Tsvetkova

1984), in the Praesepe (Haro and Chavira, 1965, Jankovigs, 1973, Jankovics, 1975,

Oganjan et al. 1982), and last but no least, in the Pleiades (Johnson and Mitchell,

1958., Haro, 1963, Rosino and Pigatto, 1969, Ambartsumian et al. 1971, Mirzoyan

et al. 1977, Balfrzs et al. 1973, Sz6cs6nyi-Nagy, 1975, Rosino and Sz6cs6nyi-Nagy,

1978, Melikian et al. 1981).
From the investigation ofthe clusters and associations it could be concluded that

these objects gather primarily in the supposedly young star aggregations, while they

could be hardly found in older clusters. Considering that the data obtained by

photographic methods could be evaluated and interpreted statistically, our aim was

to collect such homogeneous observational evidences, which give adequate base for

statistical conclusions. Thus we had to study such part of the sky, which could be

observed for a relatively long time wifh our instruments, that is an area of at least

* 15' in declination, and crossing the meridian at midnight in winter. This area had

to.contain a suitably populated cluster reasonably close to the Sun with suffrciently

large apparent diameter. This way the Pleiades became our choice, which is - in

addition - located 24' south of the galactic equator.
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L The discovery of the fiare stars of the Pleiades

Though the Pleiades is the oldest known open cluster studied in details (Alter et al.
1970, Ruprecht et al. l98l) its flare stars were discovered relatively late. The cluster
is reasonably close to the Sun, its distance modulus is all in all 5.5 magnitude (Becker,
Fenkart, l97l), so it was generally accepted that each of its members were already
catalogued. Therefore in the fifties nobody took the job in hand of the search for
additional members. As for the early spectral type members - in the central regions
of the cluster -, they were entirely identffied by that time (Hertzsprung, 1947) bnt
not the extremely dim red dwarfs there. Nevertheless the flare stars originate from
these.

First Johnson and Mitchell took note of an object within the limits of the cluster,
established by Hertzsprung, which had shown a sudden and dramatic increase in
brightness. (In his catalogue Hertzsprung marked it by the number 1306, hereinafter
designated as H II 1306, Hertzsprung, 1947) They interpreted the phenomenon as a
flare up, and concluded that more flare stars might be located in that area. Through
the systematical photometric investigation of the Pleiades, Haro proved that Johnson
and Mitchell's conclusion had been correct. Already in the sixties Haro identified
about 50 active stars in the area of the cluster (Haro, 1963, 1968).

Here we have to call the readers' attention, that only in the cases of the few
brightest, earliest spectral type stars one can decide whether they are members of the
cluster or not. That is why we emphasized that flare stars were observed in the area
of the cluster, and not say in the Pleiades itself. Later we will return to the question
of cluster membership.

2. Observations

In Hungary the observations started in January of 1969. Their purpose was to find
and recognize as much as possible from among the flare stars hidden in the Pleiades
and its apparent celestial neighborhood. This program was a contribution to an
interhational one for the persuasion of the late L6szl6 Detre, who then was the
director of the Konkoly Observatory. Besides the Hungarian astronomers, the re-
searchers of the Astrophysical Observatory at Asiago, the Astronomical Institute of
the University of Padua (Italy), the Astrophysical Observatory at Byurakan (USSR,
Armenian Rep.), the Tonantzintla Observatory (Mexico) participated in it from the
beginning. Later the astronomers of the Astrophysical Observatory at Abastumani
(USSR, Georgian Rep.), the National Astronomical Institute of the Academy of
Bulgaria and the Observatory at Sonneberg (GDR) joined. In the beginning B6la
Bal6zs, later the author and Lriszl6 Patk6s participated in the program from the
Departmerit of Astronomy of the Lor6nd Eotvos University. The first flare dis-

3 1 1



coveries appeared in two publications (Ambartsumian et al. 1969, and Ba16zs, Varda-
nian, 1970.).

