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P R E F A C E

The f i rs t  sympos lum o f  f ,he  subcornmiss ion  No.  6  (S tar

C lus ters  and Assoc la i j -ons)  o f  mu l t i la te ra l  coop l ra t io r r  o f  the

Academy o f  Sc lences  o f  soc ia l i s t  counf r ies  on  t tPhys ics  and

Evo lu t ion  c f  S tars"  was  he ld  1n  Budapest  be tween 12-14 September

1 9 7 7 ,  s i : r u l t a n e o u s l y  w i t h  t h e  s e c o n d  m e e t i n g  c f  t h e  s u b c o m m i t t e e .

I t  . r a s  a  j o i r - t  a r r a n g e m e n t  o f  t h e  R o l a n d  E o : v d s  P h y s i c a l  S o c l e t y ,

the Konkoly Observatory of the i{ungarlan Academy of Sclences and
- " h e  D e p a r r r e n t  o l  A s : r o n o m y  o f  t h e  R o l a n d  E b t v d s  U n i - v e r s i c y .

T h i r i y - f o u r  a s f r o n o r x e r s  o f  s e v e n  e o u n t r i e s  p a r t l . c l p a i e C

in  ihe  sympos ium.  ?he sub jec t  was  t tThe ro le  o f  s ta r  e lus te rs  in

cosrnogony anc i  in  the  s tudy  o f  ga lac t lc  s t rue ture t t .  Th is  sympos l -

r : r  nas  e i f i c ien t ly  cor r t : ' i bu ied  to  the  survey  o f  jo in t l y  cbLa ined

r e s : L t s ,  s c  f a r ,  t o  t h e  s e l e c i i c n  o f  m o s !  i m p c r t a n t  d e s l i , e r a t a

f 'or luture t iork, and the broadening of contacts 'di t i ' I  astronomers

c : ' n e i g i l b o u r i n g  c o u n t r i e s  n o t  f a k i n g  d l r e c c l y  p a r i  i n  t h e  o r -
g a r . i z a i i o n  o f  o u r  r . u l t l l a t e r a l  c o o p e r a t i o n .

Seventeen papers were read at  the symposium. Thls voiume

corta j -ns t i re  complete texf  of  a l - l  but  two papers the manuscr j .p ts

ol ; ih leh haC r ;o i  been recelved ln t l -me ln order  to publ i .sh them.

I i  l s  the  honou: '  o f  the  ed i to r  to  express  h1s  apprec ia t ion

to  a l1  ihose who cont r lbu ted  to  the  success  o f  the  sympos lum-

The Edl tor
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FCPOF.f OII THE PF-ESE-IT STAGE 0F PR.EP-4.ru-TI01{ 0f lHX ist

SUPPLEIIEI.IT t0 THE CA!.qIOGUE 0F S!A.B. CIUSTERS A];D

ASS0CiAtroi'IS

J. Riprecht

lhe 2nd edJ.tion of the Catalogue of Star Clusters

and Associations was published. j.n Budapest in 1970. ft

contai-ns entries excerptecl from the l iterature roughly up

to the year 196?. At tbat tame /L,e. la l97o/ it hed' alread.y

been agreed. with Dr' B6la BalSzs that the publication of

Supplements to the Cata logue of  these 1aterest ing objects

would.  be usefu l .

In the period after tbe first ed'it ion of the

Catalogre we had. alread.y prepared', together witb Dr' G' Alter

and with other collaborators, nanely Prof. V. Vanysek and'

Dr. Helene Sawyer Hogg, a:r:rual suppleaents whj-ch were

pubtished. as an append.ix to the Bulletin of the Astrononi cal

Inst i tu tes of  Czechoslovakia / I , i .c / .  A tota l  o f  !  suppiecrenis

were published. between tbe first a,nd' the secorrd ed.itj-ca of

the Catalogue. Eowever, at that t ime \ree only published the

eatries excerpted frora the l iterature in a generral folsl

assuning tbat users themselves woula! i.:rsert the separate

entries into the corresponding cards. since this maaner of

supplenenting the l iterature is certainly rather laborious,

the conclusion was reached that it is necessarf ?o speci.fy

d.etai. l-s in the Suppleaeais to the 2ad edJ-tion in- the same

way as they have been eaiered. in the Catalogue. Thi-s is

certai:rly eonvenient for users but the arrangenent of d.ata

requi-res rruch more of the autb'orts ti-ne

In preparing the supplenents to the lst ed-it ion

we tried for marjsrum generalizetion of a coumon text fcr the

indivj.dual objects to mirrinize the spece requj.red in the

BAC, Iforcever, i-n supplements to the 2nC ed'itio::r I th:jlk' it

is  necessery to g ive the mcst  cornplete in for-a i :cn on eac} : .  
'
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i : rc iv id.uei  cb jec i  cn the one l ine reserved fcr  each entry .
ic : .  exa: :p le,  in  the suppleeents to the f=,  "a i r i " "  3-colour
pi:ctcr,et:.3: for g'eat nunnbers of star clusters was eommonly
r o i o r > o ^  + ^  h ':sr -a;Eu uu u,v t i re  sane entry  t t  j -co l .  photonetryr f  ,  but  the
suppie: rents tc  rhe Znd edi t ion g i .ve the nunber of  photouetr i_
cal i i -  invest ' i  ta ied s iars,  ind iv idual  co lour  excesses and
e h = ^ t F i i  a n  f ^ -  ; ^ ^ L  r ' - r r - - r  rsvevayuru!  ror .  €&ch indiv idual  s tar  c luster ,  or  j . : r  another ,
ce'se cf t ire -lonner cc*&on entry "Agg, we now specify the
.luleric vaiues of the age of an objeet for each indlvidual
c&s€e I t  is  our  end.eavour to p"o.r iae the user  of - ; ;
q ' I n $ . ' l - a n o n +  . ' i  + L!4!y!sdE'u v,ruu l id,xiir iurn infornation available d.ireetly fron
the  Supp lenen t .

In pr inc ip le eaeh nent ion of  an indiv id.ual  object
1s taken as an entry provided it has occured in en orfl inaf
- -c ieni l f :c  papef ' ,  or  in  an abstre,ct  f rom a sc jent i f ic
cc: : ierenee.  Or:e could object  that  some ment ions are not
i : r n n f  q r 1 -  a n ^ r r a h  + ^  n . . L 1  - '  - L  i  -  ! 1 ,-I. 'r-vf !Gr-u srruuSrr to publish in the supplement. The argunent
- . ,3ainst  th is  objec i ion,  of  course,  i "  t i l . t  i t  *o l r fa  t ien le
dl f f icu l t  io  d-ec i .d.e i f  the in fozmat ion about  an ob;ect  is- -
inrc ' iant  enough to be entered,  orr  i f  i t  is  ioo t r iv ia l  to
be revier.red.. Decrded.ly, the Catalogue carrnot be l imited only
t o r e f e r e n c i n g , s u c h p a p e r s i n w h i c h s o r i r e o u ; e " t : h " u b e * a
: e n t i  n n e d  A i  h 6 ^ + ]  u  r ' n  * L ^  + i  ! a  -  ^ly in the title and to d.isregard. inforrnation
cn other  objects.  Af ter  a l l ,  i f  we were only to record such
rapers, vre wculd l iullt info:mation on objects in the catal0gue
t c t h e s a r e s t a n d . a r d . , i f n o t } o w e r , a s i n v a r i o u s r e v i e w �

' j ou rna l s .

Und.erstandably, this mnnner of preparing the
eupplenents is nore tirne 

'consuuing. 
The amouat of scientific

lnfo:mation has'i,ncre4sed tc an irnpreced,eirted. degree in the
2nd' half of our century; This is arso coufi:meo iv tue 

----

statisticar' data pertinent to our catalogue. ttre aevetopment
of the totar sum of the enirres in the cJt"roe,." ;;"-;;;;;;;"t
years i .s  shown in F ig.1 z t949,  tg i5 /L.e,  the- t in ;  ; r - ; ; ; - ; " ; "'ed i t ion 

of . the CataLogte/ ,  19Gl  ,  67 /L.e.  the t lme of  the
d.ead.iine for the 2nd edition of the Catalogue,/, and 1973
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, / ihe present  s iate cf  the nunber of  entr ies/  and.  io : r '  the
- ' ^ ' l  n r ' , . i  r q  a h i e n t q .  ^ n A n  e  

' i  
r r s i r t r T r  -  S t e i l a f  O - a S S O C i a t i O n S ,- u ; r v r r 4 - ! -  L , v d e v u r .  v ! v f r  v + < v e v - ! t

: i obu la r  c i us te rs  and  a l l  ob lec t s  a l t oge the r .  t he  l s r  eC i t i on t

Io, r " " :og the per iod f901-55,  conta ineC aboui  iO ?OO entr ies '

: he  2 r i i  ec i r i cn ,  cove r - ' I g  t he  pe r i od .  L956 -57 ,  i nc luded  17  100

entr ies,  but  dur ing the per i -od covered.  by the Supplement  /L.e.

) -963-73/  the inerease is  represeated.  by about  11 3OO entr ies,

i ,e .  approxi reate ly  4A% of  the whole Cata logue up to the year

At th:-s stege a nuraber cf setbacks are nentioned,

co::,3arei r., ' j- ih ihe peri-ods .of prepari-ng the suppleraents to the

ls t  eCj- t icn.  F i rs t  of  a l l - ,  rve rv ish to record.  the absence of

ihp rersonal i tv  nf  Dr .  George Al ier ,  whose nenory we shouid.

l-ike rc coinnemcrate here. Dr. Alter worked. sedulously on the

]sl e.i i t ion of the Cataiogue, i-ts supplements and in prepari:tg

rhe 2rd e i . i t ion,  and he devoted to them a great  par i  o f  h is

iree tine as a pensioner'. Unfortulately, we do not have the

sa;ie anount of t ime to prepare the supplenents at our disposal.

A further problem is excerpting the steaCily in-

crcqsi r - -  enn,rnt  of  publ ished l i ierature.  lhe basic  so-arce of
v -  v * v - . . b

i : i ioi-..at-i clr concel-rt ing relevant objects can sti l l  only be

gained. b;.r dil igent siud.y of l i terature and only in subsequeni

t reatnent  i i  is  possib le to make use of  a computer .  I t  would '  be

cf  innense help to us i f  sonebod.y were to excerpt  some

seierlt i: ic journals and. tc forrauiate the appropriate entries'

cr at very least prepare a l ist of pages where data on the

i:rdividual objects could be found.

Sone publications are noi available to us and it is

hard. to obtain the j-:efonration in thein. I would. like to repeat

the appeal already made many tines in the former ed'it i-ons of

:he Catalogue and in its supplernents, as well to all auihors

ci papers i-n which star clusters or stellar associaticns are

r:.entioned to sencl us their reprilts. Or work would become

t:rirch easier by authors ihenselves preparing entries from

U::attainebl-e publications. I would. assume that the seferencing

cf the author's psper in a comprehensive fc:rn in the supplement
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to the Cata logue and the fact  that  the paper would.  come to

ihe not ice of  the rvor ld 's  specia l is ts  work ing in  tb.e invesr i -
gat ion of  these objects,  would.  be suf f lc ient  compensai i -on for

a repr in i  or  copy of  a paper sent .

Supplement l lo,l to the Catalogue wi-l l be organized

simi lar ly  to  the supplements to the ls t  eCJ. t ion.  fhe

introd.uctj-on wil l be followed by a }ist of errors and short-

comings found. in the 2nd ed.it ion, bX a lJ-st of new general

abbreviations i-ntroduced., as well as by a l ist of journals

anil other publications newly j::.trod.uced., apart from a U-st

of newly i-ntroduced. objeets, In the reviews published. to the

2nd. ed.it ion of the Catalogue a justif ied. crit icism appeared.,

i .e .  i f  in  the 2nd edi t ion the sequence of  open star  e lusters

followed the sequence of the galactic longitud.e, then in

add. i t ion to th is  sequence other  l is ts  wi th the sequence of

open star clusters and of stellar associatj-ons fo11ow'jrg the

sequence of the right ascensions should. have been includ.ed..

We will correct thi.s imperfection and. i:e the Supplement the

list followi.ng the sequence of right ascensions, inclusive of

new objects,  wj . l l  be publ ished. .  Fur ther ,  the l is t  o f  new

entries accord.ing to individ.ual objects wil l follow.

In th is  respect  the concept  of  the Cata logue is

not  qui te c lear  yet :  should we assume that  the major i ty  of

the users of the Catalogue wil l want to cut out and stick the

texts, c'orrespond.ing to the ind.j.vi-d.ua1 objects, on to Catalogue

cards?, In th i -s  case the text  would have to be pr inted only on

one sid.e of the paper, But if the najority of the users wil l

not want to do this and wil l ccatent thenselves wj.th the fact

that the l iterature on the iadiridual objects, beginning vrith

1958, wil l not be on individ.ual card.s but they wil l only turrr

over the leaves d.irectly i.n the unbound. book of the lst

Supplement ,  or  la ter  in  the subsequent  supplenents,  then f

suppose i t  would be nore reasonable to pr in t  the text ,  as

usualr ,on both s ides of  the paper in  sequence of  the indiv idual

objects.  This  second possi -b i l i ty ,  in  r .1y opin ion,  is  ad.equate

and I recornmend. putting it into effect.
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' r l :. lat inforrration can be given cn the entries prepared.
sr ,  fqr .? At  nresent  about  i l  j5O entr ies have been n?-onercdL !  J J v  P r v r 6 r 9 U

and it may be expecteC that the nunber of entries wil l further
- j-n:redse by mcre than 10C0 entries before the manuscript is

frnished.. 0n comparing the second eCition of the Catalogue
w:-th ali i :ost 28 OOO entries an<i the lsr Supplement , we see that
the latier eontains nore tlan 40 % af the whole Catalogue and.
that it is nore extensive than the first editi-on of the

Cataiogue.  ' Ihe nur :nber  of  objects hes been increased by 101 new

ob jec t s ,  spec : f i ca l l y :  by  55  open  c ius te rs ,  4  s te l l a r  g roups ,

10 ste l lar  assccj .at icns,  12 g lobular  c lusters,  and by 9
e+rragalact ic  objects in  whi-ch c lusters or  associa i ions ha.re

been invest i -6aied.  qui te recent ly .  A number of  Lod6n's objects
has beer:  inc luCed in the open c lusters,  though th is  should.  be
unierstood as a work ing hypothesis ,  fh i -s  is  af ter  a l l  in

agreement with the general concept of the Catalogue which

should be consid.ereil a working tool, without crit ical corunents

io the authors ,/except for apparent numerical errors or misun-
r i  e rq i en r l i  r a  i  n  i den t i f i ca t iOn  o f  t he  Ob  j ec tS r / .

As a. exarapie of an interesting coltection of entries

incl-ud.ed in the Supplement, I should l ike to mentiorr The

P.evised General  Cata log" , re of  Nonste l lar  Asi rononlca]  Objects,

r'*l ich vras published by J.W. Suientic and W.G. Tifft of the

university of Arizona in L973. Atl the clusters occurj:rg in

the :iGC will now have entri-es from the Revised. NGC w-ith the

descr ipt ion quoted.  according to Dreyer 's  o ld NGC. This a lso
' inc ludes 

a l l  the objects of  the NGC star  c lusters f rom the

l,lagellanic Clouds with their description. Users of our

Supplement No.1 wi-l l ia fact have at their disposal a transcript

of the i, iew Generel Cetalogue for open and. globular clusters.

Without doubt the regrettable matter concerns the

d,ate of  ccnip let ion of  the Is t  Supplement .  According to p lans,

i t  vras due to have been completed.  in  1975;  Unfor tunate ly ,  the
plans were not  fu l f i l1ed for  the reasons out l ined ear l ier .  I t

is hoped that the handwri-tten copy wil-l be ready by the end.

of l lcvenber L9.77, the typescript by the end. of January 1978.



_ t 7  _

I ano fully aware of the so,nsequeaces of thi-s unforrunate

situatlon to aLl- the persons intersted. i.:r our Catalague but .

neverthel-ess, hope tb.at even with this delay the Lst

Supplenent ri l1 facil l tate the work of all sPeeialiste inter'

eSted i.n star clusters ancl associati.ons.
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INIERSTEIIAII ABSORPTION IIi fH3 FEGION OF A5S SCONPIUS OB 4

A.  Anta lovd

J.A. Grahani

A b s  t r a c  t

Us i : rg  the  VBLU photoe iec t r i c  photonnet ry  o f  2C6 s ta rs

in  the  ne ishhor r rhood Of  Ass  OB 4 ,  the  fo l l c rw j -ng  quant i r ies  te re

computed:  the  ln te rs te l la r  absorp t icn  Av ,  the  phc tomet r ic  c i i s tan-

c e  d ,  a n d  t h e  s p e c t r a l  t y p e  ( T a U s . 4 ,  5  a n d  7 ) .  T h e  o b s e r v e d

s tars  a re  marked i -n  maps 1_and 2 .  The assoe ia t ion  Sco 0B 4  has

a low abscrp t lon  (oT5 rpc- t ) ,  however ,  towards  the  ga lac t ic

equaEor  a  ro reground dark  c loud (CC)  is  p ro jec ted  w i "h  A , r=  4m'

The func t ion  Ar r (d )  fo r  the  lnd lv ldua l -  zor ies  o f  ga lae t ic  la t i -

tude is  i l l us t ra t€d  in  F i -gs .  9  and 12- fB .  The assoe ia t i -on  Sco

OB 4, l ike the angularly close H II  regions NGC 6J]4 and NGC

6157,  i s  loca ted  a t  the  d is tance o f  the  ls t  inner  sp i ' ra l  a rm '

PegpMe

llcuo.nrsya iwr,u, $oto s*ertpncecKJm Qotouerpun 206 gee gg

B Ass sco OB 4,cne.4yioqEe BeJMiIIHI{ du;'ts sutucneng: MexgBe3.q,Hoe

trornoqenue Au., Qotouelpusecxoe paccrofiIrue d , U cIIeKTpaJIIfS{i

\frr.. /Ta6n 4, 5 u ?./ Ilad.m.qerutr,Ie 38e3,4r OrMesemr Ha Kaprax

I. s. 2. Accouarg-a sco0B 4 o6*a,qaet ffigxoft adcopdryrefi /0Y5
xnc-I/, no B HatrpaB.tlel{uu raJlartnqecxoto gftBaropa reMl{oe o6naro

/cc/ c A = 4M trpoexrtrpoBaxo. oysrur-E l'.u/a/ AJLfi o?rerlsxl{x 3oH

rarraKTtrqecKoft EtrpoTH sr.lEocrpnpoBasa B ladntrqax 9 r i2-I8.

AccorEary-a sco 08 4 uo.4odso yrneBo-coce.qg$\i1 odaacr-mt n II
Ncc 63'34 uNcc 635?, Haxo.qgTcfi B paccrosiutr uepBofi Blryrpelii{oft

raraftTusecKofi BerBE.
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Ass Sco 0B 4 in  t fe  Cata logue of  Star  Clusters and
Associations has the followi.ng coordinates:

ARr95o -  L7]n 11111.4 D""1t950 = -33oo7,

] = 352.8oo b -  +  J , 2 O o

The early stars j-n Ass Sco OB'4 are d.istributed. unif onnly
wi-thout narked- concentration, there is no open cluster of
type O, rroT an H II region i-n the nei-ghbourhood. In the
region a dark cloud /CC/, drawn w-ith a d.ashed line in Fig.l,

is clearly in evid.ence at optical wavelerlgths. The purpose

of this paper is to determine the interstellar absorption,

the spectra aad the photometric d.istance of the stars in
the region of Ass Sco OB 4, Ln the neighbourhood. of the II II

regions NGC 6334 and. 6357, RCW 130 and in the region of the

cold cloud using VBLU photoelectric photometry

The photoelectric observations of 205 stars were

nad.e by J. A. Graham with a five-colour photometer attached-

ro the 35- inch ref rector  at  the Leid.en Southern Stat ion in

South Afr ice.  The photometr ic  system has been descr ibed by
'"/alraven et al. /t96O,1964/.

In the four-colour VBLU Wal-raven photometric

system the quant i t ies /B -  L/ '  and.  /B -  U/r ,  computed

accord.ing to ihe equations

/B -  L/ '  = /B -  L/w - O,35 /V -  B/w

/B - u/ '  = lB -  v/w - 0.66 /v -  B/w /2 /

correspond to the quantlty Q j-n Johnsonts systen,

The VBIU photo-electric measurements of 198 stars

end photometric quantit ies computed. from them, the spectu::m,

interste l lar  absorpt ion,  photometr ic  d is tance,  are g iven
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in  the paper by Anta lovd and Graham / f975/  in  tab,4.

The : -ntersteLlar  absorpt ion 4y was computed in

this paper with a stand.ard. value of the ratio of the total

to  seleot ive ext inct : -on R = AV /  EB-V = 3.0.  The colour

excess of  ihe Walraven system is  associated.  wi th the excess

in Johnson's system, accord- ing to the re lat ion der ived.  by

vialraven et al. /1964/ , EB_\, /Johnson/ = 2.7 * Bts-v

/Walraven/, The interstell-ar absorption for the indivi.dual-

gal-actic latitud.e zones was investigated. The eomputed.

interste l lar  absorpt ion for  co ld cfoud.  /CC/ is  shown in

Figs 2 and 3.  The interste l lar  absorpt ion in  th is  region is

st rongly var iable.  The cold.  c loud is  c lose to the Sun.  As a

resul i  o f  the f lake- l ike st ructure of  /CA/,  we observe a

large differenee in absorption also with angulary close stars

,/Nos. 16? and 168 - difference 4m in Arr/.

The group of 55 0B stars, belonging to the Ass

Sco OB 4,  d isp lays low absorpt ion in  compar ison wi th /CC1.

lhe function -4U /d,/ for the Ass Sco OB 4 region is shown j.n

Figs, 4 and 5. The mean di-stance of the OB stars of Ass

Sco 0B 4 is  1,5 kpc.  Even for  these stars the in terste l lar

absorpt ion is  generated.  in  c lose cold c loud.  /CC1.

In the strongly absorbing regj-on /CC/ as well as

in the obscureil but more transparent regions at the galactic

equator there are 55 OB stars at e. mean d.istance of t.7 kpc,

?he OB stars are from this VBLU photornetry as well as the

OB siers from l,SS /Stephenson and Sanduleak, !97L/. T!,.e

southern edge of  Ass Sco 0B 4 is  sever ly  af fected.  by the

variable interstellar absorption of t}re /cC/. It is therefore

possible that Ass Sco Ots 4 is only a part of a larger

complex of earty stars ranging from the H II region

l,1t-GC 6334 to the H II region NGC 6357 w|t]n e continuation

to H I I  region NGC 5383.  Af1 these H I I  regions are '  I i .ke

Ass Sco 0B 4r  at  a d is tance of  the f j - rs t  inner  galact ic  arm.
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3E:;rliii,i C0CTAts ts ObIACT/,X 0-A0g0ii/Aliri;i xi;EiE CB4 '
iilcEfi-f,ft?liliA 031 { rdcclioilln 089

i. lrerana C.PaIceaasosa

PesnMe

l iactos i4as pa6cta BU11gnEeHa aa 0cggBe Cn€i i tpsr ' i5 i ig Io i iAdJi iF

LAte;1bi tg3g UAte-gf ian3,  I IgJ lyqeEtsCI0 BA 70-CU 11egi ]encB0l i  te i leCi{6-

l ia  A6acTyuaEc$ot i  acrpoQl l r ' iqecnol i  c6c€pd€topuu'  :  i lp idueE€i i i :eL l

80-npe4cOt€$T !tBH0 il l ipl!3t{H. 06paraaa LldcllepcllR i l ps Cil iupeEiie

'  
l ia  ocsose ct rOglpai1Sgqtg Ea$nigAalen5gorq [aTepnAna'  38cnf i -

I0 .F0 Ha ?Q-Cu USBUCK-gBcu IeJIeCnci l€  A6aCryUauCEou AC' IpG: i l3 ldtec-
Hcd 06ceDBaropld i4.  c  np! lMeEeHi leu 8"-  | ipeA005eKI!58Hcf  i l i j ! l3u i i
(Zacneccsg 1 i6 Ar luu nbu i i r  )  '  runoauena cn€KrpaJisEaf l  $r- i?ecx: l lKa-

ias onbao 1, t  0u0 3Be; jA 3 00r ' i0CTf iX^0-acccqxaqlr f i  J iegeAb ul+ '  1 .e-
Jef : -n*eOl :qa 0.u1 u KacCf iosef l  0d9.  Ctat lcruqecrc ldI  aua; ; :3  . I ,a i t i t i lx
f;aaccll*?:itaq'avt Aan B0Btdcsgqc1b trsnyqu1b pagiipeAeile6fie 3Be3tr 110

CilefiTpAnlnhi),t l tJiacCa[d U ii i jaggau cBeIiJl;cct!lr ffafi u B]IEIJuoe nctsep-
xH6ct i roe pacrpetreneui ie  rqpf iqxx aBe3E ! l  3u l lccxcnt i t lx  9gler tc tg i . - l
tpex i l c cJi€tro 3-a fl i{ i lx y Lia cr i ibx. {a19 rytep I T l lr !a glp e'aexe H l1i4^ i io $a-
aiaaet. qt0 CAuiriu ui:rrOAau frBilff8TCfl EACeJie!i! le JEd3A B 00.-iagtA
icccr t l6gu; ,1 qg;e l r -Adie0l tqa 0ts1 '  caubl l {  crapg$ :  9 gg1act i l  accGqi l -
AIlf i!,: j ' ie6e.AE 0o4. tsuCi:aeani,i i ionolopHe npeAIIonoEeHrfi GTEocgT€r-i]-
BO peanbi iccTg B Mectcnoi io : i less8 accoquSqldf i -

Abstract

0 n t h e b a s l s o f a s p e c t r a l o b s e r v i a g n a t e r i a l ' o b i a i l e d .
on the ?o-cn nenJ scus teieseope^of the Abasturani astropbysi-
cal  obsercatory by means of  e-8u-  object ive pr ism (d ispers ion

166 .{nn at Eii, is 'ade a speetral classiflcatioa of about
if OOii stars :-i ' iegioas aroured the g-associatlons Cygnus 034'
Cepheus-Lace:rta OFt aae Casslopela OB9. lhe statistical
an-alysis of t lee classification data bas given tb.e,possibi-l l ty
to d.irive the star distributioa aecording to spectral types
qni elasses lu:alnoslty, anC the apparent surface dj.stribution
of i:ot stars and enislioa objects in the tb.ree iavestigated
regi.ons too. Sce ehanac-Eer of these distrlbutlong has sho''vn
th;t the etar population 1n the regloa of Cepheus-Iacerta 03'l
association ls-the youngest, nn4 tbat i 'n cygnus 034 is the
oldest. Some suggeeiioni are ciscusseC about the reality 811d
the local i ty  of  the assoeiat ions.
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cnJdrp ' r .B c0grdeTcT.Bei i i i0  1{ j6  Ar 'uu npt  i i "  n  C.4 uu;  r , t0 i io . t j iJu i l6r ib i

*i iI0ii, ' IoCt.,i i{rtu l;0daii i Ia-0. tdJTfi iI0JiJqeii i i  cl letrTpaii:}Hde cHi;i id.itt

0 tJ i i ,s , i  n ;u4af ,5E Ha i ie6e 0xoi io  ?3C;ca.r -oa,q,yc€Br ts  0ui13ct f rx  acgo-

4i4oriIr: i ;feoeAr 0E4, i ie*elt-f iqepaqa AEt n i iacclroneR 089, qurypil-
p}-i. i i l ! !x B i israirore i.nrepa x Ap. (1970) c0oTBercTseHiio i lcA Ho|Je-
pa$$ ZZt 26 u 32. B radn;:qe l nplrselsiibr EHtsaropuaJilHiJe Kocp.Efi-

EarH i rx  qei { tpog AJis snox}r  1950 roAa,  06Jiacrb,  i rsropyiJ  0Hi4 aanl r -

6{6i}I i ia He0er I H0Bi{X IAJIAilT!:.IeCKi,lX i iOCpAAflA[AX !1 pACCT0flHiae ,
AO irrx ts rrspce(ax (l ,rrep f l  rp. ,1970i Pynpexr,19rj6; i i luuArr1958).

TAii:lrqA 1

rts VIJU i ' l lO . l  r t ,  r*r, , , S4r . . , , , n n
U 8' F n c

) A

Crlg oea
Crp-to.Orf

a a  ^ - . ^
\N,S UDY

zt\z{t
zzbtf:e
esbs4Tg
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f53046'
+59r44'

81+ 84
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109+118
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- 4  + 0
- 5  + 0

1000
1?00
800

?y'coao4crayfi cb MeroAraiioia Hnacclr;!ric0[!i0 Briofr pacio rbr, npuue-

E6eu0l t  B A6acsyMaEci io i i  06cepBar0prdl r  (XapaA3o,  bapraf l ,  1960),

6ii.na Brnoii i{uHa ;:-cneilTpanbiiaH }uaccH;nKarll4fi Anfl 0i{urriG 1l gJU

3Bd3A ts yiioriri i jr iJi 6onaerffx, rrpi: l ieM AJiff 00Jiee 60ft eaean $Jrac-

ci4*i. iaq!!.1 fiBnfiefcfl A8yi6e^cii0ii - II0 cneKTper]bgoftr] i inaccy E KiIac-

Cy cbeTiluOCTIJ. ltasAbl!. CtreiiTp i i l iaCCIdWUqldDoSaJICn AtsAJiiAHr C UHT.ep-

BAJIo3 I cAl:I i r0A; pe3yntfarEi AByX onpeAeJleHfih Or,iJi l4 tsaleu y0peA-

aeHb:. cpeasnn i{BaAparfiqe cnafl tsriyrpeEHfffl olluoKa, BHrlucJreEiiafl 8a

ocHctse 600 aaeal ,  c0craBJrf leT !0.6 cI IeHTpanEHoro nolHracca B otr -

pgherienuil cne;irper3Eoro Hiracca i4 10.6 ffJ:acca cBesuMocTl4 B 0lipe-

AeJieB! : ! t  Kr .acea cBet ! . i ,10cTU. cpasnenire f fnacc! i * t  Hal I I4 !J  aBr0pa c

zan'nL;{ t4 lpJrnx 4810p08,  BHi IorHeEH0e n0cpeIcTBGl{  HeKcr0p0r0 qgc-

IA A{ ; ) "X o i '€3L,  y} iA3hlBe€l  8a 5I10, ' iHe yAoBrel" tsoputeJl5Hco corJ la-

C ta t l:ct r: ge ccrii i  a Eai:i l3 Aai{itHx KiIa cclt ir i{a rjtt iv Aan 80 3!d0sH0 cgb

n0iiyttrj?l yaCllpelejieElle 3tse3,4 n0 CneilTpAJIBiiHM fifLAeCAU fl KJiACCaU

cBef i fn0cTn a uecr ,eEyei l i i lx  0dnacTf ix .  B To Epei{s ,  f iaK n l larpaM: iH

tsT0pGI0 7r\1a ! 0Ol.eu, He o:Ii i l i t lblr,Tcfi ApJl cl Apj'ra' Ha lrl6lpailNAX
pacB.ce,Aene'EL;|F, sitea4 ilo CneKTpaIbHitU iulSCcal,l I1p0fi lJlf ieTcfl pa3JIl l-

que t  C60t33L3:{ ; l .AX 35e.rA pAi ia ; .1X h na3! '$UX Cn€;{Tpan}gHX KJIaCCOE



F 6 T

Ass-22

F 6 T

Ass-26 Ass-32

rur.  1

(*sr.1).  ts etcu cusCi ie B o6necl! :  accoi i l la i i i tx i i ,€;eh-r iqepltqa 081

npoi i€aTi{oe caAepaaH:te pAEEiix 33e3A BA$C0J$Eee' B ooi lac1u aoc0-

q;:aqrrd ; iedeAr Qts+ - eal t ! {eabLee. 3t0t !es.r i iLIaI Koppent ip}€l  C

AaHiiidult 0 HgJi!t.{I4ii i '0-cfirl$x .1Be3A' 3SeSL Tljn6 E0,i-ibi;-Paie }, ts-3U!t-

CCr0liHirx, . iT0 ei;El ic IdA taoi-I i i t i i i  2. B IaHUCA ST0; lAoJl i l l lbi '  IJi f l

I igi tggTbt 1a[CniCgiiyi ,  EAUJd 6U.: l l  Agr:qeBin f i  f fpi i i :e f0pf i i le SEeSAbl'

n"r i4rp:." l l r i .-e R i i .?ra;3fex *l i -Ctreit lp8;- i l i iG;1 i i j l6CCAri: i i8: i ! ' l i l  i {EgKA t l
l r y  . . ,  v  A w  r r . r s

; ,p .  (1E6+) f i  l ie i ieAl  r i  Ap.  ( i974) ,  i lA i i  i , t  su i icc!4cci { i ie  3Be3AH'

i ina3aEts i : ie  B KeTai lore Io: iepl l ln ta (1V?0).

33 ?

TA.ol,;'iti 2

|  , r n

+Yo I Oo

1230 | 7?t
660 | 76

Bll t r iauoe n0BepxuocrH0e pacitpelene$!:e

IJe!{u( 06n3crflx npeaclaB.lea0 ca i,fir' ? -

Eil npysKauli, 38e3ls 0 - Bz - :ipys$aull c

BonsQ-Pafie -  KPecr!1KBi[n.

I 0p f l qHx  sBe3A B  l i c cne -

4. 5eeatru 83 odoaaaqe-
Kt,eCt i i iCUr 3Ee: iAH Mne
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jyyyyyyyyyyyyyyy�,.iecroii i c qedlpou ts acccgllaii;tL: 22' iieSeal 0E4.

Accoi{iaaiius C'6ggtsa ( Cg3ill) Bxggxr II0I ;J 13 n-cnucorc 27 $pyng$x

cryiiteiilt1: 3ile3A 8HC0iiqii cBetll!,t!CTId IcJIaccgB 0-A ;iOprana $ Ip.

(1953). Boauoxnuuu qJiegsnll accgquaqllll n0 liigp1ragy fi3nfill1cs iiJ

?01?35 (j.: Bu)' i iD ;.01619 (*ii BLp), Ht 202349 ("it 'u0'5rr)'

o C6(a;t Aglab). OBa se ei,lryplrpyer r0A ,,3 10 s ciMciie 62 0 u B

3Be3Ailbrx rpytrE ;iunAta (1958).

, t . , l i . l ton$nos (1956a),  paccuaTp!;Ba8 B0np0c 0 paI i I40saJtbHoM

BH60pe IpaBfitI BltAI,llIHx cryqealh ropffq$x 3BesA u !l3yqaR pac[pe-

A€r.r€E!!g 3B9BA n0 uoAynffu paggtqfiH!1fl B npe3enax 54 nU4UuUX cly-

qscftil, npeACfABnffioi:i$x BeqTo cpeAHee ue]rly arperafeMu 14 0-ACC0-

qgAqit f f t [ ! : ,  yCTAE0tsuJI,  qts 601bi l ! iEcTBO ! i3 Hl jX paCnAAaercn BA 2-5

iipoctpaiicsBglisble I'pylli ixpo8Kl4' saxoAflil luecff Ha pasBblx paccloffaH-

flx 0T cc,rnqa. flciio, llT0 EaJiilsite BUAMM01t0 c1y[iegi,lfl Fgpfiqtlx aBeSA

B AaiI i :Ot oSnACTil  EeOA e i ie He 03i iAg80T I  gT0 3f 0 gryl4eHue peaJIS-

80. 5 t{1cJig pacCUgTpesgllx ii6nblJIOBHi[ CryqeHltii tsXgAllr 14 acC0qila-

r{gs J.edeAb 0.14. i lO el io MHeBnFr oBa Cootoi l r  t l3 4 i IpoCTpaHCTBeE-

Bux rpynnf ipoaoK, c0orBercTtsei i66 Ea pacc1of l i i l , l f lx 200, 460'  1050

,t 1600 nc, flp6e61ltpligalixcff gAHa Ha Apyryo. t{itc*o rgpfiqux sBea1

ts Kaa.{6i ] '  ! ! : i  El lxr 110 KgnHilg3yr cggtBe'1cxBeggg 3, 4,  4,  3,  a qJIe-

Ha!,iid liepBo;1, tpefseu u ',{ei3eplcii rpJ-IIIiupoB0ii flBJifiiotcfl c00tBet-

ctaes:io 3Be3AH HD 198846 (i'Jt B0II) , HD ?0+t?2 (t',i i Boib) u HD

202904 (; i i  BZie),  ( l tcnulor '  1958).

i iyano ynoi i :s i iyrb i l  0 pad0rax . i . ts.1.1,0n! lr3e (1960'196e)r P€-

AJiibTaTH i(0?Opot;, I lOJii/qeEHiie He CCHoBe KpaCiIblX Id l iEQliAfipaCiii lX

Cire la1pe; i t i t : ix  0603p?ir l i i  odnaCl t l  aCC0qt :Aqnl l  U EU!{CCt loHHblx ly ! [aH-

i0c ief iS:5o u SZgi ,  I ic ,JBo;&Jiu e i , i  C0clats l :T l  l taptNBy ts l lA l tuoro

pacf ipeEei ieH] l f i  c0E0i tynaccTr l  i i3  J$aSaHHinX TyUAHHoCTe,{ t  ceul i  qJIe-

i io ts  accol i f ia igui ,  S iJ i , iccn€H; ih lx  3de3A id 3BO3I Cr ie i i lpanSaux Hnacc0B

": ,  C,  S a npr i1eJyr  ee n BHB6AJ'  qrc d '= ZOv53*,  5= +380(1900)

! . i6EC0 C' �L{ f fArb I {eHTp0i{  Gobei ' : rar  c0ctaBj ieHi ior0 u3 3Be3A s ,  c  c

ii"6 B s"rl ioclt i/t L q,Ieso8 accoqllaqua iiedelx 4ts4.

iae gs i l I I  oOnac1eH, np1lBe1eg$h.x B KaIsJIGIe i iapnneca (1959)

3x04fi1 ts pSCC!13f..r!, ' tsaeuy$ Hault 06ii8cTb.

i-laue acc.' ieio;agt;e Bll,E;i i,toro .oacttpelexentlf l ropf i lrx sBesA ts

Air .a1tu AT0i i  ACC0qUAA:IA,  IpeLCiABi l€ i iH09 116 i rUl '  .2 ,  l igK f i  ISHi IHe

TaOxr;q l t  2 ,  rceoprt  0 63LH0CIt l  y3A3ei{ : i0r0 J-qaCTi ig B 0TH0l1eH} l ! l
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sl:r.2. ,tFtz

faKraX 063eKtsB. He nadanAaetCS l{ il ldii6lto!I ux itOBI{eBIpAqgld K

i{eETpy. iloeuAlluoltyr ecJlll ascoii$aq$fl Id cyuecrtsyeE B Stofi 06iia-

s 'rrd,  l0 Byri i ro AyldaTbr qto oaa Lo80J-15s0 erapolo B03p8c1a'

xqacrorc II c i{eErpou B aCCofllsiiL:g 26, r-ie*efi-fiLi;ep$qa 081.

[o Aacsuld Ta$JiuqE 2, etor yqac1oi i  f i ts i i i iercE Bai460Jiee 60ra1gu ] :3

Tpex paccuarpi / !Baeuitx yqacIK0B, daK B oTH,0[ ieEun 3Be3I B0ooi i ie

cneK1panbgcI0 i {nacCA B (oi tc, ; :o 30f i  nceX KiIScgu;! : i l } :pgEaEi{HX B 06-

i laCTx 3Be3A)r TeK f i  B OTH,g1iiei i l l6 1'6pSStiX sBeBA g B-aufiCgldgi igg;

sBe34. B oonacru 06EapJriesc 6 ases3, r i lna BonsiF?ai ie '

Accoiiuaqlis Ccp-Loc 081 th-rirrl€EB s trlia.oecuo Tpesgbiil c$licgK

ace3itgx acc0q':aq!{ i .1 Bi4sa 0'r  E.E. i l .apnapnns (1952) r  c0cTaBl leHEHtr

I4u sa ocii0BaHl4tt I4ccJleA0EAB!{F pActrpeEeleH;Ifl 3Be3A CiieTui4ocTId Ee

El i i i ler ' . reu c0cIBetcrBylcqeH sBetsAAdI tHna Bei i .  [o i iaprapnry'

pearbHccEb yKaaaEs0i i  acc0{ixaq!4! l  Hyl i iAaetcR B AoII0i iE! i tenb80tr i ip0-

BepKe; HgJinqeCTB0 B€p0B1EAX qi ieH0B !53 rMCiiA Bal:60nee paHiiUX

3BeaA, I I0I IaAAiggi l ix B 0dr-I3CTb Acc6LiHBl{} lH - 65; 0B Xe yi ;83} i5aet

HA litl i isaAiiet$Eoctb il Bei: 0'Ii ipiritblx sBei;li inx CKoILTeE[a lfi l 7'a26,

7?35, ?215 u 0AH0ir l lJt l t  E8Cii0?Ibi{ i , lx le30gt ix TJLl6EHticret i .
'B 

cnl tcne Pynpexra (1966) '  KaK !1 B KaTai iore Anreps H r.c"

scco i { I t8 I { l | f l i i e . ;e l l - r iqep ' 'qa0B1!uryp lapyetHa i tcc [ iH ! iTe j i5E6n.
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lyr  Eo f iyaHo cHaSarb,  t iTO I  EenoCpeAol i ie i iE.0, l i  6 i i i430cTL 0T

ar0fr  accoi { r laqurd pacl l0n0:reua accoi i f ia t { !4s d ?B'  i ie ,*ef i  081 (d,=

zzLz*1, S= +54059'  ( tgso);1, 'or  98 go 108;0n 0r -0.? so -3.0),
i iax0Asijaffcff i ia paccr0fiBij i t 3600 nc. B cniacce Pynpexta l lpllE0flf it*

c f r  zz r rJ ieHa atc i i  accoql laql , f l  ! :  yh la3ai i0  Ha ee cBf i3b c0 c i {0ruIe6i iQl4

i/GC ?3e0. i io riapni:ecy (1959) Sc.ttsuas Ii II o6:racrb' cBR3aEHafl

c0 38e3Aauu i tD ?11564 (0c),  HD 211853 (0b) a +5+o2' �726, f lBrn€rQfi
qacrril ac3oqfiaqfiid r.leqeh 0ts1.

i . racroi i  Heoa, 3atsl tuaeuEfi  ace0i{uaq!{ef i  28'  gxoAur B sacBffTy!. ,

: ia l i i {  0onacTi.  i i9 yIrdBNTenbHo, eCJiL otEoci lTen6c0e 60r€TeTB0 x0*
pR.t i ! r{ i ;  dBe3,L8ui l  B 9T0i:  06n8CTIlr  Bl i I f lOe U3 ( iur.3r CnaASn0 uUeC*

iio c aec0uaa'Lllteti 28, ca qro yKasbiBaef n i4x cFyqeHfie Ka.K pa3 K
qeasllJ rrocneAfleh. Bo scst(oi{ cnyqse, He sMefl x6p0iiisx $ol0Merpff-
{ecic!:x a K0Jlopil!{elputrecffllx Aaii:i i lx, us He B c0ct0fB}lld 0lIeHuTb

npfiHaAnesi iocst 38e34 $ 0AC0i" tni l  lpylof i  n3 yKSsaBHHx aCC0II I4A-
qr i ; r  leu 60nee - pel ] lur3 80l lp0c 0 peanlHoct l4 nepB0i i  ! ,3 Eux.