The photographic observations were executed by a Schmidt telescope of 600 mm

aperture, f/3 aperture ratio, with 900 mm mirror diameter. The field of view is circular

and its angular diameter is 4" 45'. Kodak plates (16 x 16 cm2) were used for the

exposures, this way 17.5 square degree parts of the sky were photographed. In the

Schmidt-camera, made by Zeiss (Jena) the sharp image is formed on a spherical

calotte shaped surface, therefore the plates'had to be deformed during the exposures
to make them fit to the focal surface. Though in some cases the plates broke, this

method had an advantage. Namely, - avoiding the correction lens - we could use

the exceptional transmittance of the telescope in the ultraviolet up to its maximum.
It has particular importance in the observation of flare phenomena since the sudden
brightness increase mainly is due to the essentially increased ultraviolet energy output

compared to their neutral state. For this we tried to execute the observations in this
range of the electromagnetic spectrum, and only the U range of the objects' emission
were detected. To get this range an UG2-type Schott filter of 2 mm thickness was used
in front of the emulsion (Johnson, 1955.). The astroclimatic circumstances, and the
fact that already at about 15 kms from the observatory, which is situated at 950 m

above the sea level, there are well-lit settlements allowed one and a half hour inte-
grated (accumulated) exposure time. To keep the background fog density at an
acceptable level-if nothing disturbed the observations-most of the cases each of the
plates were exposed for 80 minutes. Since we hoped to find the flare stars between
extremely dim and the top of that red dwarf stars, the exposures had to be such that
even 16-17 magnitude objects would have been identifiable. Thus we chose 10 minutes
to be the exposure time. Longer exposures are not worthwhile, because to get the
time-development of a flare event it is essential to obtain the brightness increase of
the outburst on more than one exposure. Considering that a flare phenomenon very
rarely lasts longer than one hour-most of the cases only 30-40 minutes-the l0
minutes seemed to be the optimal exposure time. Between each exposure we had to
interrupt the path of the light for 30 seconds, thus the 80 minutes effective exposure
time photographs cover 83 5 time intervals.

At the beginning of the program-and temporarily in 1976-we did not have the
necessary UV filter, therefore the plates (mostly Kodak 0-a-0 emulsions) were exposed
without filter. According to the above reasoning, in these cases the plates were
exposed 8 times for 4 minutes, also with 3G40 seconds interruptions. The time in
these breaks were used to move the telescope in the direction of increasing right
ascensions, in a way that on the plate the angular distance between the first and the
second image was 25", while only 15"between the others. At the mountain station
in Mrltra (Piszk6steto) of the Konkoly Observatory the seeing is usually 2"-3" , which
is not really favourable if we characterize the plates with the apparent brightness of
the most dim object possible to observe yet. But considering the very sharp, pointlike

image of the used telescope, which in case of ideal atmospheric circumstances would
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make hard the measurement of the photographic plates, we could even be grateful
to the atmosphere doing us a favour.

Starting an exposure sequence we set the optical axis of the telescope to the
Alcyone (q Tauri), similarly to our colleagues participating in the international
program. At the time of the observations the mean equatorial coordinates of this
object were a : 3h 46T0 and 6 : +24" 02'. The Alcyone is very close to the virtual
centre of the cluster-moreover it is a third magnitude object-thus this choice
seemed to be very advantageous in more respect. If the wheather was satisfactory we
made series of exposures of the Pleiades as long as the cluster remained closer than
60' to the zenith. This way we could make four or five plates one night. Due to the
restrictions caused by the built of the telescope, we had to wait 3-5 minutes between
the exposures of two plates, depending on the hour angle of the Pleiades. However
these time intervals were short enough that the flares we could detect with our
equipment would not be unobserved. Every plate (except for the previously men-
tioned ones we used 103-a0 Kodak emulsion to detect the ultraviolet radiation) was
developed in D19 developer suggested by the manufacturer, according to the specifi-
cation.

In the course of the program 868 exposures were registered on I l0 plateb, with
altogether 4416 minutes exposure time. The time interval covered by these observa-
tions was 4848 minutes, which counting the time necessary to change the plates, is
equivalent to 85 hours.