J,.lacroir III c qeatpoi{ B acuoliltalr,IIta 32, Kaccucnes 0B9.

iccci{aaqun Co,s08g (Co,sIX) npi4BeAeaa t i0,4,9 18 a cnl tctce 62 0 n B

aBes,afliix rpyilr nunAra (rusa;. ilo iJunAr-Itaaepy (1961), oe cyqe-

; .sctSgSa6ne Becbda cs!, is l tTeJlSi io;  EecltoIpf l  sa €o 6oaauy; i  j lpoTn-
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8eBs0c8b, osa o6li6Aae3 toJiSIro 9 qlenaun Cneiirpallblt0r0 KJiacca

u - 5 d .

PynpeXrou (1966) ona tose BiiJligqega B cnucg6 cou1!:TeJlslii{x

acc0q!,iaquil. iieroropue ee qJieBH - w 22Ot76t 2289?4, 27415t;

tsD +6002561.
B yuacti ie II I  pacncuoaeua s accoqfiaqan Kaccsonefl OB5'

,€ 33 s Earanote larepa u rp.(*,= 23b5*2, S = t60005' (1950);

C[ 'or  114.9 A0 t1B;6"0T -2.4 Ad -1.3) ;  ee pacc lgf fEge 110 ps3Jt l t t { -

agu gnpepe1egunu - ot 2200 A0 3400 iic. Pynpex1 B cB6eu ctri4ciie

irpittg1ul 15 qaesol 3r0E accqqsaquu, Aunel (1964)' u3!{epgB *0-
rorpa\iuqeciilde BejtllqldEi{ n Eonop-l:ESersbi u oEpelenilB ClleF:tpanb*

EHe i inageg 1i iJ lagcg cBerl tuoct l l  173 Seeag 8l ;accldonee 0ts5'  npn-

i i le i l  ic .BH80Ay ,  qrcr oHa pac[aAaoTCfl  HA ABe aCocqi laquu pa3Eoro

Bg3pacta -  Cas l la g Cas i ib,  paCngngaeagge CggtBe1c1tse6i ig f lg

paccroffEr4Fx 2200 u 3400 nc'

B aacnrsou Eau$ yqacrKe noriaAa&T I  I  I I  O6,f factei i  ue i rate-

nora i lapnneca (1959).

B O6laCgU, npeACTEBJIel iH3f i  i iA !nr.4r f iEgg ts€6JiE;4€TCR t l66-

I{eHtptdp0BAHide I0pRql ix 3tseBA CeBBpsee 0T I{eHTpa a0c0i{ i lequt i  i isc-

Cr;otreF 0-89. tiaCti STGii KAptlii i iJ t{0-ie T oinTs 0ebfiCHeiis !':}ie!iic Ae-

xi tqt ieg B aeCHflToi i  Cdiracl i t  ac30t i ! ]eqi i i :  l iaccuOne,q 0i5. Cr3 i ieui :e

ICpf i r i ; x  33e34 B Ce i lep0-Br rcT0. i i iG ! :  r I€C i ; :  OSJ;ASi ! l  ,  6 :He l - :0  ,  t l cb ; : -
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fJ i ; i i l :1 . l , i r9r: j l$.

nCt0' {10 r io.r ' i i ' Ie$;i i ie HaUU J,aAHiie 0 hgJlt l i {14! ' l  U peCiTpe' lene-

: i . : ; i  r 0 ^ r . l . i : : x ; ; 3 i i i 3 C ; : 0 : i : { 5 X  3 ) e 3 n , 3  H C C T e I J e L [ E x  0 o j i a c T F X  i i e  B  c 0 -

C is ; r i r i ; i  C ! , i i r i  i I t J  Cd0€ p< i i r , . i5  3u i i !uC 0  pEaJ i t ts0CTg ACC0t i t tA i i ! ;n  l : J : !1

C0 " tX  np0Cl j )a i {CT ied i {C: l  t t !01 f i :neAl .a id .  ieU iae  ! , ie [ee '  0Hl t  uOfyT 6bdTb

; i r i i r i : r tb i  3  3 r -0 t {  G130ue i t ! i !1  ,6y lJ { }5  ! l c l luJ i53c ts6 i lN  3  CgB0l iy l i } iocT&l  c

la ;c r ; i t i  aO SOC0I iJ I i i i i x .BeJ I14 ' . l t l i {ax ,  i l0 i ia3 ts1e, ' I f fX  qBeta  I0pRt {UX

. i ; 9 i : ; , :  f . i i .

ccg ae ${s xs;eid cl le; latb 0npeieJielt : ibi ; i  8UBU,E 0 CBfi3l i  i ipeA-

J :eJ ; ; . { : iG . i  i i 3 l j l i ; i i !  c  s0 . jpaoTGu 3 tse3. I ,  B  paccHalp} lBae\ ib lx  06na-

cttx. . .cXo.I. f ;  $3 np3In0Jio; i ieatl f f  0 cJ'I ,ecT30B€ii l t i ' i  i iop..reIf i i iuu Me:. i-

; r  :0o i3CI0 l i  ,EA i i :10 i .  ; rBcJAH0i i  tp ; ; i l t i ;p0 ts i i t !  U  q ; iCJ Ig i i t  t0p f l t I ! :X

; ;Ar i  ! {  S id tCCuGi i . f iX  €5be1;T0B ts  8€ i i r  ! I0 l igM CKaSaTS'  qT0 3 tseAI -

i i v€  i i&c€J- ie i i l i e  Bg i rT0pu} [  ! t3  I r0c ; reAo86 i i r i i l x  Ha$] l  JqacT i tcB i ie0a

o{.,xa3 r ie],a' ! ieIc . l ] l )0l jcxo:i iAei i} | fr '  qeu SBglj l ,nc0 $aceneE!Je B tperbeu

"YqScr i {e '  3  t0  Epeut  i t6 tc  3 ts€sAi ioe  i iac* ' reHi le  B  nepBgM y ' {ac t i {e  nG-

B;is:. i I6uJ- Evti i i ; , i { i lg ts Ae!iSaJIee }IAISFeidir i t [ i" lei t1 B.OrUeit!1 n0 ep38-

;;  i i . j .u C Li. ,  . I^t{ ia.

;;ITdPATJPA
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SOME NEW POSSTBLE VERY RED AND FAINT STAR CLUSTERS

J .  P fLe ide?er '  R .  l le inberger ,  and R.  Mvoss

.4bstract

coordinates are g lven for  four  possib le fa int  s tar  c lusters

detected on the Palomar 0bservatory sky survey. An infrared

plate of  one of  them indicates an open c luster  of  Tr i jnp ler

type f I  J  r  wi th an apparent  d iameler  of  3 ' .  We discuss the

star-densi ty  d is t r ibut ion and the br ightness d is t r ibut ion A(m)

both in  the f ie ld and in the c luster .  An est imate of  average

colour  ind ices B-R and R-I  and other  eonsiderat ions suggest

d=4 kpc and Arr=5m. These values are qui te uncer ta in because the

br ightness scales are uncer ta in.

Pegpue

HECHO,TIbHO HOBbIX CH,NbHO NOHPACHEHHbIX 3BE3AHbIX CHONIEHhIi

c o o 6 r . q a e r c q  o  H o o p A H H a T a x  q e T H p e x  B o S M o l r { H ! r x  c n a 6 u x  3 B e 3 A H r i X

c x o n a e n u f i ,  o r K p u r u e  u a  P a l o m a t  0 b s e n t a t o r A  S k A  S u r o e g  '  h r + Q p a -

K p a c H a H  O o r o n n a c r h H H a  o A H o r o  H 3  s T H x  c n o n l e u r i  y K a 3 b l B a e r

o r K o r J T o e  c R o n n e H H e  r n n a  I I  3  r  ( x n a c c H O H H a q H f ,  T p u m n n e p a )  c

B H A h M o M  A h a M e T p o g  3 t . .  0 6 c y n r g a e M  p a 3 n p e A e n e H h e  e e e s . q x o i  n n o T H O C T H

H  p a s n p e A e r e H H e  n O  3 S e 3 A H b t M  B e r H q H H a m  A ( n O )  B  n o I 6  H  I  C H O n J I e H H e .

o q e x x a  c p e A H H x  n o K a 3 a T e r e i  r l e e r a  B - R  r  R - r  n  A p y r H e  e o o 6 p a * ( e H H F

f i o . q c H a 3 i J B a E T ,  9 T o  d . = 4  k p e  r  
' A u = 6 m .  

3 t a  ' i H c r o g H e  3 H a \ e H H F

A o B o n b H o  c o M H h r e r t b H H e ,  T a H  H a K  c a m  m a c u t a 6  3 B e 3 , q H u x  R p K o c r e f i

T A K H { E  C O M H H T E N E H
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Whi le searching about  J40O square degrees of  the Palomar

Observatory Sky Survey (POSS) in  the galact ic  p lane for  reddened

galax ies we noted several  possib le s tar  c lusters on the red

pr ints  which are not  or  bare ly 'v is i .b le on the b lue pr ints .  For

deta i ls  concerning the searching procedure see Weinberger  (7977).

Some of  the detected c luster  candidates had a l ready been found

dur ing ear l ier  surveys for  new sbar c lusters on the POSS (see

S.et teducat i  and Weaver 1960).  A few dubious cases have

been omit ted by us.  The 1950.O coordj .nates (wi t t r  an est imated

accu racy  o f  t J ' )  o f  t he  rema in ing  fou r  ob jec t s  a re :  a  =  O1hO4T5 ,

6  =  +G5oz r ,  ( i  =  Lzu?6 ,  b  =  +298  ) ;  t l hss :g ,  - o5oo5 ,  Qz?3 ,  +9?3 ) ;

z l ho5To ,  +5ao t6 '  ( 110?7 ,  +o?5 ) ;  and  2Jh48T5 ,  +62oo l '  ( 116?0 ,

+O?:) .  For  the th i rd object ,  an in f rared p late a l lows a more

deta i led d iscussion

The  poss ib le  open  c lus te r  a t  z l ho6To ,  16o016 ' i  Th i s  ob jec t

is  v is ib le on the red-sensi t ive POSS pr int  E 874 as a smal l -d ian-

eter  (2-5t )  region of  d is t inct ly  enhanced star  densi ty .  Most

stars have red magni tudes of  18 to 20,  the la t ter  va lue beJ.ng

the p late 1 imi t .  The c luster  cannot  be recognized on the b lue-

sens i t i ve  p r i n t  a l one ,  i .  € . ,  a  l a rge  f rac t i on  o f  t he  s ta rs  i s

fainter than the blue l irnit ing magnitude of 21. The two open

dLusters NCC 7510 and f ing 19 l ie  less than hal f  a  degree to the

southeast and to the south. Their apparent diameters are about

tr 'r ice as 1arge, and their stars are on the average much brighter

and seem to be less reddened.  Becker  and Fenkart  (1970) quote

fo r  NGC 75 tO  a  d iame te r  o f  5 ' ,  an  abso rp t i on  AV= lT5  and  a  d i s ;

t anee  o f  abou t  d=  2 .9  kpc .  The  va lues  fo r  K ing  t9  a re  T t ,  2 r y5 ,

ano 1.J kpc.  Thus,  f rom the appearance on t l re  P0SS pr ints  we

ccnc luCe  tha t  ou r  ob jec t  i s  p robab l y  a  heav i l y  reddened ,  ra the r
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d is tant  c luster  ( lU:  4m, d :  4  kpc) ,  prov ided i t  has about  aver-

age eluster propertles. More infornation can be derj-ved from an

in f ra red  ( l " f t =  O .9um=Johnson - I )  p l a te  
? f  

t he  cand ida te  t aken

with an image tube camera at the 1.2 n telescope of the l4ax-

Planck-Institut fur Astronomie on Cafar Alto (Spain) ' The linit-

ing magnitude is expected to be f = f5T5 * 1m, the large uncer-

tainty steuEning from the lack of infrared sequences whieh are

deep enough. The star distributi-on on the plate is shown in

Fig.  1 which has been drawn nanual ly  because a d i rect  reproduc-

t ion of  the p late would have resul ted in  too nuch loss of  deta i l .  The

eLuster seems to have a fairly irregular form and lacks a proni.-

nent  concentrat ion towards the c luster  centre.  Together  wi th the

Iow galact ic  la t i tude,  we take th is  as an argument  for  seeing an

open cluster rather than a globular one. The Triimpler classifi-

J.

5 = 6oo 36'
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cat ion as est j -mated f ron the l -pJ-ate 1s I1 J  r .

The stars (except  those near the p late l imi t  r , rh ieh are

somewhat  uncer ta in)  were counted in o l5 t  o l5 sqt ta"e" ,  cover ing

f i ve  quad ra t i c  a reas  o t  1 i 5  x  J l !  eaeh ,  one  con ta in ing  the  c lus -

te r ,  t he  o the rs  ad jacen t  a t  t he  no r the rn ,  wes te rn ,  sou the rn ,  anc i

eastern s ides.  The average numbers per  square in  para1le1 st r ips

( o l 5 *  l l 5 )  a r e  g i v e n  i n  t h e  l e f t  p o r t i o n  o f  F i g .  2  a s  f u n c t i o n

of  the d is tance of  the st r ip  f rom the centra l  s t r ip ,  both for

eas t -wes t  and  fo r  no r th -sou th  s t r i ps .  Obv ious l y ,  t he  c l us te r

<i i ,aneter  is  between J I  and 4 I  ,  and the star  densi . ty  ins ide the

c lus te r  i s  up  to  abou t  J  t lmes  the  f i e l d  va lue .  The  d i s t r i bu t i on

of  s tar  nurnbers per  square is  shown in the r ight  par t  of  F ig.2

(e losed  symbo is ) .  Whereas  the  s ta rs  o f  t he  f i e l d  (e i r cLes )  seem

to  be  s ta t i s t i ca l l y  d i s t r i bu ted ,  f a i r l y  f o l l ow ing  a  Po i sson ian

d i s t r i bu t i on  (open  sy rnbo l s ) ,  t h i s  does  no t  ho ld  f o r  t he  s ta rs  o f

the innermost  area ( rhornbus-shaped sSrmbols) .  In  par t icu lar ,  the

rnaximun is  shi f ted,  re lat ive to the Poissonian d is t r ibuf i -on wi tb

equal  average eounts,  to  h igher  numbers.  This can be expected

for  the superposi t ion of  a general  f ie ld and a e luster  wi th a

densi ty  that  var j -es over  the area of  the counts.  When the f ie ld

is  s tat is t iea l ly  subtracted f rom the i -nnermost  area,  i t  turns

E s ;
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9 3 -

outsidc f=11 .
insklc 4.35 r

5
3 2 -
) r -
t o f

.3-
c
r f
.2

t
a

o ' -o -_
' a a

|  2  3 1

.t-
o

0;
0

2

,'{ o

i l  i . i .
Distancc from ccntrc

i.

Figure

7 I  I
n

o

a

5 6



cu t  t ha t  abou t  cne - th i rd  s t i 11  be longs  to  t he  f i e l d ,  i . e . '  t he

ccn t r i bu t i on  o f  t he  c i ub te r  t o  t he  coun ts  i s  s ta t i s i i ca i i y  g rea -

ter  than zero 1 'o! '  on ly  two- lh i rds of  the squares in  that  area.

The  ac tua l  c l us te r  a rea  the re fo re  has  a  s i ze  o f  abou t  3 ' . t  *  3 ' . 5 '

2 / 3 = 7  t o  8 s '  ,  i n d i e a t i - n g  a  c l u s t e r  d i a m e t e r  ( a v e r a g e )  o f

about  J ' .  The avbrage l inea: '  d iameter  of  ia i r ly  eoncent i 'a ted

p io l r  nncn  e lns tens  i s  abou t  3 .2pe  (Ha f fne r  L965 ) .  Assu rn ing  tha t
r  r v . r  v y v r ^

value for  our  c luster ,  the d is tance would be about  4 kpc.

Br ightness est imates down to the p late l in i t  were per formeC

for  the stars in  an area of  aboui  95 a '  .  The l -arge area was cho-

sen to check the possib i l i ty  of  obvious v ignet t i .ng or  var iable-

sensi t iv i . ty  ef fects which however were nct  fcund.  Di f ferent ia l

counts (numbers of  s tars per  hal f -magni tude interval  and per  .

es t ima ted  c lus te r  a rea  o f  8  s r )  a re  g i ven  i n  F ig .  J .  The  r i gh t

po r t i on  i s  t he  f i e l d ,  t he  l e f t  po r t i on  i s  t he  c i us te r  a f t e r

sub i rac t i on  o f  t he  f i e1d .  I n  bo th  cases ,  i he  l oga r i t t un i c  s l ope

i s  abou t  O .J .  Fo r  ccmpar i son ,  a  un i i o r rn  space  d i s t r i bu t i on  o f

equa l J - y  b r i gh t  s ta rs  wou ld  g i ve  a  s i ope  o f  0 .6 ,  and  the  so la r -

neighbourhood luminosi iy  funct ion of  s tars i .n  the range \ '  
=  O to

Mv .=  4  (G : . i ese  i 969 )  g i ves  a  s l ope  o f  abou t  0 .4 .  The  c ' l ua te r  va lues

are about  twice as larEe as those for  the f ie ld. .  The tota l

t -
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n,.rn 'oer of v isrble stars is about f8o (with about 27O srars

counted i r :  the area cf  which about  9O belong to the f ie ld) .

S ta t i s t i ea l l y ,  c l us te r  members  w i t h  I  =  L3 .5  o r  f a i n te r  do  ex i s t

whi le  i t  i -s  pcssib le that  a l l  br . ighter  s tars belong to the f ie ld.

?he bulk of  the populat i -on of  open c lusters general ly  eon-

s is ts  of  main-sequence stars,  wi th a d is t inct  drop of  numbers

lor  s tars br ighter  than about  lhe ear l j ,est  main-sequence type.

The n '*mber of  these br ighter  s tars (g iants)  tends lo  increase

w i t -h  t he  c lus te ! '  age .  Le ' "  us  i en ta t i ve l y  i den i i f y  t he  uppe r  end

o f  t he  s ta t i s t i ca l i y  ce r ta in  popu la t i o , ' ,  i f  =  73 .5 )  w i t h  t he  ea r -

l iest  main-sequence stars.  The sma1l  number of  br ighter  s tars

i -ndicates a re iat ive ly  srnal l  age of  the c luster .  0n the other

hand,  the cLuster  is  probably.not  ext remely young because in

tha t  case  we  wou ld  expec t  t o  see  some nebu los i t i es .  We  the re fo re

may expect  an ear l i -est  type arou.nd rn id-B,  wi th absolute magni-

lL
iudes around -1 ' ' '  and negl ig ib le in t r i .ns ie colours.  This points,

w i t h i n  ra the r  i a rge  unce : ' t a i n t i es ,  t o  abou t  m- l v l  =  14 .5 .

Since a l l  v is ib le s tars are wi th in Jm f rom the ear l iest -

iype stars ( r lTt  to  t6\5) ,  they seem to be rather  ear ly  main-

sequence stars,  wi th in t r ins ie colour  ind ices that  are negl ig i -

b1e compared r i 'uh the uncer ta int ies of  the br ightness est imates.

I t  fo l lons that  the luminosi ty  funct ion (= d i f ferent ia l  counts

of  F ig.  ] )  has near ly  the same s lope for  other  colours as wel1.

f t  a lso fo l lows that  average colour  ind ices would suf f ice to

est i 'na ie the absorpt ion and the d. is tance of  the c luster .

r * o - a ^ i - i ^ -  ^ f  t h c  P O S S  n r i n f . s  S h O t S  t h a t  t h e  f a i n t e S tI t i D P s L  U f  V l i  u r  9 r l c  r  v u u  P !  r r r v D

s ' lars of  the I -p late are not  seen on the reC pr int  whi le  br ight-

e r  ones  a re  l ene ra11y  v i s i b l e .  Th i s  po in t s  t o  an  ave rege  R- I  o f

3o  to  4m.  Th i s  resu l t  i s  suppo r ted  by  i nd i v i dua l  b r i gh tness  es -
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t imates in  R g iv ing,an aver"Erge of  lT l  to  4n.  Stars v is ib le on

the b lue pr int  are general ly  wel l  above the p late l i rn i t  in  R,

giving an average B:R of about Jn. Again, individual brightness

est inates g ive a s in i lar  resul t  o f  Jn to lT5.  Outs ide the c iuster t

thb average colour  ind ices seem to be s l ight ly  sma11er,  by about

OT5 i .n  R-I ,  and by about  1n in  B-R,  point ing to an increased ab-

sorpt ion in  the c luster .  This  ru les out  the possi .b i . l i ty  that  the

objeet  is  actual ly  not  a c lus ier  but  an absorpt ion hole '

Assuming that  for  a uni i  absorpt ion in  Y the absorpt ions in  B,

R ,  and  I  a re  a .33 ,  o .8 ,  and  0 .46 ,  respec t i ve l y  we  f i nc i  t ha t  B -R  shou id

be large: '  than R-I '  even i f  in t r ins ic  colour  ind ices are not

neglec ied.  we have no other  explanat ion for  our  opposi te resul ts

than that  our  est imated br ightness scales are wrong.  I f  the

I-sea1e is  sh i f ted by +1n ( t t r : ,s  is ,  wi th a l in i t ing rnagni tude of

17 .5 ,  s t i 1 l  w i t h i n  t he  expee ted  unce r ta in t y ) ,  t hen  the  fo l l ow ing

se t  o f  va lues  i s ,  app rox ima te l y ,  i n te rna l l y  eons i s ten t :  Au :6m,

E B - R =  O . 5 3 x  6 = 3 \ 2 ,  E R - I  = 3 . 5 ' t = z \ 5  ( e x p e c t e d  v a l u e  O . J 4 x  5 =

a T O ) ,  A i  =  O . l + 6  *  6  =  Z \ 7 ,  ( n - M ) I  =  1 4 . 5  +  1 =  1 5 . 5 ,  d i . s t a n c e  m o d u l u s

(m- i r1) ,  -  AI  = 11,  d is tanee d = 4 kpe.  However,  these values should

be,  considered as very uncer ta in.
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S?A!IA], STRUCTURE OF NGC 2420

L,Iargit Papar6

Abst  ract

A p r e l i r r i n a r y e x a m i n a t i o n o f t h e s p a t i . a l s t r i ] c t u r e o f

NGC 2420 accord.ing to l0eolopovts method i 's given' The stars

were measured. i:r a circle of !2' rad'ius centered on the

cluster. lhe photometry i-s conplete ti l f 15t8 ' fh'e space

d.istribution of stars reveals two different parts of tbe

cluster. []:e innes' d.ense part has a rad-ius or- 313 and' the

outer ,  less d"ense Pat t  734,

Peenvle

IIFe leapur eJrb Ho e fi c cneAo Balu e trpo 6rpal{Ct Be I{Hoe cTp}'I(Ty-

ptr cKoiuleHr4g NGC 2420 upoeeleEo trO $le1'oAy xOIouOSa. 3ees.4d

durra nsuepeHif B Kpyry c pA,nIfycoM r2' , ttoI{IeH'pupoBaHI{OM Ha

c1otrnegmi4. @orouerpufi lroMruierHa,s,qo 15:8. IlpoctpaucrBeggge

paccgpe.UeJieHue 3Be3.d odgapy6[Bae1 .UBe pasgtrclfine qEICTE C4otr-

iTeffi4fi, BtryfTpelnclo, IUIOCTI{n0 qacTb c pA,Tf,r"tycoM 3lg s BI{elilHFt0,

r/reHee rrrolHylo c pa.MycoM ?:4.

When looking at a star clusier on photo pletes' in nost

c a s e s w e e s , r l o u t l i n e a w e l l . d e f i n e i l a r e a j . n w h i c h t h e m e n b e r S

of the star cluster can be found' Howevet' with the aid' of

detailed nunrerical examination we ca'n recognize that the

determj.tration of the lirui-t of star clusters by naked eye is

inaccurate. As early as at the begisning of thi-s century, in

1915 to be precise,  Shapley pointed '  out  in  h is  book nSiar

clustersrr I f I that outside an i-nner d'ense part in M 67' the

d.ensity is ten tirnes higher than the density of the bsck-

ground tipical in tir is galactic letitude' Accord'ing to
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Shap1ey, the well-d.efined part with the 535 radius in M67 is

. only the core of a more extensive cluster. In 1918 Tnrmpler

obta iaed s i .n i lar  resul is  for  Ple iad.es,  PraesePe,  h Persei ,

&I 11 and M 37. Thj.s phenomenon' that an extensive less d.ense

part ca.n be found. round the irrner d.ense part of the cJ-usters,

was naned. shoultler effect by Shap1ey. This phenomenon has

been investigated fairly accurately by Kholopov and Artuhina

since 1954. lhey bave iavestigated. about twelve clusters,

both open and globulali ol1€so They found that each cluster

consists of two main parts: core and ha1o. Tbe core, which is

the most d-ense central part of the systeus iE seen as a star

cluster; the halo is the outerr less dense part of the

clust  ers.

I shoutd. l i-ke ' i ;o introd.uce tb.eir method of i-nvesti-

gat ion lZ l  according to rqy work on NGC 2420.  F j - rs t ,  a  few

words about the characteristic d.ata of NGC 2420. Galactic

coordj.:rates: I = 1980 e:ed. b = +2Oo. The high galaotic latltud.e

is very useful because of the small reddeni-ng and.'the separ€-

tion of backgrouad. stars. R.D. Carulon and C. l loyd' t3 I

earrried out photometrg in BlV rorurd the centre of the oluster

i.n a cirele of 12' radius. Th:ls photometry is complete ti l l

H 15T8. Ihey measured.282 stars in this area' They also

d.eterrained. the proper motj.on of stars, t lr-is being.ve:y useful

f,or selecti.ng the members of the star cluster. I used this

photometry and proper motj.on of stars. According to the

. proper notion onl-y 1Jl stars belong to the cluster. I

separated. two different subsystems according to the colour-

-mag:r-itud.e diagram i.n tr'j-g, l.

Tbe group designated. D is the subsystem of faiat

stars and. other stars belongi.ng to the subsystem of bright

stars, Sj:rce I kuew the Descartes coordinates of the starst

I was able to make a nap of the cluster and the subsystems.

At the centre, given in Cannon's article t 3 l , I d-rew

'consentrj-c ri-ngs. The lY"idth of each ennulus rvas 4Ot'. I then

&il-j-ded. the erea into 6 differerrt sections, obtained- the main

surface d.ensity i:r each sector and. each an11ulus, anci was thus
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Figure 1 . Colour-magrri tucle ili-agram f or IfGC 2420

able io d.eterrti.:ee.the surface density distributi-on in 6

d.ifferent directions. From these distributions it catr be seen

that the fluctuation is large. Fluctuation depends oa the

w-idth of the annuli-: the Larger the w-idih' the saaller the

fluotuation. [he shape of the *istribution and the poiat of

breah depend. on the v!-id.th of ihe annulus, too. To avoid. thj-s

dependence I used. several different wi.dths and represented.

theu in one cur\r'e. Having increased. the number of points,

f used overlappi-ng annuli and in thls way nanaged to have a

sufficient number of points and to avoid the shape of the

distribution depending on the width of arrruli. I me.d.e the

equal surface density cura/'es for the whole cl.uster and- the

tvro subsystems f rom al l  the.5 sur face densi ty  d. I -s t r ib t r t ions,

renlesent ine d- : f ferent  d. i rect ions.  F igure 2a er :d.  b shovrs the

equal surface densi-ty curves for the whole cluster and for

group D. From these figures it een be observed thet the centre



f igure 2a.Equal surface density curves for the

whole cluster

Figrire 2b. Equal surface d.ensity cuf,ves f or group
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Figure 3a. Equal surface

cluster with

d.ensity curves for the wbole

the new centre.

Figure 3b. Equal
il'.i +L

surfece densi-tY

the new centre

cuf'\res for group D
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g:iven j-n Cannonts arti.cle was incorrect. The conect centre
j-s marked with a crosso fla\ring rectif ied. the centre, I th.en
derived the new equal surface density curves /Fig,3a and. 3b/.
The system i-s approxiroately sph.erical-. By conbi:ring the rad.ial
gurfac0 d.ensity di.strj.butj.on of each sector. I got a main
redJ.al surface densi-ty d.istribution for the whole cluster and
the subsystems. fn these d.is,lTibq.tions I plotted. F on tb.e
horizontal axis. F equals where a and b are re-
spectivel-y the inner ancl outer rad.j.i- of the conespond-ing
annul1. By i-ntegrating tirese d.istributions, it shoulC be
possible to obtain the number of used. stars. the d.ifference
between the number of nsed. "iars and the result of the integ-
re,t5.on was founil to be 7.3 per cent. lhis shows that I ad.ded.
the surface d.ensi-ty value to an inadequate r value. Those
surface d.ensity d.istributiong where I have plotted ? on the
horizontal aris can be seen as a first approximation. For our
purpose, it is better to d.efine the average r value by the
fol1owing equation:

F l rg )  =

o
shere a and b are gi.ven earlier and F(;) is the first approrcl-
aation of the surface d.ensity d.istribution. ff r" is known
r/e carl ikaw the more exact approximation of the real- surface

density Ci-stribution. Comparing the first and second

approxiuation of the surface density d.i.stri-bution enables us
to d.raw the folloyring conclusions:

1' The point of the break 1s more conspicuous j.n the second

approrimation.

2.  the in tegra i ion of  the d is t r ibut ions leads to a more exact
::uc.ber of stars. fhe d.ifference is only 0.23 per cent,

in a sitnj-lay wa*Ji, I nad.e the third approxination and. this
-i 'reg suitable for the reaL surface density of t]:e whole

cLu.sier and ti ie irvo subsystercs.,/.oig. L arfi. 5./

b

J * t i )  r d r
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The  po in t s  a re  no t  so  d i spe rsed .  i n  t i : es - ' i iS r res  as ' -n  i : - e

flrst approxlmation.

I  co i :nted the spat ia l  d .ensi t ; r  d is t r ibu i ion supposing

spherical distributi-gn, Later, as O.id F'holcpcv, .L ueed. relative

uni ts .  In  th is  way,  I  wes able to i t t l i rze h is  s ; rs ' ie : : -  o f

equations with 25 unlorown quantiti-es. this gave ;he 'ralue of

the spatial density distribution at 2l points. I rnad'e the

fj-rst and second approximai:ions of spatiai density d.istribution

Finally, I got the real d.istribuiion for i lre whole cluster

/Tig.6/ aincl for group O /F:'g.I/, two different parts ean be

seen accord.ing to the change in the density grad"ient. fhe

inner i lense part has a rad.ius of 333, the outer, less d'ense

part 714, Tb.e inner dense part d.ominates the subsystem of

Spatial d.ensitY

whole cluster
tr'igure 6. d.istribution for the
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!'lgure J. Spatial d.ensity d.istribution f or.group D

brsigbt stars, wb.il-e the outer oou i"'more coaspicuous itx the
subsystero of faint stars. At present, I am working on photo-
metry j.n aa area with a rarLius of 30, , in B, V, and U.
ttrj-s phelenetry witl be compiete up to ITTO anA on the basi.s
of this f hope to be able io separate the fine siructure of
scc 2420.
A clo'rowLedgement

i thank Dr. E.A. EaLfizs for helpful comments and dj-s-

cussions.
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NTW MITEODS FOR MIASTTRING APPARENT STAR.CLUSTEB

DIAMETERS

Univ. -Prof. Dr. Josepb Meurers

A-1 18 0 Wien, Torkenschanz str. l?, Universitiits -sterowarte

Abstract

New deti-nitioas for apparent ditfteters of star-clusters are tned. Three

kinds of borders for clusters oa pbotographrc plates are given' considering

'ire dijferent connections between clusters a4d thetr environs iD tro'dimer1-

sional star-fields {backgrouad}. lbese connectiona are tested by accidatal

artifical poi-ut-clusters in accidenta.l point-ff,eldg on the basis of raodnm

nunber geoerators. Ne'C 6494 is givo 39 s:arnple for usiag tbe tried

metbods.

Introduction

A efu.ster is a three-dio.ensional aggregation of stars in space, not posses-

sing a sharp or definite borrder. This is represerted of course also ou

photographic plates rith clusters i.n star-fields- Therefore it is Dot possible

io give an esct geaeral definitiga for a cluster border, also not for an

appareat diameter, It is only possible to defiae borders in aspect of a sta'

tistical interactios betweelr elusters ald their surroulding s@r-fields.

It is a simil:p situation as formulated by S.I1\Fsecliswatski. (1)r that the

diameter of tbe sun-system is detenaind by the i:n{1-ueace-spbere of sunt

that is, where the gravitational forces of sun are below the gravitational

,forees of neighbouring stars aud galactie centre' Transfered to star-clusters

this means, tbat borders of cluster are there, where tie clusters are less

present than the suround.ing star-fields in proiection to spbere.
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Apparent cluster-diameters are important as well for cosmologr as for

distance-determinations of these objects.

Definition of borders

If there is a cluster in a surrounding sta!-field in projection, the star-

distribution within cluster aad in the environs, i. e.two density-function

must be distinguished.

f-(d) = density-function of the cluster itsel.f in projection to spherec -

fb(d) = density-firnction of background and environs of the cluster in pro-

jection to sphere.

Ilere is d a radial distance from cluster-eentres. Immediately observed

is aLways the function

fc(d) + fb(d) ( 1 )

d is the radial distance from cluster-centre in projection to sphere. The

definite border of a cluster were f.(d) = 0, but this is not observable on

account of (1).

It is possible to define following borders on the basis of (l): F'or a certain

i- may be

fc(a)  +ro( i i )  = 0= I 'Zero-border t r  (z)

(2) means, tbat at the border fc(a) = f6(ci)"= 0, because alsways f"(d),

fb(d) > O. (2) is always observable and means, that within the statistieal

alterions of star-distribution in cluster and field both are no more present.

The same is ralid for an artificial cluster and field.

A second type of border may be defined, that for a certain d is

. fc(O - fb(a)< 0 =rrEnvirons-border" (3)

(3) means that the cluster is less present than background and environs.

(3) is not observable, but it is possible, under certain assumptions to get

aa insight into (3), demonstrated later.

The third type of border is valid, if there is a certain i with the condition.
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f c ( a )  - f b ( A ) = 0 = t r s t n r c t u r e - b o r d e r ' t  ( 4 )

what means, that the cluster:density is equal to that of background or en-

virons. (4) is not observable immediately. But it is possible to get an in-

sight here as for (3).

Measuring methods

There are two methods for measuring apparent cluster-diameters, the ring-

and stripe method. Concentric circles are placed over the cluster area till

into the environs, and the counting out of the single rings gives an average

density=function $ = f"(d) + fb(d), where d is the distance from cluster-centre.

The stripes cross the cluster'area (Fig.1), have a certain width and are

divided into squares following one to another and are counted out in an ana-

logous way as the rings, grving a functiott 9 for each stripe. The stripermethod

allows to test the course of borders around the cluster, where as the ring-

methods grves an average diameter for tbe cluster as a whole.

The assumption of accidental fields around clusters

Observable is always only (1). But it is possible, to analyse (1) by a certain

assumption. This is itlustrated in Fig.1. Here the upper part concerns the

ring-method, the lower the strlpe-method.

There are three systems of rings. The middte system covers the cluster in

such a wan that the eentre of rings and cluster are coinciding. It is possible

to construct two further ring-systems, situated (Fig. l) above and below the

cluster, but symmetrically to it in the cluster-environgs. The upper and

lower system must not tuch or cover the cluster-system. In this way it is

possible, to get two further density-functions.

q = F  " o d g = F  ( 5 )

where d is the distance from the symmetrical line of the three systebs

( F i g . 1 ) .

If now the assumption is allowed, that the immediate environs around the

cluster is accidental., it would be possible to apply

fb(d) r rb(d) ̂ F-I
(6)
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The functions (6) are practically equal and onty distinguished by the stati-

stical alterations in the field around and below the cluster.

This m.eans now a sharper definition of Zero-border and Enviroos-border.

The functions (1) and (5) are immediately observable. Therefore it is possi-

ble to get the differences.

fc(d) + fb(d) - p and fc(d) + fb(d) - 
{GI

(7 )

and to define

fc6) +.fu(O - fJA a 0 = Environs-border (3a)

fc(A) + fb(a) - ro(d) = 0 = structure-border (4a)

In (3a) and (4a) the differences fo(ii) - t itt means with the assumption (b)

ngthing else than the statistical alterations of tJle environs-field-

(3a) means therefore with f"(d) a t#A - fb(a), that A is a point, where the

cluster-densidr is lower than the statistical alterations of the field (Envi-

rons-border) and (4a) with f"(d) = fO(E) - fb(a), that at a the density-cluster

is equal to the statistical alterations of the field (structure-border).

All this is valid for stripes. ln the lower part of Fig, 1 is illustrated the

method. Each stripe, grving the fr.rnction fc(d) + fb(d) has in the immediate

neighbourhoad of the cluster a stripe, giving 
{lEL 

orientated fo the stri.pe

through the eluster, as Fig.1 demonstrates, not crossing the cluster.

In this way it is possible, to get the funetions (3a) and (4a) and the value ii,

where for the first time from cluster-centre (3a) or (4a) are fu]filled. This

will demonstrated later.

Test of accidentalness in star- and point-fields

Accidentalness in star- and point-fields means, that there is realised an

accidental equal-distribution of stars or points'

For testing this the so called star-chains respectively point-chains are

used. Such chains are defined here in following way (Fig.2): To a poht P

erists a next point Pr. At Pl is constructed an angle o{ with PP, as bisec-

ting line. Within q is a next point P, to Pr' PrP, is the second part of a

point-chain PP1P2. This procedure may be continued with Pr, where results
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a point P^ a.s.o., always with the same angle(. In this way i t  is possible
- . t

to construct star-respectively point-cbains without any personal iafluence

of the observer.

In such chains it is possible to get the proportions:

& t  . a .
1 ' 1  I

Here is d. the distance of two points in a cbain, following ooe to anothef'

and d,/d,,. the distance-proportion betweetl tbree points following one to
l ' �  1+I

another. €. a. is the sun of all distances between two points following one
t 1

to another, i. e. the whole length 1 of the chain-

U there is now an accidenta: t:qual-distributed field of stars or points, thaa

should be the distances between two point6 following on€ to alaother of a

chain egual as a consequent. r' of tbe eguat-distribution. Tbat meaos for (8)

d,/dr*, ru 1 and di/1 ^, 1/n-1 (8a)

if n is the nurnber of points, composing the chain. The first relafon is clear,

1 as sum of all distances ( d. must be in average 1/n-1, where n-l is the

nurnber of distances in a chain wi'th n points.

(8) respectively (8a) may be tested in real and artificial fields. The results

are given in Fig.3. It concerns an artificial egual distributed fi.eld on basis

of a random number generator 1) and the enviroos of NGC 6496. The basis

is the treatment of n 60 chains in artifr.cial and real field with four poiltsz).

The upper part of Fig.3 eoncerns the statistical distributi.on of dt/dr*t. It

is always taken this proportion in the sense di/di+, 7 1 for two distaaces in

a cbain following one to another.

As already mentioned above, dr/dr*rstrould be in average ru 1, if there is

an equal-accidental-distribution of stars aod points. Tbe two curves, glving

the frequency-distribution of dl/di*1 in an artificial field and for the environs

1) 
th" here used art i f ic ial f ields and clusters Programmed and ploted down

Dr. M. Stoll from the Vienna Observatory.

2) tu" investigated cand.phi l .  C.Wagner within the scope of a Vier:na

dissertat ion.

di/di*r
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of NGC 6494 demonstrate, that (Ba) is fulfilled as well in the artirjciar as

in the real field about NGc 6494. The stars in the latter are therefore in

the same way accidentauy equal-distributed as the points in the field, ba-

sing on the used random number generator. This means, that also (6)

is fuUilled.

The lower part of Fig.3 demonstrated the same concerning dr/L ror chains

of four point, therefore with three interva[ between these, dr/r shoula be

1/3 in average in case of an equal distri.bution being accidental The ma-

ximum of distribution is at 0.3 for the artificial field and for the environs

of  NGC 6494.