3. The evaluation of the observational material

The negatives were visually studied, comparing them in pairs by the "sternplatten-

komparator" made by Carl Zeiss, Jena. The series of points, which seemed to change,
fluctuate in brigtness were measured by a Becker type iris photometer. (The datails
of the photometric measurements will be discussed in the continuation of this paper.)
Those objects were considered as flare stars, ofwhich the brightness changed at least
0T8 in the detected spectral range, during the studied time interval. An additional
requirement was that the trace of the flare-ups had to be identified at least on two
image points, to eliminate the possibility of erroneous discoveries due to observation-
al errors. In the studied time interval 39 objects satisfied these criteria, but no one of
these 39 stars had shown two or more flashes.

The equatorial coordinates of the objects, identified as flare stars were deter-
mined in three steps. First with the help of the above mentioned comparator we have
measured their Cartesian coordinates. This measurement resulted in data with 0.05
mm precision. The reading error had the sanie uncertainity as the one due to the
seeing. The next step was the determination of the cartesian coordinates of the
refer,ence stars. To achieve as precise results as possible with the Turner method
(Smart, l93l), we chose the reference stars to represent the whole plate well (Fig. l).
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Since the projection of the Schmidt camera we used to obtain the plates is essentially
free from radial distortions, the reference objects were chosen close to the edge ofthe
field. The eleven stars used for the measurements and computations are:

I - BD +22" 593 2 - BD +22" 575 3 - BD +22" 532
4 - B D  + 2 2 "  5 2 4  5 - B D  + 2 3 "  5 7 0  6 - B D  + 2 3 . 5 0 8
7 - BD +24" 595 8 - BD +24" 520 9 - BD +25" 621

l0  -  BD  +25 '608  l l  -  BD  +25 .  591
Knowing the exact equatorial coordinates of the above stars and the focal length of
the instrument (f : 1809 mm, Nagy, 1980) and the measured x,y values we calculated
the plate constants, and with the help of these constants the equatorial coordinates
of the objects of unknown position. The obtained values (rounded according to
international standards) were calculated to the epoch of2000.0, taking the precession
into consideration. Our results are consistent with the values published by others,
those results have been calculated very often to the epoch of 1900.0.

The data necessary for the identification of the observed flare stars can be found
in Table I. In its first column the letter "8" refers to the eponym of the university
(Lor6nd ,Eotvos), it stands together with the serial number. The purpose of introduc-
ing such new nomination was that the usual abbreviations, made after the geographi-
cal location of the institutes were already taken (B or Bu), moreover it seemed not
to interfere with any other in the close future. The objects were ordered according to
the moment of their flashes.

The second and the third columns contain the right ascension and the declination
of the objects, calculated to the epoch of 2000.0. The precision of the first is a tenth
of a minute. of the second is an arc minute.

TABLE I

Eotvos
catalogue
number

0zooo.o 6rooo.o Sign of the Serial
map number

Discoverer

' E l

E 2
E 3
E 4
E 5

E 6
E 7
E 8
. E 9
E 1 0

3h 50T9
3h 52T0
3h 4gT3
3h 44Y5
3h 42:2

3h 48T4
3h 45T6
3h 38T9
3h 47i5
3h 52:3

+25" 36'�
+25" 02'�
+25" 15'�
+24" 41'�
+24" 06'�

+22" 33'�
+22" 59'�
+24" 25'�
+24 '22 '
+24" 40'�

P.L.-
P.L.+
P.L.
P.L.

Sz.-N.

Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.

A 5
D l 0
E 1 3
E t 2
E 7

H 4
H 2
F I
E 6
D 3
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TABLE I (cont.)

Eotvos
catalogue
number

6rooo.o Sign of the Serial Discoverer
map number

E l l
E t 2
E 1 3
E t 4
E 1 5

E 1 6
E l 7
E 1 8
E 1 9
8 2 0

E2l
8 2 2
8 2 3
8 2 4
E 2 5

E 2 6
E 2 7
E 2 8
F , 2 9
E 3 0

E 3 1
8 3 2
E 3 3
F . 3 4
E 3 5

E 3 6
E37
E 3 8
E . 3 9

3h 47:2
3h 44\9
3h 4g:2
3h 42?7
3h 50T0

3b 4312
3h 49Tl
3h 53T9
3h 45T3
3h 52?6

3h 56T3
3h 50T6
3h 52T0
3h 5lT2
3h 44:0

3h 53T4
3h 55T9
3h 45T0
3h 53T9
3h 43+2

3h 52T0
3h 52+3
3b 43T0
3h 48Y7
3h 50T6

3h 50T5
3h 44T8
3h 48T6
3h 50T6

+25'02' �
+25" 22'�
+ : l '  53' �
+24 '01 '
+25 '08 ' �

+25" 24'�
+23" 45'�
+25" 2l '
+23" 07'
+25" 29'�

+23" 55'�
+23" 02'
+24" 00'
+24" 25'�
+25" 51'�

+25" 3l'
+23" 04'
+24' 46'�
+25" 56'�
+24'39' �

+24" 16'�
+24" 34'�
+23" 32'�
+23" 47'�
+21" 55'�

+24" 24'
+2s" q'
+22" 25'�
+24" 53'�

Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.

Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.

Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.

Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.

Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.

Sz.-N.
Sz.-N.
Sz.-N.
Sz.-N.

E
E
H
E
D

E
E
A
H
A

J

2
3

8
I

I
10
I
I
a
J

D
G
D
D
B

A
G
E
A
E

D
D
E
E
G

D
B
H
D

9
2
8
)
I

2
I
4
I
5

7
4
l l
9
J

6
2
)
2

n: The plate was taken by B6la Baliizs
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To make easier the identification of the stars we publish the map of the inves-
tigated area on 9 pages with sufficiently large magnification. (The plates are magni-
fications of the corresponding page of the National Geographic Society-Palomar
Observatory Sky Survey INGS-POSS] in red.) These plates are marked by the letters
A, B, .. .I (see in the supplement) in their North-East corner, and on each of them
the flare stars are distinguished by numbers. Thus in the fourth and the fifth columns
of Table I one can find the signs of the map and the serial number of the given star
on that map. The last column stands for the initials of the discoverer of the flare event
P.L. : Lilszl6 Patk6s or the abbreviation of the family name of the discoverer Sz.-N.
: Sz6cs6nyi-Nagy. As usual in the observational astronomy the plates were evaluated
by the observers themselves. The exceptions are marked (Patk6s, working on his
dissertation evaluated Bal6zs's data).

4. Discussion

Comparing our data with the literature it turned out that one third of the observed
flare events (exactly l3) was produced by flare stars discovered by others already. (See
Table II and the corresponding first remark!) The reason why we have enlisted them
in the Eotvos catalogue is that in most of the cases it can be proved only years later
that somebody had already discovered them. This is the result of the fact that most
discoverers characteilze the objects only by approximate coordinates, thus practically
preventing the certain identification. According to the practice todays identifying
maps are published with the paper only if the researcher or the research group have
already collected at least a dozen flare star observations. We follow that practice.

To eliminate the possibility of misunderstandings due to the above circum-
stances, to make easier and more certain the identification of individual flare stars we
have compiled and now publish Table II. Here we give additional serial numbers of
the flare stars observed by us (or us a/sol) based on the publications of the researchers
of the four observatories continuously participating in the long study of flare activity
of red dwarfs.

'It 
is to be noted that the Mexican colleagues have compiled more than one list

of the flare stars found in the area of the Pleiades. From among these we only give
the numbers from the most complete catalogue (Haro et al., 1982) in the column of
Tonantzintla Observatory. Additional informations about the flare stars discovered
at Tonantzintla can be found in the above mentioned publication, or in its detailed
references.

It is worth to accentuate some problems connected to the notations in the
publications about flare star observations in our country, and in earlier papers using
these publications as references.