The concluding result is therefore, that the enyirons around Nc€ 6494 repre-

sents an aceidentar equal-distributed star-fierd. This means, that the de -

finitions (3a) and (4a) are valid and reasonable together withassumpti.on (6).

Tbis is illustrated in Fig.4. The two diagrams at tbe top give density-func-

tions for rings around Ne€ 6494 concerning Fig, 1. a) demonstrates the

practical aequivalence of the two functions of the upper and lower ring-sy-

stem. b) gives differences between the two furctions and represents the sta-

tistical alterations of the field. ?he two diagrams in the midst of Fig.4 give

the same for an artificial egual-distributed fie1d. The alterations in the real

field seem to be smaller than in the artificial.

ln the lower part of Fig.4 differences between stripes are given for an arti-

ficial fr.eld and tbe environs of NGC 6494 (concerning Fig. 1 below), There

rs ho quali.tative difference between real and artificial field.

The borders in artificial and real fields

Fig.5 represents Zero-bor-ders in an artificial equal-distributed field with

an artificial cluster containing a Gauss-distribution, originated by a random

number generator. In the field are given also density-functions (1) of the

clust€r in exact orientation to its centre.

The upper curve is a stripe. The Zero-line gives the points, where (1)

becomes zero. This should be Zero-borders accordingto (2). Now it  is to

see, tiut (2) is aiready fulfilled '*ithin the cluster-area, a consequence of
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density-alterations in cLuster and background together, The density is il

cluster and field relative low, and it is of course not reasonable tq s " :I-

ready borders, where the cluster is obviously not at the end. It is r, . s-

sary to compare the run of the density-curves with the immediate shape of

the cluster and to set the border-points in such a way, that they are mar-

king the point, where witbin the imm.ediate obvioue border-zone of the

cluster for the fhst time, measured from cluster-centre, tbe above give

tlrmerous conditions for tbe borders are fulfilled. This shor:,Id be i.a the

upper curve of Fig.5 the points, marked by an arrow.

The lower curve in Fig. 5 is the result of the ring-method. In this case it

is not always possible, that f"{d) + fb(d) = 0 is reached. Instead of this is

only to see the points, where for the first time, measured froa cluster-

centre, the curve becomes parallel with the zero-line. This Should be i-n

the lower curve of Fig.5 at the points marked by arrows.

For the real field with NGC 6494, Fig.6 gives the above mentioned curves.

trt is not to await, that the borders for rings and stripes are always in exact

accorda4ce one with another. Because a stripe gives the diameter of the

cluster, where the stripe crosses it, whereas rings give an average.

Concerning Environs (E)-borders and Structure (S)-borders Fig.? and 8

give eramples. The lower part of Fig.? represents a density-frrnctioa (?)

fc(d) + fb(d) - 
{l) 

for cluster and field of Fig..8, originated by a random

number generator, where the curve of Fig. ? is repeated in exact position

to the cluster. The assumed borders are marked by E- and S. Fig.8 de-

moastrates, in what a way the bordere are situated in the ilnmediate obvious

border-area of the cluster. Also is to see in Fig. ? and 8, in what a way

outside the artificial cluster right and left (?) represents only the statistical

alterations of field about the zero-line.

?he upper part 'of Fig.? gives (?) for NGC 6494. The area of cluster is

mhrked by the dotted li-nes. (?) is given for stripes and rings, and demon-

strated in what a way definite borders ill the sense of (3a) and (4a) deviate

from the immediate obvious shape of luster as well real as artificial.
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Results for NGC 6494

In Fig.9 are 'given as .coacluding results the borders for NGC 6494 as a

whole concerning the above given definition€. The circle is the border on

basis of the r ing-method.

The points in Fig.9 concern always points of stripes, crossing the cluster

in the given directions. It is io see the elliptic character of the cluster, and

how the ring-method gives a middle border in comparison with the other

types of borders. The table in Fig. 9 gives (only for a comparison) middle

values for tbe different border-types (in cm nf the uded.plate-copy,

1 0  =  5 4 . 8 1  m m ) .

The above erample of NGC 6494 may demonstrate, how the different

connections between a cluster and its background influence the botder, which

in an exact geometrical way generally to define is not possible. In this aspect

there is also given an insight into the inner structure of the border-area of

a real cluster,
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HEBCISOPHE PE3Y]ETAIU CTATflCTIHECSruI ICCJIEIO3AHIII

3383I U3 0EPECTL0CTEff CorFql

0.5. I,"lryrlleBcKafi , A.3. Ilacnynoa

Abstraet

SOUE RSSUITS O-F I]SVESTICATIOX OF B]B1HR.[TE FUI{CIIOS I[

?ffi SOtutR y;C1CfTI. &s obs€ratlonal data f or about ?O0O

stare - nembel.s of, 68 opea cluaters, Euaphreys epectral cata-

Iogue for 70O 09 - U4 snrperglaats anal about 4OO neareet

(r <2lpcl A - Q uarn Segueace gtars fro tbe Fooley et a1.

{I97Ol eatalogue h.ave been J.avestlgatEd,. 3or detenalratiou of

aase anal age for each star, raethod, of LadJ.vtdual charasterlg-

tlcs, rorked out in ths Astrononleal Couacll, hate beeu used.

tbe regultE are folloring:

I. Mass firnctloa for snrlnrgtaats ts not Salpeterts nass

f,tractlou. there ls dsficlt of, 1O - 14 f 9 starg aad thele are

nore stars witb tcaases L6 - n ttro fu conparC.eoa nlth

Salpeterts lan. So obtalaed mass firnctloa for superglaats ls

a'lnost tbe s@e foe double stars and has the sarne fletail3 gs

uaes functlon of elose binarles J.nvestl.gated by ScecbaLcov

( 1 9 5 9 ) .

, 2. Ebe present o.ass dietrlbutlon of fleld. stars ras used,

for detennlnatlon of ttne d.ependeace of stellar blrtbrats t:r

the galactlc dlsk. Tbe tbeoretlcal mase fuactioas based oE
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the Sc?,lr{alt modele (rate of etar fo:matlon varlee witb, sotre

pomr a of tbe gas denslty) rttb. B=OrIr2 qere coaetnrcted.

It rae fouad tbat tb€ beet crLterlon f,or the sultable nodel

selectloa ls tha slope of nasg functlon for stale rlth nasses

I-(![fig -( 2. lEb€ tbeoretlcal slopes ale o{=!.4 (!=Ol,

d,$.6 (eI l , oC=8.8 ( a=2 l , ths enpirical oae ls &=5.9 t

+ O.I. Eeace, enplrlcal nass firnctloa tadl.catee that tbo

rate of stat fo:natton varles rttb ttEB elomr then 1a tbe
nodel rith n=2 ( ae it bee for.rad by Scha{ 6 t /Lgrg/) and, nay
be evea more elowty then 1t rae formd by Tlneley (fSZ+) .

,. W uass d!'strlbutloa of tbe ognu clusterg nsnbere

ia tbs raDge r - 25 !l g ras fouad to be a salpeterra firncti-

oa rltD, slope 4.=2.v g o.r4. sLuulteneously tt ras diseor€risd

that tbe nase functloa has sorte Eoluoaotoalc featuree. seve-

341 n.ialina tfor l[ = l.J1 5 - 4 l[s I ssfugidtng rith those

existing ln nass dretnibutiou of close blnarles sere detec-

ted. lhe aaalysls of age cH.strcLbutioas of usnbers d w5f
yourg clustere b.ad ghorn that tb€ tine of star fomatLon

covers 8.n apprsectable perioct of cluster hlstorly of the or"der
o r t

3JO' - +JOt yeale. Tbs above told rsgultg a:re baeed, on
the 'Catalogue of [Ersses aait ages of stars la 6g opea
clustersr (lata {PJ-shlaov, LgT?l .

B socne,qEre lols garetEo Dospoc Emopec s trpotoAeEun

cfatrctusecBEr f,ccnetrosaEtfi doaangx Eo[EIeEeoS 3Be3A - aEa-

rE3Jr IaEHIE EaralroroB c qensD troryqeEtrfl pasJllqEur xapa8le-

pxcrar toFo trnu nE08o &[acca 33e3I.

olg0fi na BarHefiuEr rapaBfeplrctu8 laaoro poAa srjrEetcE
,iynxqffi aBea,qoodpaso3agtrn ! {m,t)= AZ %t 0 m. .' 

06usgo
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spolEonataetc8, tf,lo eii rorEo trpelctastrRb 3 Bs,4o EposBSeleEf,a

/lrt  yttt  r !r€ f t^l  - EaqatrEaa Qynrqsn racc' a Y (tt
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I.ra roro, qtodg xccreaosars (lryEBqED sBesloo6paSolanss

Eoodxolaso nret! AocralosEo dollryDr lxlodE trorBo 6ulo upr-

xeEglt ctarcctrsecruo refoF 3g6ogy 3Begrr Epsqer ona Aorxr-

Ea yIoBlesropficb lpe6osaErnr qlo 3 Bee lEo4st 8oo 33g3srt

EaxoIsEEecs B orrpeAeJleEEor odlgre trpocrpasctsa. onpeAerf,3

IIfl KarAO& 3Be3& 3E6OpSf, ee racoy s !o3Facl, rbl troEtrll{ta
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pqEo rJr E:rx Fxyxl 8u60pEy 3le3l.

lccaetrolauue Eapaxetpo3 Qyxnt{o" sBea4oodpasolartrfl 39-

&yros 3 acrpoEo!.rqecBor cotsle as cccP B leqsBEe EecBonsElx

:16!, trpfirer 6uaa paapadorasa creqEansEafl ltslolEsa II8 otrp€-

AeneBsS racc tr 3o3pacl08 3Be3A c souoqlD celBtr lpo8oB s

naoxpos. Bgqncressg trpoBoAunuct c ltosoFn gBil U-222 s B Ea-

qec!39 BaqansEon ctrclexH 3pe8o3 lclloJlBsoBa"[xcb pesynllalH



-  7 4  -

pacqeroB[6era{ I - I5  rac c  Cosgqa)  r l ladhsct roro,  pegynb-
rarn Boroporo Lnfi gBe3I c {accaxs or 0.8 Ao l5.uaoc Coaaqa
6xnf, Aonoegeag Aagmxs Bnlroscrolo { 15, 50, G0 uacc Colsqa)
BHtrOnHeFrnrxE tro aBallorf,gEofi,upor.panxe x IIpeAclaBJISq! CO60f,
oAEOpOtrEJrrl Cetsy Ip9EOB. Ba OCnOSe alr raEux 6nar paccus?aEE

cetBs uSorpoE.

[m uepoaora oOHsEo trcuontgyerlrx I leopetnqecxnx pactre-

lax rraDalreipor a@eEttlEo[ rexnepaty$l x csetcxoof,tr E EadJrrF

Aaorte BerslrrEn, sarlr 6flns xcnon53o3aEr tadjrtrqE rrepe3ola Infr :
r, Ill c r xaaccog cBergxocrn, paccgf,rannuo Sfinacro e scrroJrlao-
saBger IaEslDr ltrOnoOsa, lloprora n A.4atca, a laEle pesyabtalos

anearroc{epnx xccneloBassfi .
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topor oleaA rolryqarb 6olee ylepenxue clarscrasecrue peoymra-

lH, yqi{rs3a8 I o6qex pactrpeleJreEsa EaleAys oqestry c Becorl

coolBetctBysns{c sEaceHED noJryseBEofi B6pofilEocln.,4Ifl, oqeHEs

0uri60;{, Bnoclrqin( B oflpeAeneilne raccu u Boapacfa aSeagn

HeAoyseloH pa3&uqEbr sartopon 6sao ssnorEeEo cngqnajllFoe

llocneI0saEtler- I KOtOpOra OqeHr4SaJIECb BeJttrStrm UorpeEnocleft'
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S OME C Olf SIDEFi.T iONS C Oi'lC EFJiIi\iG !i{E EV OLii? iOI,i

i;r TXTREIELI YOL-I;J CL'iST9F.S

r f r  i  L . I  .f i .  u O t r Z

Abstract

Because of  thei - r  homogeneous coraposi t ion c lusters of  low
age can well be used. for the comparison of nonnal and peculiar
youqg uembers and groups of stars. Investigation of the
clusters NcC 6511,  NGC 6530,  NGC 2254 and.  M 45 /pLeiad,es/
sbows that the structure of these clusters end their develop-
ment are closely connected. with the continuous fornati-on end.
evolution of thei-r members.

-reSnrre
I4s-sa Ex oguopo.ql{oro cocfaBa, cKoIIJIeHffi MoJIoIoro BoB-

pacra Morrf 6grr ucnorbsoBarff IJrE cpaBHeHu-a EopMailbEttr. E tre-
RynuapHlu( MoJro.q,IDC rlrreHoB u 3B63IHIDC rpyErT. llccJlelosar{re cKotr--
rIeHtrft scc 66II, sGC 6530,,N'GC 2264 w': l,{t 45 /fuesw/ rroxagulaer,
cTO CTpyltrxPa n paeeurtre orEx cnourerfifi tecEo cBfi3arfi,r c Eetrpe-
pHBHro{ Odpa3OBarMeM E gBoJrnrmeft SX wreHoB.

ftiing to their honoger.eous conrposition clusters of
low age can well be used for the comparison of normal and.
peculiar young members and groups of stars.

They are therefore especial ly sui ted- for the stud"y

of the natrrre and cosnogonie behaviour of T lauri stars,
which in many cases are members of the young open clusters
as well as of the enbedd.ed. T associati-ons. For the same reason
the stud.y of T associations allows conclusions to be d-rawn

on the cosnogony of extremely young clusters.
fn a number of papers I  reported on invest igat ions

of the strn"rcture of young clusters and the phases of evolut icn

of thei-r  members. f  pointed cut in these pepers that statenmts

on the cosmogonic behaviour of T Tauri-  stars are.possible

only i f  al l  members of the clusters are inqlud-ed because the
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st r :crure o i  tne c lusters and thei r  d-evelopnent  are c iosery

ccnnected rviih the ccnlinuous iormation and evolution of

t he i : '  s i 5 r s .

The young clusters of different age from which

rJ' ea:' i ier resulis r, isei'e obtained- are l-isted in Table l- '

Tab le  i

Cl-usi e:' Distance Galactic Mean }lumber of
Coordinates Age Members

a

1rr brr  / rooe/

trcc 651-t- 2 900
:{cc 5530 1 500
i\rc} 2254 B0O
!;i 45 LzO

-  / U ^ F  ^ V ^
I o .  y ?  U r  ( 1

/ a

O . l  L o t *

2 C 2 . 9  2 . ?

I b b . b  t . ) . )

n  / Q

? n

' l  nn

L Z 6

|  1 {

4  |  a "

?ho feble s i ' . res th.e names and the d. i -s tances of  the objectst

their galactic eoordineies and. the mean ages and- in each

case the jsrown nunbers of members.

The nuriibers of Pleiad stars do noi contain the

fa--'re stars d-iscovered si-nce 1972.

A paper surnmarizing and. comparing the results of

t ! .ose invest igat ions has been publ . i -shed /Gi j tz  '  L973/ .

lor  a i i  c l -usters a conaect ion was shown to ex is t

between the p i rys ica l  parar .eters of  the stars / for  instance,

:he photonretr ica l  d.ata/  and.  ihe r rparaneter  of  s t ruc i ;urer t ,

.. 'r ir ich is a purel3- astroraetrical quantity. The parameter of

s i ruct l r re i -s  the d is tance f rom the centre o i  a c luster  in

c i rcu lar  objec is  or ,  for  e l l ip t ica l  systerns,  f ron the centre

zf  the c i rcu lary pro jected i inage.

F ron  the  re la t i cnsh ip  be tween  the  pos i - t i on  o f  t he

sias's j.c the colour-rtagn-itude diagram and their distance

f : 'c= the cent : 'e ,  t i -ne-scaies were der ived-  permi t t ing one to

state ihe nean ages of  the ccrrespondi-ng regions in  the

clusters.  In  th j -s  way i t  vras a lso possib le to d 'eterru lne

phases of  s tar  evolut ion in  the lndiv j -cuai  e lusters '

the inveetigatione harre shcr"' l i  that the wid'e band'

c! :tat:s in tl ie ccloui'-nagli-r.r-i€ ciragrarn of young cl-usters
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spread. out cver several nragni.tudes ani. situated above the

Zero Age Main Sequence /ZASS/ is to be explai-ned' by the

di-fferent ages and d.lfferent phases of evoluti.on caused' by

a conii-nuous star fornation which in some aggregates j.ncreases

towaz'ds the centre, in other aggregates toward"s tbe edges'

A n e x a m p l e i s g i v e n i n F i . g . l , w h e r e t h e c o l o u r n a g n i t u d e

d.iagram of the cl;t-ster liGC 2254 is shown'

a \
- t

Figure 1

S i a r s c f n e a r ' l y e q u a l a g e s o r ' w h a t i s a l m o s t t h e s a m e , o f

n e a r l y e q u a l p a r a m e t e r o f s t r r : c t u s e a r e c o m b i n e d . j . r r o n e g r o u p .

The oldest are gathered in group I' the youngest and more

mg.ssive ones from the edge of the cluster are ooniained- !n

region IV, V. The mean values of the paremeter of structure

bnd. the ages of those regions 'gre l-isted' in Table 2'

o
;
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[able 2
r

323
7 . 8

L Z t E

L a t . .

r e'L / : --o"a/
1 0

A t r .

) . v

It can be seen that the youlgest region is situated at the

ed.ge of the cluster and- the old.est at the @ntre. Ihe reverse

order  can'be found.  in  c luster  NGC 5530.  Ihe posi t io i r  o f  the

your.ge$ and. oldest regions in a cluster probably depend on

the pb.ysieal cond.itions .in the parent gas elouil.

A co;nron feature of all investigated. clusters is

the continuous formation of stars, increasing towards the :
centre or the edges in conforrnity wi.th the d.evelopment of

the c luster ts  s t ructure.  This property  is  represented.  ln

?Lg.Z where the mean relations of the clusters are plotted

in a conbj-ned colour-nagnitud.e d.iagzan /xec 66!L /+/ '

NGc 6530 /o/, IIGC 2264 /o/ Pleiad.es ,/tr/.

- 2

1.5  (B-V)s
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Thi  s  reoresenia- t ion shows ihe fo l lcwingl

0n1y the iow mass stars fron the yo':ngest regions

of the Pleiades are sti l1 situated. above the ZAMS' while

the older and- more mas_s_-ive ones are a1_rea(y drifting Bway,

We recognize the corrnectl-on between the nean relations end

ihe mean ages of th.e clusters and thej-r single regions,

It is possible to esti-mate the fornati-oa time of
the clusters. A measure of thet t i.me i.s in each case the

extent to which the mean relations in the colour-nagnitud.e

d.iagram arce spread out. lhe following values were obtained-:

Cluster .n /  r  n " r  \ 6^ . ,
C l u s t e r  T (  I O ' - /

NGC 2264 
'11.6

M 45  zL i
NGC 561r  

'o  .66
-  NGc 65]0  8 .4

there is another relationship tbat has to be mentioned'' AS

ihe forrsation of stars proceed.s conti:euously toward.s or away

from the eentre, the corurection between the parameter of

strrrcture and the 
'mean 

ages of si-ngle regions makes it

possib le to est imate a Inean veloc i ty  of  fozrnat ion of  the

clusters. It can be obtained by dividing the differences of

the true d.istances from the centre by the corresponding values

o f  a g e  ( t *  =  6 l  /  A t  ( p c . a - t ) )  '  I n  t h e  e n d '  t b o s e  r a t e s

are a t"*".r."" of the velocity of star fornation ia the

corresponding regions and aggregates '

fhe graph in Fig,3 shows the mean velocity of

forr rat ion in  the c lusters.  Here the fcrnat ion vel -oc i t ies

are plotted. versus the parameter of siructu:"e. Tb.e old.est

and youngest regions of a cluster are marked. in'each case

/arj/. Ihe directions of conti-nuous star foirnation are

ind.i-cated" bY arrows.

From the above lre can conelude the follow'ing:

The course cf the mean fornation velocity is not

corre lated wi . th  the st ructure of  the c luste is '

Evi-d.entiy the naxinun velocities occur in the

youngesi regions 'ffhrch rnay be sj-tuated at the centre l=Z/ or

at  ihe ed.ge /=R/ of  a c l -uster .  I ience the veloc i r i -es ot '

for rnat ion depend on age.  Thei- r  absolute values,  inc identa l ly t

Ci f  fer  f ron aggregate to a6Sregate '  The cccurence of  r -ax i ' : l i rn



velociti-es of forrnation
is fund.amentally due to
the conCiti-ons in clouds
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in the youngest regions of e cluster
the pz'ocesses of star foznration anc

of i-nterstellar r:atter.

!'igure 3

The youngest regions of a cluster are d.istinguished from the
older  ones by the presence of  massive stars.  The fast
d-eveioprreni  of  the st racture of  a c luster .  cwi-ng to raoid
sta:r forr:ation only 1n the young regions can be explained by
larger  and-  more wid.eJ-y ex iended nasses of  in terste l iar  mat ter
car t : -c ipat ing in  the star  forr r rat ion.  This resul i  is  conf l r rned
by ihe depend.enee of the forr::ation velociiy found in .the
r 'e : - - i -or :s  and aggrege;es on the nearL r ,ass of  s tar ,s .
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This re lat ionship is  represented j -n F ig,4,  In  ibe

fj-nal analysis it indicates that the mean extension of a

region or of an aggregate is proportj-onal to thre nean a:.ass

of the stars. However, since these masses differ frora reg:-on

log V6
-  5 .0

-  6 .0

-  7 .O

-  8 .0

Figure 4

to region, one would. expect the extensions end foruaiion

veloc i i ies i ;o  d i f fe : r  as wel l .

The statements and results presented. i-n thi-s paper

represent only a part of nqy investigaticns. Detarls on siar

formation, on strrrcture and ilevelopment of the elus'rers are

sumnarized. in tbe publication alread.y referred to.
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PIACES OF FORIIATION OF 24 OPEN CLUSTERS

J. Palou5,  ; .nuprecht ,  O.S.Dluzhnevskaya

andiA.Piskunov

Abstract

Tha places of fozuation of 24 open clusters are computed.

in a mod.el- of our Galaxy which has axisyrnmetric and spiral-lj-ke

components,  fhe posi t ions and veloc i t ies of  open c lusters

under examination are evaluated. on the basis of the d.ata given

in the l iteraiure. fhe age estimates are taken from the

or ig inal  method used.  by two of  the present  authors /O.B.D. ,

I.P./. Use is made of the arj-symmetrical model of our Galarry

proposed- by Schnri-d.t /L965/ and. the spiral l ike perturbation

approximated by logarithmic spirals. The angular rotation

sneed nf sni ra1 arrs rI - was varied. to get the best corre-v P v v \ .  '  

a

lation of places of formation with a spJ-ra1 strTrcture. It is

conclud-ed. that there are two values 0- o 13.5 kn "-lkp"-l

and 0 
n 

= 20. O kn "-1kp"-1 which fit {ne resuits equa}ly

we11 .

PeepMe

Mecra odpa3oBalm.E 24 ornpursx croiurentrft geMoucrpupolagn
Ha MoAeJre rraJrrefi fanrarrnxn, odna4anqefi afictrcgtvsrerBtrc,ecxntu B
cfinparrbEoodpas*urru KoMtroI{eETa}M. IlOnoxeros E cltopocrtr EccJIe-
,qye!firx orirpbrrhlx cKoruleHEfi oqeHeHrr tro raliHtiM HaxoA.@rcfi B ntr-
fepaType. Oqesxr Bo3pacTa B3STH E3 OpqraHarrEoro MeToIa, Epu-
MeEEEEoro .qBwfi Es aBTopoB. I{ctronbgrsrcs rpe.q;roxes:ran IIh,tEToM
/ 19 65 / arcuctrMrvrerprqecxarr Mo.uenb lalaxruru E crupa,rsnoodpas-
Hoe Bogrvryqer{Ee, npud.mxdHHoe lorapu(rMtrqecKtrMtr cmpalr.avr. .[Aa
TOro, qro6H trorystrfb nrnuyxs HoppeJTfirnaD MecT odpasoBaEfif, erm-
parrbHoft c?prJrTypofi , MH rrocJre,qoBaTeJrBHo E3MelLsrE yrneBys
BpaqarensEyCI cKopocTs crupaJrtHHx BeTBefi flp . l{u c.ue.na-m
safi;loselue o cyqe-c?BoB_auun ,qBfx snacerufi,(?o = 13,S h"-ikp"-l
t Qp= 2O,0kor"-lkpc-l, o.MHar{oro xopono uo.&{o.uflitrx r- pe-
syJrlTaT&rr.
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T h e s i m p l e n o C e l o f t h e y o u n g s i a r r ; r i g r a i i o n p r o c e e s

a f t e r j - i s f o n r a t i o n w i t h i n t h e s p i r a l a r r n h a s b e e n t h e s u b j e c t

of  many studies.  I {any obiec i ;s  /01 B stars,  c lass ical

cepheidsr oP€n clusters/ were exan:Lned in ord'er to describe

star nigration si-nply by computing the orbits in a given

nodel  of  the Galary.  We fo l iow the path of  a s tar  j -n . the

G a l a x y r : n t i l t h e m o m e n t o f . i t s f o r m a t i o n . T h e q u e s t i o n i s

vrhether t}:.e stars migrate from ihe spiral anns' Id'eds ex:lsi

about ihe formation of stars from the cioud.s of intersie]lar

g a s b a s e d o n t h e o n e . d i m e n s i . o n a l s t e a d y g a s f l o w c o m p u t a t i o n

,/Roberts, fg69/. The gravitational collapse of the cloud' is

tri-ggered. in the shock wave which is in a steady posi't ion

z'eiative to the densiiy wave' VIe conclud'e that - based' on

t h e d ' e n s i t y - w a v e t h e o r v . p r e d i c t i o n s c a n b e m a d e c o n c e r n i n g

the local i ty  where the.  s tars should '  be generated '

lhis idea of siar fornation is examj-ned. in our stud.y of

p laces of  fornrat ion of  24 open c lusters /Palous et  a1.  ,  1977/ '

In or<ier to eheck the rotational speed. of the spiral strrrcture

{)  -  we adopted f ive d. i f ferent  speed.s:  I I 'O '  13.5 '  15,O,
v -

L7.5, '  20.0 hn s- tkpc- t .  We assumed that  the open c lusters were

generated. ei-ther in the spiral, al:ms or in those parts of the

galact ic  p lane where an excess densi ty  ex is ts  due to the

d.ensity vrave. we prefer rotational speed.s which produce the

largest nuraber of open clusters migrating frora the spi-ra1

ar1ns.

I t  can be seen that  the p l -aces of  foruat ion of

norierately old open clusters can be found. within the spiral

anns thus refleciing th.e spi:.al strrrcture as attained. by other

spi ra l  t racers,  wi th a l l  the probleras and coropl icat ions / loca1

aTn/ presented. by the d.istribution of neutral hydrogen or of

the yogng stars. Y{e conclud.e thai the investigati-on of forrna-

iion places is a suitabie tool for exanrining the d.ensity-v'iave

theoz'y. The results are strongly d.epend'ent not only on the

posi t ion,  space veloc i t ies and the age of  s tars und'er

exaririrratlon, but also on ihe chosen model of the Galaxy. The

same s i tuat ion car-L be seen when interpret ing lac i io  obserwat ions

r : i  neutra l  hyd.rogen.  In th is  case v/e arso have to choose the
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- r . r r a t  a r  c - i  n a ' l  n r 1 ' t c r n  / 1 - i m ^ r o ^ n  ,  i 9 7 6 / .w +  u y - r * -  ,  v r i r : u . r ! v r . ,  L )  |  v t  .

We have de: ' ivec the p iaces of  fosnat ion of  24 open

clusters. iYith the help of the grven kinematical data and

es t i sa tes  o f  t he  ages  c f  t he  open  c lus te rs  t he  bes t " f i t

angu la r  ro ta t j - on  s :eeCs  fo r  t he  sp i ra l  s t ruc tu re :  J I *  =  13 .5
- ' l  - ' l  v

ano 2C.0 kn s -kpc * were d,erived.. If these values are

ad.opted,  the p laces of  fornat ion cLosely conelate wi th the

spi:el artls as descri-bed above accord.ing to the precl-ictions

based on the denslty-wave theory,

the : .o tat ion speed 13,5 krn s-rkp" l r  has been deni . red
in previ.cus stud.ies fYuan, t969; Wielen, 1973/. fhe new value

af  rhe rotat ion speed f t  -  = 20 ian s- tkpc- t  g ives us the
possj-b:-i iry of j.nter-preti.n! very simply how the solar vicinity
is  pop:r la ted by i ;he objects under exarn- inat ion.  fhe space
close to the Sun r,vhere the open clusters und.er examination are
locaied : -s  populateC by groups of  objects wi th cer ta in pre-

ferred.  per ioc is .  Each of  these per iods is  separated.  f rom the
next  by a t ine in iervat  of  some 3OO-4OOx1Oo y**"" .  The J-ength
cl  per iods seems to be abour 2O0x1O" years.  Th:-s  resul ts  f r .on
a conbi-nat ion of  two d. i f ferent  ef fects:

.  a .  By the k i : : -emat ica l  se lect ion ef fect  d.ue to the
faei ihat the very young objects with fimited d-ispe.rsion

spee<is could.  not  arr ive in  the Sun's v ic in i ty  f rcn the whole
gaiecti-c plane, but frorn a l imited region only. The length

of  these per iods is  undoubtedly in f luenced by the s ize of  the

::egion r;heye we find the open clusters uad-er examinatj-on at
p r e s e n t .

b. By the fact that the stas's are forrned within the

spiral arms.

I  1 l re cornnon areas rLef ined by the k inemat ica l  se lect ion
o?€oa  i  n , , . 1  ] \ \ ,  +116  sp i r a l  a f l ns  a1 ' e  oa t , i s  o f  t he  ga l  ae t i  c  n l  nne

_  y  e . ^ v  b q  - * v  u  ! v  y  l a l r s

:-n vrhich ihe young stars in the solar neighbourhood probably

or ig inate,  The shape and the s j -ze of  those regions def ine ' the

Length and t ine in terval  separat ing the per iods ment ioned

ei: o'rg .
J l . a r ' o  D ' o  h r ? t \ J  n h i p n t i  n n q  i  n  t h r l  e  i . m c  n f  r o q q n n , i  n o- v d 9 v w + v . . U U r / y g v J
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The irreguia: '  gravitatt-on3} f iel l  in c' ;r  lalar; '  ca;eec. bJ' ' :ee

psesence of heavy /5ac Ma/ gas and d-ust cl-cu'J.s near ine

g a l a c t i c  p l a n e ,  . p r o b a b i y  d e s t r o y s  c c n p i e r - e ' y  i l ' r e  r i - e c : " e i i  c a l

o rb i t  c f  a  s ta r  in  ihe  s raoo 'bhec i  cu- t  g rav i ta i io : ia i  pc tenr j :a i .

F J :  r r n r r l  d  t h o n  n n t  h p  n n s s i b l  e  t n  . 9 , ! g L f l g g e  : h e  
' u i i t L  

O i! U Y I U B ! q " " " : " " " *

objects older than l0o years. Vrle w;ouid 1i-ke to pclnt oui that

par t icu lar ly  in  the case of  open c iusters we need noi  aoopt

so pessimistic a point of view. Besid-es the influence on the

theoretical orbit of the open cluster, the irregul-ar

gravi.tational f ield - defined. by elose encounters wj.th heavy

d.ust and. gas clouds - influences the d.ynamical evolution of

the open cluster. fhi-s irregular gravitational f ield di-srupts

the cluster. By meatls of the N-body models or Monte Carlo

models of open clusters .we can l. init the disruption time of

the open c luster  to  loo years /Wielen,  L975/ .  This  i r r terwal

is comparable to ihe nean relaxatj-on time after Chandrasekhar

/f9$/ which represents the devi-ati.on of the actual orbit of

the cluster from the theoreti-ca} one. We conclud.e that the

effect of the irregul'ar gravitational f ield' on the disruption

of  the open c luster  i -s  at  least  as important  as tb.e ef fect  on

the orbit of the open cluster in the Gala:ry; or the existeace

nf  ihc nnpr  n luster  nFrr  sc at  nresent  ind. icates that  we can
v r  v g v  v P v . r

use the simple approximation of the actual orbit by the

theoretical one going bacbrvards to the moment of birth.

F o f a z a n n e <

Chand.rasekl:.4r, S.: L943, Princj-ples of stellar d.ynanics, Dover

Publ , ,  New York

Pa lou5 ,  J . ,  Rup rech t ,  J . ,  D luzhnevskaya r  0 .8 . ,  P i skunov , iA . :

L977 ,  As t ron .  As t i oPhYs . ,  i n  P ress

Robdrts ,  W.W. z L969 Astrophys.  J .  158,  123

S i r l r onson  l f f  ,  S .Ch . :  19?5 ,  As t ron .  As t rophys .  46 ,  26L

Wie len ,  R . :  1973 ,  As t ron .  As t rophys .  25 ,  285

W i e l e n ,  R . :  1 9 ? 5 ,  I . A . U .  S y r n p '  N o .  6 9 ,  e d . .  H a y 1 i ,  A . ,  p ,  1 2 5

Y u a n ,  C , :  1 9 6 9 ,  A s t r o p h y s . J .  l - 5 8 ,  E ? i
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n r e m  i  1 \ ? a a a  r 1 r \ D D F ^ r i T--,*.---*cl'ls FoR 'rIlE SYSTEII

CF YOUI{G GAi,A-CTIC STAR CIUS?ERS

8 . 4 . .  E a L e Z e

Ab st  ract

Using the new zeto 8.8e nain sequence of 0.J. EggeSt

vrhj_ch is nainly based. on interned.iate band and Iig photometry

of  c luster  s tars,  ev id.ence is  presented. ,  that  the d is tances

n€ r rnno n-en r r ' l r ls ters are systenat ica l ly  snal ier ,  tba-n
v !  J  v f - 6

prerr iously  accepted.  Ib .e average fac ior  of  correct ion is  0.?1.

?he corrections presenteC here have sign-Lficant

consequences for the galactlc spiral structure and for the

k- i rTemat ic  r roner t ies of  the system, Taking in to consid.erat icn
v ! - -  -

ihat the period.-luninosity relation of eepheid.s is calibrated

by variables in young clusters, a ncd"if ication of A consj-derahle

par t  of  the astrononical  d is tance scale is  expected '

Pegnue

ilplrueus; rJiaBiiylo trscJre,qoBaTeJIbHOCTb HyJIeBOIO BO SpacTa 0 .

fi. Srreua, Oci{CBaH}ryF IJIaBHHM o6pa3ol'1 Ha cpeflHenoJlocgofi Ko.]IOpE-

Nierpg{eci{ofi cncteue uvby r Ha Hp Sb)tometpnn citoiileunli, rpel-

jTaiaeTcf i Io$aSaTef ibctBo,qTopaccTogi j t r "gMoj iosD(orHpHTbDCcKoIUie-

Hrrft {31tr3?cg cl[cte1{a1i1qec1u Me6]m1vm, qeM 6u.lO rrprirrro.Cpenuft

sarrop roqDaBKLr - 0.7I. IipureleriHHe trctrpa3Ktr trMeor 3Haqtrrefi!-

sfie noc.nelcrBtI5l .UJIfi rana61gqec6oit ctr6pa-rlgoft crp]"Krylli e. EJIfr.

ICi{HetUAtUqeCKAX CBOftCTB CUC?eMH. EC.rU iqlntmtllaTb BO BEAIilaiUe, flO

3&Br{ctrggCTb trepuOI-cBeTuMoCTb qeQeiq HilIudp6Ba}ia trepe},1ei{F5tqg F

idoi'IoAHX cKoll-{elr4fix, To hJraiia r'to,ry{uxailra-fi 3HaqIITeJIlgoi qacru

lo,acnitada acTpoHoMrqecxfix paccTogHl,ri .

The spiral structu.re of gataxies j-s .sho'wn in a

striking way solely by the interstellar ned'ium and ycun5

nhier*  q:  n ' l  d  er  s tars do lar t . lc : -pate in  the soi re l  pat tern but
w v q J v v e p t

enly tc  a 11n: i ted extent ,  I f  we lcok fcr  re l lab le cpt ica l

spiral tracers ir: orcer io nap the strLrcture of our olvn
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Gaia:qr, we have to talie it into account that ihey rrusi be

a/ young /S-(sorne J-o' a/,

b/ brieht /rJL<-4ml,

c/ nunergus.

f\"rrthermore the relative accuracy sf their d.istance d.eter-

r:ri-nation nust 1ie w:ithin + LA/, / or aOYZ/ and. the observational

proced-ure must j-Lfer only si-mple istrumentation and red.uction

nethod.s suitable for rnass evaluations.

It i-s well Ic:own that young open clusters /inelud.ing

aenbers of spectrat type earlier tt:s,�n 93/ represent one of the

best  types of  sp i re l  t racer .  As far  as thei r  d is tance

d.eterrnination is concerrred., the three-colour photomeiric

nethod nowad.ays yield.s for ihe d.istance modul,us an accuracy

ranging between OTto ana 0330, .i.€. lf l lch better d.istances than

the nethod. of cluster diameters vihich Tnrmpler and Coli ind.er

vrere force'1 to work w-ith. ft night be useful to recall briefly

the procedure pioneered. by Wilhelm Becker ano. based. on th:'ee-
-coiour  photouetry:

?he d.istance is determined by the application of

the followi-ng three conditions

a/ Tlrc stars of tbe ciuster should l j-e on or close

to the ZAMS in both colour-magr.itud.e diagrams.

b/ Ihe distence modulus rnrst be the same j.n both

diagrans.

c/ The colour excesses E/B-T/ and. E/U-B/ resulting
' frcro the fulf i l lment of the previous conditions

should be re lated to each other  accord. ing to the

well- h:oir- ' i  wavelength law of interstellar

red.dening and absorption.

I t  is  obvious that  the resul t ing d is tances essent ia l ly

depend. on the ZAiIS accepted. by the investigator. In add.it ion,

ihe value and the rand-or:n eror of the d.istance also d-epenC on

the portion of the Z.AJ,IS occupied by the star:s of a cluster.
r ' -  ; ^  -  L ; - L l r r  i rru  !o  e  146r r ! r , '  - - te res t ing  new deve lopnrent  there fore  in

regez'd. to the d. ietance deterrninations and to ihe napping of
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ihe spiral structure tbat erriilence bas recently .been presented.

by Eggen [1], rrainfy. based. on jrtermedlate band. ard. Ep.

photonet4l of cluster stars .anil ca nodels uslng th.e pew carson

opacities' i.nplicating thet the presentl-y adopted' zero age

main sequences are of i:rccrrect slope andr probably, zero

point, /Actually, this ls hard'Iy surPrising fortre appareat

scarcity of zero. age Eain sequenee stars of }:ntnosity fron

about Mv=+oT5 to--lm in the solar neigbboudrood' uakee tb'e

construction of such sequenees ertrene1-y d'ifficult./

The most frequent\r used. fo:ms of the ZAMS /thoee

d.ez'ived. by Jobnson IZ I ana later by Blaeuw/ ]: ie close to eacb

other. Johnson's result is ind.icated' by a broken 1ine, the

new one of Eggen j.. l  marked by asterisks ,/see FLg,L/.

l igure 1a.  Coicpar ison

and tnat of

be iween lggen's  ZAI ,1S

Johnson /broken l ine/ .
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i I

qP ol{rl{l

.f:gu:'e ib. Cor:,parison berween Eggenrs ZA!,1S
ana .'hat of Job-nson /broken Li:,e/.

iLe d l i ie : 'ence j - r :  the shares of  the two sequenees is  consider-
ac\e /at sc,-:.e places it is nore than l rnagnituoe/. the result
c.epecrls on i i-zt. int such clusters as the pleiades ar.d. e"
Fersei  to  the I -  and C-type r ,a i r r  sequence of  the Hyades and
t i -en ' , ,s i r :g  the br ig i . tesr  s tars of  these c l ' ;s ters to f i t  the
ear17 : :a in seq:- lences cf  s i i  11 younger c lusters,  According to
rggen sor ie of  the d i f f icu l ty  v i - th  the previous resul ts  rnay
l - ie  i : ' -  ihe appareni  systenat ic  error  in  the colours of  the
4 Pez'sei  c luster  s tars,  but  the evolved nature of  the

br ightest  o(  ps3. . i  and Ple iades c luster  s tars is  probably

the nai-n aif l iculff. /Urdd.ortunately, inter:nediate band. photo-

netr l -  is  not  yet  avai l -able for  the c luster  IC 25BL;  th is
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perhaps best  i l lus i ra ' tes ihe inccrrec l  s) -ope o l  the Z, i } lS

d.erived. by Bl-aauw,/

Using the proposed nelv ZAIvtS of igg"o and the above

meniionecl urethod. of Becker, based. on both colour-nagni.tude

diagrams, we have re-analysed the d.istances for alncsi ai1

hnowa yourg open slusiers' They were taken frcm tbe catalogrie

of Becker and Ferkart [ 3 Ir from the s:ppldmentary lJ-st of

Mof fat  and Vogi  [4r5]  and,  in  a few cases,  f rou:  other  recent

publications. 0n the basis of the val-ues we obtained for tbe

ci . is tances of  i '22 young open c lus iers,  ln  the re lat ionship

between the new and o1d results

r  - +  Au n  -  4  .  s o

where f ranges between 0.61 and 0.80 we got an ajrerate valu:

of E = 0.?1 and a stand-e.rd. d.eviation of 6- = 0.04.

Consequent ly ,  as i t  seems at  f i rs i  g lace at  the two zero age

nain sequences, our distences are consiai-erably smaller than

tb.e values previously accepted-. Y{e ai'e a$rare ihat the spread.

in f is not onlv due to a randon error in the di-stance noduli

but is partially coused. by the differeni slope of the new

d.i-agrarn, the influence of vrhic.h d.epeni.s on the portion of the

ZAMS populated. by the stars of a clusier,

Fig. 2 shows ihe distribution of 153 yoring open

star  c l r :s ters according to Vogt  and Mof fat .  /Ebe ear l iest

spectral type is earlier t lnan 82/3./ Ihe difference between

the'sol - lares and.  c i - rc1es is  of  no astrophysical  inpor tance.