.The flire stars discovered by the Schmidt telescope of the Astronomical Research
Institute of the Hungarian Academy of Sciences (earlier known as Astronomical
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Observatory)-which is referred to as "Konkoly Observatory" after its founder in
international circles-are distinguished by a letter "K" in front of their serial number.
Unfortunately the K numbers of different authors given to the individual discoveries
are ambiguous.
a) There are flare stars with more than one flare-ups recorded by the above mentioned
instrument. According to the adopted nomenclature these objects, of course, are
included leastways twice in the Konkoly list seeing that this latter is not a catalogue
of the flare stars but that of observed flare events (e.g. E 16 : 2, Bal6zs, Patk6s 1972
and also : K27, Szecs6nyi-Nagy 1974; or E 33 : K22, Bal6zs etal.1973 and also
:K 44, Rosino, Sz6cs6nyi-Nagy 1978 respectively).
D/ There are such K serial numbers-sometimes marked by an asterisk in order to
point to the ambiguity of the nomination-which are ordered to dffirent objects by
our foreign colleagues (e.g. K*l : CPFS 139, K*l : CPFS 157, K*l : CPFS 226
and K*l : CPFS 227 or K*3 : CPFS 32, K*3 : CPFS 289, K*3 : CPFS 415 and
K*3 : CPFS 508 too etc.-these catalogue numbers are the serial numbers of the
active stars in the work of Haro et al. 1982, "A Catalogue of the Pleiades Flare
,Stars").
c) Some of the Konkoly serial numbers (Kl, K2, . .. Kl3) were left out of the list to
make the unambigous ranging possible for the flare-ups observed by Hungarian
astronomers, and published previously (Bal6zs et al. 1973). Consequently we deemed
the following coordinations (identifications) advisable:
Kl : B 129 (KB 129),K 2: B 130 (KB l30HAmbartsumian et al. 1970, Haro
et al. 1982)
K 3 : I (H II 1094), K 4 : 2,K 5 : 3, K 6 : 4(H II l06l)-(Bal6zs, Vardanian
1970)

TABLE II

Notations of
Eotvos
catalo-

gue
number

Asiago Byurakan Konkoly Tonan-
tzintla

F I  A64(Pigatto,
Rosino l97l)

E 2

E 3 .

B2I I  D
(Ambartsumian et
al.l97l)

4
(Bal6zs, Patk6s 1972) 

412

5 D (Balizs, Patk6s
1s72) 447

6 D (Bal6zs, Patk6s
rs72) 3r7

3 1 8



Notations ofEotvos
catalo-

gue
number

Asiago Bvurakan Konkoly
Tonan-
tzintla

E 4

E 5

E 6

E 7

E 8

A I O 8 D
@gatto 1973)

E 9

E l 0

E l l

E r. A 7l (Pigatto,
L t ' 

Rosino l97l)

E 1 3

E t 4

E t 5

E t 6

B I 7 9 D
(Ambartsumian et
al.l97l)

B 4t4
(Ambartsumian et
al.l973)
B  4 1 5
(Ambartsumian et
al.r973)

B 416
(Ambartsumian et
al.l973)

B 417
(Ambartsumian et
al.r973)

B 455 (Mirzoyan et
al. 1976)
B 456 (Mirzoyan et
at. 1976)
B 457 (Mirzoyan et
al. 1976)

B 458 (Mirzoyan et
al. 1976)

(Bal6zs, Patk6s 1972)

K 1 4
(Ba16zs et al.1973)

K 1 5
(Bal6zs et aI.1973)

K 1 6 D
(Bal6zs et al.l973)

KI7 D
(Bal6zs et al.1973)

K 1 8
(Balr{zs et al.l973)

K 1 9  D
(Bal6zs et al. 1973)

K2O D
(Bal6zs et. al.l973)

K2 l
(Bal6zs et al.1973)
K24 D
(Szecs6nyi-Nagy 1974)
K2s
(Szecs6nyi-Nagy 1974)
K26 D
(Sz6cs6nyi-Nagy 1974)

K27
(Szecs6nyi-Nagy 1974)
2 D
(Bal6zs, Patk6s 1972)

150

6 8 D

3 1 8

t9r

l 5

273 D

455

250

169 D

356

8 0 D

379

98

3r9



TABLE II (cont.)

Notations of
Eotvos
catalo-

gue Asiago Byurakan KonkolY
number

Tonan-
tzintla

E t7 
B 459 (Mirzovan et K 28
al.1976) (Sz6cs6nyi-Nagy 1974) 

354 D

E l8 
B 460 (MirzoYan et K 29 D
al. 1976) (Sz6cs6nyi-N agy 1974) 

476

E 19 
B 461 (Mirzoyan et K 30 D
al.1976) (Sz6cs6nyiN agy 1974) 

187

E 20 "^r.o?nffo^van et 
6jJ,Ar.* asy te75) 4ss

B 463
E 2l (Mirzoyan et al. 