The rnain features are the inner -I azrrl fron Sagittarius to

Caz'ina at a d-istance of .1.? kpc, the Cygnus or loca1 a:m with

the Orion Spur and. the Perseus /+T/ arn at a d'istance of

?.4 kpa.  F\ r r ther  inpor tani - features are the fo l lcwing:

t/ The previously supposed outer arm +II ftom 1v1C5-

to lBOo at  d.  = 5-6 kpc appears io  extend fur ther ,  to  l - "z2t5o

and possib ly  to L . r2450.  However,  we st i l i  ce: : ro i  e :<c lud-e

the,possi -b i i i ty  that  ihe four  c lusters at  L ^ l  245" for l ] l  an

extension of the locai artrl.
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Figure 2. Tne distribution of l lJ young open
star  c lusters according to Mof fat
and Vogt .

2/ A wei-l. defi-ned group of clusters is located
between I = 2350 and Z55o at a distancq of about { kpc. This
feature is probably coru:.ected. with the local_ arm.

3/ A smalr f iJament seems to corurect the r-oca1 aru
w:ith the Carina arm at L,.,.,27Oo and d.^r1.5 kpc.

4/ lhe carina al'r r-s well defined oui to a d.istance
of I kpc and is a continuation of the Sagittarj.us arm.

5/ Itrer�e is a conspicuous extension of the
Sagittarius arrn out to hger d-i.stances / n, 3 kpc/ at I*r 34Oo-
The epiral arrns -r and -rr may be corrnected at this longltude.

I ,e t  us now look at  our  new pic iure / f , ig .3/ .  lhe
local spira,l . structure is scaled d.ovl-n with the above mentioned.

a
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factor of 0.?1. lhe spiral e.rms are somewhat better defj-ned. and

the basic features renain the sarce up to the fj. lanent at the
^ -  ^olongi tude 270- which 1s j -nconspicuous sc there may be no

comection between the loca1 and. the Carina arri i at all.

41 clusters are n:arkeil with triangles /see Tig.)/.

f 'or  these c lusters we d id not  ca l ibrate the d. is tances

individually but the average f value was used- to put then on

the new scale.  And f j -nal ly ,  crosses refer  to  c lus iers wi th

an eer l - iest  spectra l  type of  83.  [hese are the o ldest  ones on

ouil i:ap arrd have a clear tendency to l ie on the outer ed.ges

oj the spirel ar?rs, quite 1n accordance with ihe corz'esponding

prediction of the gravitational denslty vlave theory.

It is not surprising at all ihat the new scaled.-down

piciure of the 1oca1 spiral structure hes some significant

giobal eorlsequences as wel1, The need. to estabh-sh a new

d-istance scale strows up perhaps nost clear\y for the case of

the period.-lun:Lncsity relation of Cepheid. variables, rvhich. is

cali brated. by variables j.n ioung clusters [ 5 l. fne mod.u]-us

Cerived by us for h and f, ?erser, which con'bains four

ca1-ibrating cepheid-s is about a nagnitud.e less than that used.

by !er.:ran acd. Sand.ag" [Z], the nost vulnerable slusters with

calibrating cepheid.s are NGC 7790 and NGc 6664, the nod.ulj- of

which depend almqst ent:-rely on fitt ing a nain sequence to

c luster  s tars wi th /B-V/  -  < OB'' o
ilaving regard- to the ad.ditional fact ihat on the

basi s of a general model describing first-ord.er variations

in the velocity f ield ruith respect i;o d.istance in the wid.e

solar neighbourhood and applied to the analysi-s of absolute

liroper notj-ons of fai-nt stars, Clube [8 ] derived a dj.stance

to the ceni re of  7 kpc,  support ing h i -s  ear l ier  est ' imate based.

on a revised absol-ute magnitude for halo RR lyraes; the odds

zte ihat vre have to scale d.ourn our whole Gaiarqy acceptir:g

7:-a = 7r l  kpc as the galactocentr i -c  d" is tance of  the sun.  3ut

taen, by tire sane token, lve have to change 'the basic kinen:aticaL
-u- .ar : :neters of  the systen,  the Oort ts  constanis /A and- B/ ,  as

r :e l ] .  ? l ie  values are greater  than we thought  because the
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actual -  ve loc i ' iy  f ie ld apDears rc  be induceC by a few ccnspic-
uous stell-ar groups lccateC i-n particul-ar bload areas of tb.e

sky, and. prod"ucee an epparent rotatio::. conponent wi:j-ch ig

contrary to galactic rotation. lVe Lave to bear it J.r out
rdnds that ihe old Oort-l j  rdblad mcd.el-:-s ne.ri ly baseC orr the

kinenatics and d.lstances of the OB stars, cepheids and young

clusters - all of rvhj.ch. are i-n tura based on ihe disiarce to

the i iyades /CLube l?l / and. on the fitt i-ng procecure of the

zexo ate Eiar-n secuences descr ibed.  above,

Ii is kncvm rhat there are cbservaiional l- initations
r n  J : h c  - e , . r c i h ' i  p  r r e ' r , r o a  n - '  i ?  . - a  / L - 3 / F ^  w h i c h  a l e  i = c e p e r d . e n t

n - +  t h o  d i c i a n r a  s e q ' i e -  l R  i e  t i r o : r r , i i a n :  n r ' r i . ' - , ' r o r . o r t . l o ' !

gaiaot i :  ro ta: rcn nain ly  d.erJvei .  f ro: r  t i le  ra ' l ie : ion of  t t .e

:-niersiellar r-eutral hydrogen, As ;ri. !oh:ar:r points out in

one  c i  h i s  pape rs  I fO l ,  acco rd . : - ng  to  t he  sc . ca i l ed  t ange : l t i o r : r z1

Eethod ihe prod. ' : .c t  AR^ is  deter=j - reo.  vr i th  L;5.7 k s--  f ror : .

:easurenents of  the l l :e  pro i i les of  : l :e  2 l -  c :  l i re  by , ' ,eavef '

ani ' i , ' i i l ra : ' is .  Js i : i3  ioh: :arr r 's  va lue v;e get  for  A:  L45.7/7.L=
= 2O.5?, '.,"; i:. lch i iep conpiderably higrer then the as stancarC
s. .cr , iA i l  + ' l  5 ' ;cn =- tk"" - t -  but  se. t is f i -es i5e l - rn i te t iOns

suggesred c3 '  Clube [  11]  on the basis  or '  an invest :gat ion of

the ete i la : 'veJ-oci ty  f : -e lC ia the solgr  neighbourhcod,  nar :e ly

20 \< .A-\<
- ' i  - " !

4U lcr: S riFC /2 /

/ r , r ' 1  r r h a  r a * o c  r i c +  r t r  n a ! i  ^ 7 1  r i c . e  c l  c n r l w  i n v o u f  i h e/  v : u - v e  v P v r  i J v  ! J  : *

l- c' '  : a1: err-ai ive. ,/

As far as /L-ts/R^ /the cj-rcula:' -relocl-ty oi- the
v

sun,/ is concerned ihis is d.erived f: 'on the soiar notion w-it]:

respect  to  the iocal  t roup c i  gala-x i -es,  helo stars anC eLso
f r n n  i } ^ c  t r s c R n e  v ^ 1  -  ^ - -  ^ :  h v  n p . r . : l  i  c r  w c ' l  ^ C i : i g S  : - n^ r U L u  L - - s  v v ! U ! i u J  > 4 5 6 E r L E u  u r l  r J c v r r 4 q f  v E ! l /

i r . r a  ca ' l  o i  na r  ohha .u1 i1gqd ,  Us ing  t j : e  S tanda rQ  va lUe  O f  t he

c i r cu ia r  ve ioc i t y ,  V^  =  250  i cn  s - r ,  - { - 3  =  35 .2 - t  r esu i : s ,

t he re fo re 'B  =  -14 .69  kx ' .  s - t kpc - i  and .  t l i e  ra t i c  o f  Co r i ' s

cons tan ts  i s :  -B /A  =  O ,72 .  I  wou ld  l i ke  t o  ne : : t i  on  a t  t h i s

point  that  one der ives ihe fo l lcwing s: r :p e iundanenta l
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relaticn between A, 3 ard the

observed. et the sun in radial

C/9" =

Accord.:ng to the obsertations

ai-spersion ratio j.s [f Z I :

d.ispersions of rand.on veLocities

and tangenti.al d.irections :

lr--
Vr=B /3/

the range of values for the

0,5 < 6-16"" 1 e"7 /4/

*:c. our result is in accordance with the consequence that the

laiios for -B/L nust l ie 1n the range:

o.33 < -3 lA < o,95 /5 /

l  seculd l ike to i lraw attention at this stage that, following
p- ir leo n.o T,nhrar.:r, w-ith the ai-d of Bottl ingerts force-law

1re se:i have the following estinate for the mass of our

lalarry:

r , r o = 9 . 7 5 - T 3 / L . G ,  / 6 /

: i iere ' l  is the ere,v-i iational constant i:r suitable unj-ts:

G = 4; 3037.10-6 lmr2"-ton"tt-ut , /7/

;sin6 values for A end. r '/O as above, we get the foLlowing

ssiin.:te for the mass of our Galarqy:

f a

l , Ia = ] .33.10^* MO

:'.eie:'ences

[ r ]  E44en,  o .J .  L975 '  Q.J .R.A.S.  ]7 . '  472  end '  1977,  P .A;S.P.

92, !87

tzl  31aa"r, ' ; ,  l ' . .  1963, Easic 'Astrononical  Data, p,  407, Uni ' , ' .

of' Chicago Press.

f)j Becker, if., Fenkart, R. i-971 , Anstron' and. Astrophys.

S:rpp.l- L, 24I
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CPB; JI-JSIEF.S,:. lD CCSI,ICGCilfc PRI.]C3SSES

I]I ;TIJ '.SC OF Ih3 GAIJJY

L.G. Bal-dzs '  n i .  iapard and A.D.  Chernln

r ibst raet

?be d:-sc of. the Galaxy is ricb i-tr gas and. d-ust and

iormation of nelv stars i.s goi.g cn here. collapse and fragmen-

tation of huge gaseous clouds may lead' to graviiatioaaliy

bound- cc,nplexes cf stars ard, d-iffuse materral. Bhese processes

occur  in  a th in iaye: '  o f  the in lerste l lar  ret ter  : -n the

galact ic  d. i -sc having a hai i ' th ich:ess of  about  l0o pc near the

Sun, Hov,re.;er observations ind.icaie ihat .consilereble euzsber of

re-:a;:-vely youn- sta:'s /age iess than sone iOc years,/ cay be

f ound. at fairiy large C.' i stances iron the galactic p]-ar:e. ?bey

ran har l ly  be jozrcred a i  that  height  and ra iher  6et  the- ; r

pos- ti-on due to some scrt cf dyleraical seattering' th' is

scat ter ing fo l lcws a process cf  d is integrat ioa of  coroplexes
.rhere the sta=s have been bora. The distribution of l i fetimes

nf nran n'l ;rs-lnre aad tbe space and. velocity d.istribuiions of
; :  v v e - r  -  

p ,

A and l-ate B t3rye stars suggesi a caracteristi c t iue of 10-

lrcprs fnr this DToc€sso the conplex dynaraics of tb.e irter-

siellar elcuds and. siars can provi,le consid.erable growth cf

velcc j - iy  d. ispers:on fcr  srars escaping f ron conplexes to f i t

th.e observaii-onal d.ata.

Pespivre

0dpasonarme I{oBbD( 38e3,4 lalarrrxu irpotrcxo.uET B ios$oll

CJIOe ee ,EECIT€., l'.[e EMeOTCfi. i4aCCEBIlHe IaSOBO-IIbL]IeB]Ie OOJIaKa'

trpereptreBaDrrEe rpastrrFr1EoHHyio ltoH,{,eEcalgli0 E $parMeEraft@. [os.y-

TOJIrqq;1a 3TOIO CJI9E rrr I00Uc B pa.AOEe COruUa. 0gHano Eadnil.Eei{Ea

yna3nB€-BT Ha EafiIstre SHaqtrTgJrBHoro ctrc"ra MoJIoSEx 3Be3A - C

sc3pacroM .., I0o JreT E MeHll]Ie - $a ropa3,qo donSilield yla.teffiE or

ra;tlx'rucecfiofi iulocxocru. 0m epal 'rir NtorJIE odpasoBa?bc.s Ha

sTAX BI{COTaX E Citopee ,qocrnrna I4x onaroAap8 0[pe.EeJeEI{oro po,{3

;iilHa\tlqecxor{y paccearu.:io, .qeficrBoBaBine}dy, 3e-Dogrno, trocJle ocBo-
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doaqesu.a 38e31 EB llaspyuraxmgxc.a KoMrureftcoB BBes.q E .Uq1ysggso
Berr{ecrBa B KOTOprIx oHs po.@JecD. PactrperenerMe pacce.fisr$D( cr(on-
neruli trO tspeMeHtr ffi3m, upocrpaEcrBeHrroe pacrpe.qeJreEEe E pac-
trpe.qeneHne cRopocreft 3Be3.u a u nos.qsero B ruaqcoB ra&re yr(a3!r_
Bsnr Ea xapaarepHoe BpeME acero trpoqecca ,^, I0B ner. Ha6m.qa-
TerlHse IaaHHe' trgreptrperEByeMHe I paMKax KaIlrtrEII paccefiEtrE,
CBtr,q,ETEJI5CTBYDT B trOJIbsY OOOCKTEBEOTO IEgAMECECKOTO BSAEMOIEftCT_
BEfi 3Be3.U C Mea3Be3.[EHME TiOMIUIeKCa![E, CgOCO6EOTO OdeotrecETb
6ucrprd pocr .qxetrepctrB caopocrefi Mono.qrrx BBes.u.

i : r r roduc t lon

The basic problem of  s te l lar  cosmogo4y is  the need
tc prov ide ar lswers to the quest ions when,  where and how the
siars ere fort:red. We have no di-rect obse:'vational- evidenee
shich would perrait us tc give the correct answer. We see stars
naf ing d i f ferent  ages,  d ls t r lbut l6ns and chemical  composi t ions.

To answer the question where, we must investigate
siars Laving the lowest ages, because such caseS give us th.e
bes ;  chance  to  obse rwe  ob jec t s  j us t  nea r  t o  t he i r  p l ace  o f
e1'' igin, lhe yorengest stars known have ages < 10' years, fhey
iig,1'e nearly circular orbits around. the galaetic oentre and
el:a}l veloclty d.ispersions; thqy sirongly concentrate to the
galactrc plane anC display very patchy spatial d.istri-bution.

Supposing 2O-3O krn/sec peculiar veloeity relatj-ve to the (
l-ocal stand.ard of rest rve obiain a d.j-stance of 20-30 pc in 10"

JearE. ?hus, stars havlng l i-fetimes of 10" years are seen just

1- the nsighbeurhood of iheir birthpl-ace. In ttL:j-s way one is
a.r ie  ic  cc-c lude As f i rs t  done by An:barcurn jan in  L947/

; . . . : :  the sta: 's  are bo:n in  large groups anr i  th is  process is

a::--re up to rrow in the aisc of the Galaxy, To answer the

:i--i: ' : pert of the introluctory question, how the stars are
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fornecl , ne nust consi.de rhe quesiion: whai d.oeb prestellar
nai ter  icok 1 ike,  and how ooes i t  become converted i :e to s tars?
It is reasonable to suppose that the candi.date must be the
niatter that exists i-a non-stellar fonr in our Ga1ary, the nost
comr4on non-stellar maiter being Ciff ' :se nraterial in tb.e forra
of dust and gas. this diffuse material reveals a close relatiorr
sbip with the space distribution aad tb.e rnoti_oa of youag stars.
It i.s strongly concentrated. in the plane of the Galary, has
nearly circular velocity f ield., end. snall velocity d.j.spersion.
At tiris point one could. cdne to tb.e secoad. coacl-usion, there
is probably a close reLationship b'etween the presence of
diffuse material and the foruation of stars. From observations
we -srow thet in soEre cases stars produce dj-ffuse materlal

/supernovae,  novae,  c ther  types of  
.mass 

e ject ion, /  but  is  the
reverse also possi-ble: nansely, can stars fo:m from the d.1 ffuse
material? The theoreticel answer is yes. let us ad.opt it as a
worki.::g Wpothesis for tb.e corson dJ.sc stars arr-d. try to uncler-
stand. the present obsern'ational situation.

As a first step to produee stars fron diffuse
ma.terial one needs soue kind. of instabil i.ty agaiast denslty
perturbations. This Eeans that a density fluctuatioa in a
continuous medium w:Lll- be not d.estroyed, by i-ntri.nsic motions
bu! leads to the separation of a certai-n fraetion of the
med.iun from its surround.i-ng. The most importani instability irr
th.is context is among others, the gravi-tational or Jgens ia-
st'anitity ,/see the review psper of Kaplaa end ?iket'net L974/.
tr'or the mass and- size of a fre,6roent prod.uced. in thi.s way, the
' fo l lowing re lat ionships hold:

**(+)/' *-(+)l
yieid.ing rinder ccrru:lon clrcunstances in the interstellar

.  - ) A  A
rater ial  { f  er lo-z+ 3r/cni ,  T ^r loooK l ,  ^t tL * lO+7ya. ana R=?Opc.



-l. i ter" iragt:e:.itation t:re bioud' begins to con;ract a:-i unt*i the

cc:- - t rac: j -or :  is  s ioppeC subseque: : ;  f ragneniat ions cen teke p lace

gig ing masses l ike ste l - l&r  nasses.  The corr t raet ion : -s  sensi t ive

tc tne enerty  logs of  the fz 'agment ,  i .e .  to  i ts  cheraical

conpositi-on anC dust content. Since the fragnents are not

isoiate,S but influenced. by the revolution around. tbe galactic

ce:it: 'e, t id.ai disruption cdL take ptace if the densiiy of the

clouo. does i:ct exceeC.some cr:lt ical value. The cr:J.i ical

densi ty  equals-6x10-t+gt /cd at  the d. is tance cf  the sun f rom

:ne galaciic eentre /Hoerner f957/. thi-s neans that und-er

rc=::ai cond.r i ions a cloud having the parameters given above

caiuio"i evolve inro stars. The s'bud.y of the behaviour of the

i . ' i f : rse nater ia l  however,  reveals ihat  shock waves in the

i ,e l -a: :ay p: 'oduce a h: -g l  deg: 'ee o i  conpression and nake the

ccl i - ' l :cns sui table icr  s tar  f  orn. rat ion.  ' Ihere are d i f ferent

processes ieaci -ng to shock forraat ion.  A ' large scale shock

!"-rier:: e>:!sts in ibe lnierstellar rnediun governed by the

aer:.sj jy ' lvave in the galactrc d.isc lead.ing to ihe gra[d d.esign

n! .  cr r -e- l  a76s /Robef is  L969/ .  Snal ]  scale shock nay be
L -  ! 1 r r - q !

proaucedI €rg, ,  by supert iova explosions /Cgel-man and lUaran

- J  ! c /  .

i :on rhe observat ional  pc int  o i  v iew we nay ask

- :hat  k ind cf  objects could correspond io these theoret ica l ly

:esgr:-bed. fragri:ents. Young starsr as a mle, occur in open

c}-rs terr  havi : rg tote l  aasses of  sone 100 Tt ' tg-  sone 1000 f f ier

o r  . i n  s te l l a r  assoc ia t i ons .  f hese  ob jec t s  a re  re la ted .  t o  each

c:ner because the large associations ' iuhich usualJ-y ccntain

cne cr  :xore s lusters in  thei r  eentre,  aTe d isrr :pted.  in  some

107 years by the galactic t idal f ield /Ambarcurnj an L949/ but

; i re  cy: ia : j 'ca l -  evc lu i ion o j  open c lusters is  much iess

:r:f lua::.:: i  
'c;r rt ar-:. i. ls mainly i.etertr: ined by intrinsic dSrrani-

:e l  e f f  eczs,  sre! l -a: :  c lusters reveal  a r ,ve l l  d .ef rne 'c .  s t r ' . rc ture

. / . { .c lc : :cv 1)7I / :  t } -ey have : 'e la i ive ly  iense r l ' - :1e i  anc er : -

|z: '. ieC re.r=-f: 'e._ co:'oliaer The rad.i l cf the nucl-ei /2'3 pc/ ate

* .  tne sar :e f  or  the Pl -e iaces,  Praesepe and o(  Per"ser  c lus iers

i 'r-e yra.1.:i of thelr ccronae are es t:,uch as 3 tines iarger'a::.1
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- .=cn 30 to 60 perceat  of  a i1 s tars c f  the c lusters are found
in thj-s coronae. According to the inveetigatj_ons the aore
uassive stars are c lcser l  on sverage,  to th.e oentre of  open
clusters than less masslve stars, The uentioned. features of
open clusters nay be regariled as evidence that i.:r these star
eomplexes stellar dynaddcal relaxation is going on at a quite
raprd. rate. fhe existence of the nueleus and corona seems to
be caused by the d.evelopment of the so-called nucleus - c6rona
instabj-l i ty /LWddn-BelL and V/ood'1958, Gurerrich L969/, !h,e
tir:e scale cf these processes must be very short beeause tb.e
youngest star clusters also have thj-s property. Tb.e tine scale
cf nucieus - corona inetebil ity can be estimated. from the
general expressi-on of ihe relaxatj_on time v-ia star-star co1-l
coll isions ,/Michalas L968/. The siatj.sltcal approacb. of the
stand.ard siellar d.trm.ami"cal theory Coes :rot work well. when
appl i -e i  to  systens having nembers i I= 1699.  Eowever,  compuier
sirulati ons of such systems with N= 100-1OOO bave confirraeC
th.ej-r evolutioaary eharacter given by statistical th.eory. We
can therefore use a qualitative pi_cture based. on this theory
bui a quantitative piciure baseil on this theory has an
accuracy of a faetor of 2 or 3, The relaxation tine rria star-.
-s tar  co l l is ions is  g iven by the fornula

q .  ' \  1 / a

- _ E. 3x1O/ (r-n-Rn'/n ) 
' / a

- r  
ice( l rn/2)  

Years

w-here lL i" the number of stars in the nueleus of the cluster,
n the nean stellar nass, Ro the size of the nucleus. The
slace <iensity of the stars !.s nueh less i.rr the corona than in
ihe nucleus so the corona is  pract ica l ly  co l l is1onless,
Therefore to obtain the relaxation tin:.e the substitution of
the correspond.iag data of the nucleus i.s sufficieni. Substi-
i u t i ng  i n  t he  equa t i on ,  f o r  exaap le ,  t he  aa ta  o f  r he  p le iades ,

.7

we obta in {x}0 '  years.