K 32 D

tg76) 
(Sz6cs6nYi-N agY 1975) 

507

B 464
E 22 (Mirzoyan et al. 

K 33 D

tg76) 
(Sz6cs6nYi-NagY 1975) 

405

B 465
E 23 (Mirzoyan et al. 

K 34 D

tg76) 
(Sz6cs6nYi-NagY 1975) 

442

' , - 2 4  
K 3 5 D
(Sz6cs6nyi-N agy 1975) 

421

B 503 K36 D
E 25 (Mirzoyan et al. (Rosino, 132

l98l) Sz6cs6nyi-Naey 1978)
K37 D

E 26 (Rosino, 472

8 2 7

E 2 8

E29

resl)
B 505
(Mirzoyan et al. (Rosino,

B 504
(Mirzoyan et al. (Rosino,

Sz6cs6nyiNagy 1978)
K 3 8 D

Sz6cs6nyi-Nagy 1978)
K39 D

Sz6cs6nyi-Nagy 1978)
K 4 0 D
(Rosino,
Sz6cs6nyi-Nagy 1978)

172

503

475

les l )

320



TABLE II (cont.)

Notations ofEotviis
catalo-

gue
number

Asiago Byurakan Konkoly Tonan-
tantla

8 3 0

8 3 4

E 3 5

E 3 6

F,37

B I I 8 D K4r
(Ambartsumian et al. (Rosino,
r970)

B s06
(Mirzoyan et al.
le8l)
B  I 1 5 D

Sz6cs6nyi-Nagy 1978)

K 4 2  D
(Rosino,
Szecs6nyi-Nagy 1978)
K 4 3

Sz6cs6nyi-Nagy 1978)

K22 D
(Bal6zs et al. 1973)

K 4
(Rosino, ,
Sz6cs6nyi-Nagy 1978)
K 4 5  D
(Rosino,
Szecs6nyi-Nagy 1978)
K 4 6  D
(Rosino,
Sz6cs6nyi-Nagy 1978)

K47 D
(Rosino,
Szecs6nyi-Nagy 1978)
K 4 8 D
(Rosino,
Sz6cs6nyi-Nagy 1978)

103

E 3 l

F ?, A 95 (Pigatto,
Rosino 1972)

E 3 3

(Ambartsumian et al. (Rosino.
re70)
B  4 1 8
(Ambartsumian et al.
re73)
B 507
(Mirzoyan et al.
le8l)
B 508
(Mirzoyan et al.
l98l)
B 509
(Mirzoyan et al.
r981)

B 510
(Mirzoyan et al.
l98r)
B  5 1 1
(Mirzoyan et al.
1981)

43

454

90

408

336

402

163
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TABLE II (cont.)

Notations ofEotvos
catalo-

gue
number

Asiago Bvurakan Konkoly
Tonan-
tnntla

E 38 i"li.s'iffi'
E 3 9

B 5r2
(Mirzoyan et al.
le8l)

K 4 9
(Rosino,
Sz6cs6nyi-Nagy
K 5 0 D
(Rosino,
Sz6cs6nyi-Nagy

325 D
1978)

. 407
r978)

Rnuks:

- letta 'D' mks thc obceratory fint obwing ihe flare up of the object
- objets E 16 and E 33 got tvo sial numbers on thc differcnt Konkoly lists. Both were disovered by the researchus of

this obccrvatory, the sDalltr of the Konkoly nmbers rcfss to the disovery
- drc to s misundeFtandhg thc objcct E 33 wm takcn into the list twice at the Byurakan Obswatory, though each object

is allowcd to appear only one on that list, not like in the Konkoly list whm every flare event gets a sial nmber

K 7  :  l , K 8  :  2 , K 9  :  3 , K  1 0  :  4 , K l l  :  5 , K 1 2  :  6 , K  1 3  :  7  - ( B a l 6 z s ,

Pa&6s 1972)

Unfortunately this proposition never has become a really popular one and it resulted
in two troublesome outcomes. Firstly there are obscurities of the designations (as
explained under b) and secondly in the papers deatng with'flare-ups detected in the
Pleiades field there are no references at all to the flare events K 8, K 9,". K 13. In
such a way these catalogue numbers were omitted from the lists.

d) Finally it is lucky that there are such flare observations (K 14, . . . K 23, Balilzs
etal.1973,K24,....K 30, Sz6cs6nyi-Nagy 1974, K 31,....K 35, Sz6cs6nyi-Nagy
1975 and K 36,....K 50, Rosino, Sz6cs6nyi-Nagy 1978) the ranging of which are
unanimous both according to the discoverers and other authors (Ambartsumian et
al. 1973, Parsamian 1976,Mirzoyan et al. 1977, 1981, Jones 1981, Stauffer 1982 and
Haro et al. 1982) too.

5. Summary

On the base ofthe given results it can be concluded that the 85 hours long observa-
tions made possible to detect 39 flare events. That means that the described method
gives almost exactly the same results as the one of the researchers at Byurakan (in
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average they needed 2.h20 to detect a flare-up-Ambartsumian et al., 1973-we
needed 2.h18), and somewhat better tfian the one at Asiago (there 2h 40'was necessary
to register an event-Pigatto, Rosino 1972).The di-fference is due, not to the difference
of size and aperture ratio of the telescopes at Asiago (though one of them is slightly
larger, the other is quite smaller than the telescope at Piszk6stet6) but to the fact that
instead of the plates, which are extremely expensive, though perfectly suitable to the
purposes, Kodak Tri-X sheet films were used. The sensitivity of this emulsion type
is worse-mainly because of the reciprocity failure-than the sensitivity of the special
astronomical emulsions,

The fact that the one-third of the detected flare-ups occured on such objects,
which were not known as flare stars from earlier observations, supports the con-
clusion of the author, based on other arguments, that there are a large number of
latent flare stars in the field investigated (Sz6cs6nyi-Nagy 1978, Sz6cs6nyi-Nagy 1979,
Sz6cs6nyi-Nagy 1983). On the other hand accepting the earlier estimates for the flare
star population, the number of the returning flare-ups ought to be in majority.

Though the discovered or studied objects are extremely dim, because of the
outstanding importance of the problem there were efforts to determine whether the
flare stars are cluster members or not. According to the result of the investigations
of Hertzsprung, that we have already mentioned, the brighter cluster members were
distinguishable, and in case of some objects we could safely decide that they did not
belong to the cluster. Thus we could concluded that the object E 17 belongs to the
Pleiades, but the E 23, E 34, E 36 and the E 39 are not members of the cluster. The
others, in majority on the base of their relative position to the known members of
the cluster were considered as very probable cluster members. Fortunately there was
an "adventureous spirited" astronomer who gave the probability of being a member
ofan open cluster for the newly discovered flare stars (Jones l98l). In his investigation
he studied with special attention whether a correlation exist$ between the probability
of membership of the flare stars and the place of the discovery. For us his results are
reassuring because the stars chosen from the Konkoly list are members of the cluster
with probability of 0.73. Only the observers of Tonantzintla have better results than
that (0.75). The average probabilities for the other three observatories: Asiago 0.56,
Byurakan 0.38 and Sonneberg 0.01. The question of membership is important in the
case of flare stars because the validity of a theorem of the birth and evolution of the
stars can be proven or disproven by the abundance ofthese restless stars in the clusters
of different ages. In the literature we have found probabilities of membership al-
together for 15 stars (38/") ofthe 39 object ofthe E<itvos catalogue. l0 ofthese have
probability higher than 0.75, they are probably members, the remaining 5 are possibly
not members. If the sample adequately. represents the flare stars observed and still
latent in the area, than it could mean (Sz6cs6nyi-Nagy 1979, Sz6cs6nyi-Nagy 1983,
Sz6cs6nyi-Nagy 1984) that the population of the Pleiades reaches 2000 against the
todays known, or at least considered as known 329 cluster members (Pels et al. 1975,
van Leeuwen 1983).
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