, The forrnateon of the corona is an interrredi-ate
stage of  the star  c luster  evolut ion.  ?he t ida l  force of  the
Calarry dismpts the corona where stars are weakly bound.. The
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process of evaporetion of stars from the nucl-eus is contirrued

leading finally complete decay of the cluster. The estimated

d.ecay ti-ne on .ttre basi-s of the statistj-cal epproach is about

]oo t".tHowever, the computer sign-rlations of clusters show

that the process takes place much more rapid.ly. According to

these results the d.ecay time is of some 1-0" years for a typical

cluster/Aarsetb 1973/, The statj-stics of ages of stellar cLus-

ters support this result. 50 per cent of all cl-usters have

ages 1ess tiran zxro6 """"" *r,.a oory a few more than 1o9 years

, / i r ie len l97L/ .

T } r e c o s m o g o n i c p r o e e s s e s d . i s c u s s e c l s o f a r o c e u r i n

a ihin 1a,yer of interste- : matter in the galactic disc' The

half i;hj-claress of the layel is about 1O0 pc aear the sun'

/ t h e h a l f t h i c h e s s o f t b e o p e n c l u s t e r s s p a c e d i s t r i b u t i o n
is about 50 pe perpend.icular to the galactic pl-ane"/ However'

cbserwations indicate that a considerable number of relatively

young stars /A' and' late type B stars havl::g ages of some 10"

ygars/ rray be fo'.rld. at fa1rly large distences from the galactic

plane. j; lost of these do not belong to stellar complexes l ike

associations or open clusters and. rnay be consid.erecl as field

;:tars. A large percentage of the field' stars, howevert are

:renbers of double or multiple systems /3O-5O per cent or

iaore, Batten lg73/. If we try to explein tbeir origin by

slrailar processes as we bave d.one in the case of the young

siars vre bave to fi-nd' soroe kind' of ste1.lar dynaraical process

p:'oviding a scattering of stars from the thj 'n layer of the

lnterstellar matter where tbey were formed.. In the following

we Ci scuss th:Ls problem in more d'etai]. '

the space density curv'e of A and' Iate B stars

perpend-icr;lar io the galaetic plane shows a shape whi-ch can be

€zpiained by supposing a superpositi-on of two kinematically

disiinct subsystems' each having Gaussian velocity distri-

bution but vrith a ratio of the velocity d'ispersions of 1:2
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V {z)=vr (0) exp v$tz/<vlr> ).v2 (0 ) exp FqEf vz?rl

The togarithraic ratio../ ioslVtOllVr(O)]Z ot ihe density of the

less compact component /the ccimponent with larger velocity

d-i-spersion/ to tine total d.ensity at z=O depend's on spectral

type and. slrows a iusp from a velue of 10-z to IO-' at AO

/BaL6zs lg75/, fhe subsystem w1th greater velocity disperSion

is more prominent amollg etars harring later spectral types and

eonsequently longer l ifetimes, and pre'cti-ca1ly d'isappears

in the cas€ of stars younger than Ao. If stars are borrr

continuously the existence of two kinematically d.ifferent

subsystems would. be d.iff icult to erplain. Tbis supports the

id.ea of birtr in large quanta. Takiag into account that the

young stars are more concentrated. to the galactic plane th.an

the older stars and. that the subsysten of large d.ispersion

increases in its pronr-lnence towards stars bairing ionger i ife-

times it is reasonable to suppose that the two kinematical\y

d.ifferent subsystems d.iffer in age too.. The tine d.ifference ?

between two t'birth event"" xu" 
be estimated. by the l ifetine

of the AO stars /about 3xlOo years, Iben L967/ at which the

jump appears in the tog LV'1O/VtO)] 
'ra1ues. The uneertainties

of speciral classification on smal-l sqale spectra d-eterin'ine a

confiilence interval around. AO. The edges of this interval ere

gi.ven by BB and- .4'2 and', correspond.inglf, bS ihe inequality

1 .5  x  108  y rs  <T<5 '5  x  t o8  Y rs

we may ask wh-Lch process is responsible for this quantization

in stel_lar birth rate. According to the density wave theory

of spiral structure /I, in and' Shu 1954' l ' i l l  et a]' L969/ a

st ream of  s tars and.  in terste l lar  rnet ter  passes the d.ensi ty

wave twice in a revolution erould the centre of ihe galaql

a n d a s h o c k w a v e w i l } b e t r i g g e r e d i n t h e i n t e r s t e } l a r : a t t e r

l -eading to a h igh s ie l lar  b i r th  rate.  The theoret ica l ly  requi red '
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t ime between two passages equals 2.5xLO" years at  the d. is tance

af the srrn frnm the galactic centre and. the tj-me of 3x10oo - - - -

years estimated above is close to this value withj-n the un-

certainti-es of the estimation. The newly born stars have

similar space d.istrlbution and. kj-nematical behaviour to the'

d.iffuse material; i.€. they are strcngly concentrated. to the

galactic plane and have nearly circular velocities and small

ve loc i ty  d- ispers ions.  The greater  ve loc l ty  d-J-spers i -on of  the

older subsystem could be erplai-ned by d.ifferent stellar

d.ynaraical processes: encounters with large clouds of stars and

gas /spitzer and schwarJzschild 1953, Julian 1967, Barbanis and.

f io l t jer  Lg67 / ;  cooperat ive phenomena, / lynden-8e11 ] -967 /  ;

e f fect  of  non-per iodic  orb i ts  /Wielen f975/  etc .  They must  have

a character is t ic  t ime of  1Oo years which is  a prescr ipt ion for

ar4- theoretical picture trying to explain it.

i ie la t i -onship of  f ie ld.  s tars to s te l lar  c l -usters

The last  problem we would l ike to d lscuss br ief ly

is  ;he re lat ionship between f ie ld s tars and c luster  s tars.  we

have sholv-n that probably they were also borrr in the galactic

?1ane but  r t  remains open to d. iscussion whether  they were ever

o*r1b""" of any clusters, The rate of stars whi-ch are or have

been c luster  nembers to the tota l  s te l lar  populat ion may be

. 
estirre,ted, by the following es:T:rt /schmidt , 1963/

q . = -
T R

ruhere mo,  i t r " r ,  Er  R are the mean in i t ia l  mass of  a c luster ,

the nunber of clusters in a cylinder perpend'icular to the

}e\zcij lc plane per area unit, the mean lifetirne of a cluster

end the rate of  s iar  fornat ior l r  respect ive ly '  For  {7Zo *"  " t t l

ta\e about La3 lTL"/Schr'idt, Lg63/ as a typical 'ralue. l i"t

2e: , -  . -e ie te: r : - ined.  us ing tne Ca[a of  s tar  c l ' ;s ter  ca ia logues.

l o  a - : r : - ) .  ee iec ; l - on  e i ' f ec t s  v re  cons ide r  ob jec t s  v i i t h  d ' i s t ances
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<5OO pc .  The  ncs t  cc r : I l l e te  ca ia l cg te  / t t L te t  e t r  a l ' ,  ! 97O/

n n n . t e . i n s  q ' n n u t  5 O  n l r r s t e r s  h a v i r i g  d j - s t a r c e s  l e s s  t h a : 5 0 0  p c .
e U t I L O l r U  / !  v : 4 e  v v 4 v  ' _ * r  - _ _ O

thus rie are able io obiain a value of }tr", d TxLO')/y'ct ' tbe

mean liferime, as we bave alread.y mentioaed, is 5xlOc yeals'

The present star forT:ation rate in our Galaxy is given by

Iiezger and Smith /1975/. they have obtained. a value of 4.2?r�1o

/year which correspond.s to about 6x1O-9 Ml'4/ vtz/w'

Substituting tlrese d.ai;a in the above equation we get q=O'O23

which means that only a snall percentage of the stars have

ever belonged to s te l iar  c lusters '  Ihe d.ata used to obta in

tiris resuli ob'riously suffer fron: uncertainties' If we

consid.er the pbenomenon of the corona around' the nucleus of

the c luster  we can increase the value of  f f iqby a factor  of

ti"o. ifcl may be higber due to the incompleteness of the'd'ata

consi4ere6. The value of T is confirreed by cumputer simu-

iations so we carrnot cbange j-t o'rastically. lhe most doubtful

quanti-ty in the detenr.ination of q seems to be R, ihe rate

of star fornation, Accord.ing to the schmid.t nodel of, our

Galaqy /Lg65/  the tota l  sur face rnass densi ty  at r tb 'e Sun's

d-istance from the galactic centre is 114'| ' �TL"/oc-. Assuning an

age of ,^,, lOru years for the Gaiax3' ano"e constant star

formation rate d.urj-ng thi-s period we could get R A'i0-8

Tt t4!V"2/V,  i f  the in terste l lar  mat ter  of  the in . t ia l iy  to ta l ly

g"Juo,r" Galaxy. has been compleiely converted into stars an1

no repleni-shr:.ent of the diffuse rnaterial has taken place d'ue

to mass loss of tb.e stars. [h:Ls very^crrrde estination shows

irr.at tne value of R a3 6xto-96|"/pt2/y' shoui' l '  be reali 'stic'

Surnmarizj-ng all these consid.erations we coirld. obtain q=0.37

if we increase Z'dC @ ano lI", and' decrease E and' R by a

factor  of  two,  we may conclude therefore ihat  the b i r ih  of

+La  no ia r i t v  ^ f  t he  s ta rs  as  c l us te r  s ta rs  i s  i np robab le .
u I I s  u a l  v r r  u J

t h i s r e s u l t s e e m s t o b e s u p p o r t e c . b y t h e s p g c e d i s t r i b u t i o n

of certain types of "r-ery young starsl the 0B and ? Te'uri

s ta rs .  f hey  occu r  i n  J -a rge  g roups ,  i n  esscc ia i i ons '  bu t

r n a n y o f i h e m a p p a r e n t l y d o n o t b e l o n g t o s i e l . l a r c l u s i e r s '
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C oncl-udir:a :'enarics

Sunmarizing our discussions u'e should. say that

i rars,  at  least  the OB and T Taur i  s tars,  are born in  large

conplexes v,'hich are identical re,ther with stellar associations

than open c lusters,  .However,  they may be genet ica l ly  re lated.

io  each other  because many of  the associat icns conta in one

or nore oper:  cJ-us iers probably born together  wi th the

associat ions conta in ing them.

The asscciat ions are unstable against  t i .da l  d isrupt ion

and are d isr" rpted in  sg: ie  lor  years.  The dyr lamical  evolut ion

of  open c lusters,  hovrever ,  is  basical ly  detenr ined by

int r ins ic  pfocesses.  The format ion of  corone and nucleus l -s

an ' i:: iportant stage d'rring the dynamical evolution of clustersn

If vre assume that stellar complexes have grown out

f::ou: huge clouds of d.iffuse material the lnstabil ity against

tidal disr,rption should pose a serious problem. Different

shock processes in  ihe in terste l lar  mat ter  could prov id.e

sui table cond- i t i -ons for  s tar  format ion.  The most  i rnpor tant

s i : .ock feature in  the in terste l lar  nedium is  the pat tern

acconpdnying the gzavitational density wave in the d.isc of

ihe Gala4y causj-ng a high stellar birth rate and leading to

ihe phenomenon of spiral arlns.

The or ig in of  f ie ld s tars appears to be a d- i f f icu l t

problem to so1ve.  Their  space d is t r ibut ion perpend. ieular  to

:he galact ic  p lane reveals,  however,  that  thei r  b i r th  re lates

sornehow to the shock pat tern connected wi th the densi ty  lv&ve.

Tbe high percentage of double and multiple systems

a: : iong f ie ld s tars const i tu tes another  d i f f icu l t  problem. So

1' /e are far  f rom the correct  answer to the quest ion:  how are

etars rea11y fonned.? tr\:rther observations and. theoretieal

invest igat ions on ste l lar  cosmogony are therefore necessary.

-::knorvled,gement e
'  $Je are great fu l  to  Dr '  B.A.Bal6zs for  va luable

i recussions of  the problem. A.Chernin is  a lso g lad to ac-

:  c ; , ' ieeEe the hospi ta l i ty  of  Konkoly Observatory,  Budapest .
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DETERIM}IATION OF fiIE AGE OF CIUSEERS

BY OBSERVATIOI{S OF .TIARE S1ARS

! r  Q  P o  r c e m ' i  a n

Abst rae t
' v \ i l t h t h e a l d o f a f u r t h e r d e v e l o p e d v e r s i o n o f H a r o , s a n d

chav i ra ,s  method the  age and d is tance o f  l JGc 7000 is  de termined '

The age o f  ind iv idua l  f la re  s ta rs  . ln  aggregates  ls  poss ib le  to

evaluate as well  i f  a gooo number of f l -ares is known 1n them'

Us lng  the  au thor 's  method age es t lmat ions  fo r  a  number  o f  f la re

s t a r s  l n  t h e  s o l a r  v l c i n i t y  a r e  p r e s e n t e d '

PesnMe
c troMoqbs ,4aJlbille paSBEToro MeroI'a Apo r 9asupa ycrasoB-

Jrer{r{ Bospacr E paccro.slMe NGC ?000' 'tsospacr or'�u'�ensHr[r 8CIEmtr-

BaIouFxsBe3 .4Ba lpe laTaxMoaHoToaeJ IeFKooqeHt r IS 'ecJ I t rE3 -

BecrHo B i{Ex AocraTocgoe KOJIEqecTBO BCTrneK' IlpEMeHfiE MeTo'u

aBfopaI 'a$tcf ioqeHEtrBospactaIJ igpEABcl lHxEsasl l l t rx3Be3.qB

oKpecTHOCT.flx conlqa.

T h e n e t h o d o f d e t e r m i n a t i o n o f t h e a g e o f a c l u s t e r

by absolute magnitud'e 
'Mv 

of the main sequence termination

point encounters d.iff icult ies in the case ; of very young

clusters since the d'ispersions in Mv for a given spectral

iype and. age are large' I i is therefore natural to look for

other criteria and parameters for d'eterurining age' At th'e same

t ime i t  is  desi - rabie that  these parameters be suf f ic j -ent ly

sensi t ive to the age of  young c lusters '  S ince each young

eluster  conta ins 3n aggregate of  f lsre stars ihe stat is t ica l

features of  whigF depend- veiy  s t rongly on age'  r i  is  nat t l ra l

to  iook for  cr i ier ia  fcr  a8e among t i :e  parer leters :Yvhicb '

c lescr : -be th is  aggregaie '



r  ^ A- l a v -

1.  Detern inat ion of  the age of  s te l ]ar  aggregates

After Haro's and Chavira's works [f rr] it bcarne

evid.ent  that  the ear l iest  spect :a l  c lass of  f lare stars or

the normal  luminosi ty  of  the br ightest  of  f lare starse i .€ .

the coordinate of the point on main sequenee separating the

flare stars from nonflare stars, couid. be used as such a

parameter. unfortunately, the deterlnination of this point J-s

a rather cliff icult problem, especially i-f one takes into

aecourrt that the eolution of the question whether a given

ster is a flare star or not depenils on: I/ t}re ninimal

amplituce of the flare vrlf ieh can sti l l  be observed. with a given

netlrod of observation and 2/ t:ne d.uration of obserwation of

siars which are suspected. of being in this 1in-it ing region.

i t  is  therefore d.es i rable to.  use as a cr i ter ion parameters

for the i letertnination of which a large amount of d-ata on flare

stars is  used,  I t  seems possib l -e to do th is  by d. i f ferent  ways

and in all cases the longer tru*s duration of f lare patrol in

c lusters the greater  the sensj - t iv i ty  of  the nethod.  Af ter

having chosen the paremeter or parameters sensitive to the

age there remains the irnportant aniL diff icult problem of

absolute cal ibrat ion of  parameters.  Sr ief ly '  these parameters

are deterrn ined as d.escr ibed below. For  deta i ls  the reader is

re fe red  to  ou r  ea r l - i e r  pape rs  [ 3 r41 .  Fo r  t he  o r i on ,  P le iades

and Praesepe aggregates two-dimensional d'iagrams A utr vs n,.,

A *r, /tbe flare amplitudes on which each flare is presented.

by a point of Fi.gs 1-4 iJr Ref' 3 / are constrrrcted'' On each

of them are drawn the l ines describing the l imiting values of

A u-- . j-.e. the l ines giving an iclea about the maxlmum
1 l -

anplitudes. These tinit i-ng l ines couLd not be always drawn

vrith certainty especially in the case of aggregates containin8

a scja11 nr;nber of obserrred flaz'es. The greater the number of

observel  f lares,  the greater  the cer ta inty  of  drawing '  /The

enveJ_ope, vrhich is approxinated by a straight l ine could. be

d.ravm r i i th  nore cer ta inty  i f  the number of  f lares were Larger . /

The d.iagran A o,, vs ri iu for the ?leiad'es shows that the

stra ight  l ine.  can be accepted as a gocd approxi rnat ion.  I t



- t ? L -

turns out that the parameters K uod oo,-, of the equation of

these st ra ight  l ines,  A * . .  = K(n. . ,  -  *o*) ,  depend on the age

of the given aggregate' ! '9r example, fron the latest

obserwat ions the value of  K for  or lon,  F le iaCes and.  ?reasepe

i s  0 .95 ,  O .81 ,  and  O .77 ,  respec t i ve l y .  These  va lues  a re

proport ionai  to  the logar i thu of  the ages of  these c lusters

so that
K  =  l ' 3 1  -  O . O 5  l c g  \  / I /

where ages cletermined by earlier methods .[ 5 I '  were used'

for the purpose of calibration. The existing theoreti-cal

schemes do not gi-ve any explanation for the flare activity of

s tars and i ts  consequences.  therefore,  tak ing th is  to be a

future problem, for calibration purposes we are obliged' to

use sges which are accurate to withi-:r one ord.er of magnitud.e

t 5 l .
For the ages of Orion, Plei-ad.es aad Preasepe we

have ad.opted- values of 5x1OJ, 5x10' and 5xI!" years,

respectively I l,e ; . At present o:r]y for the aggregate

NGC TOOO are there enough d'ata to deterui'iae the value

K =-O.91 wb. ich,  accord. ing to equat ion /L/ ,  g ives an age of

2xlOo years for this aggregaie.

2.  Deternr inet ion of  d. is tances of  aggregates bY

obserwations of f lare stars

From the values of K and. mo'', thus cbtained. it is

possib le to f ind the re lat ionshi -p between K and Mor,  /F ie.L/

if the distance to the aggregate is known. Adopting the usually

accepted,  va lues for  the d is tances to or ion,  Ple lades and'

?reasepe we find. that

K  =  1 . 0 8  -  9 . 0 5  M o u /2/



- 1 2 2 -

This equat i -on can be used- for  determi-n ing the d is tanees to

aggregaies with knolvn values of K and morr. For e:tample, for

Ncc ?ooc th is  nethod" g ives a d is tance *Jf ,ur . t "  P = 9* ,

vrh ic l r  is  in  asreenent  wi th i ts  modert r  est imat ion /  L  = 6OO pc

to 6fO pcl .  nquat ions / I /  and /2/  a lso g ivs the fo l lowing

relationshi-p between }do* and 1og T.

, r o , ,  1 . 4 1  l o g t - 5 . 5  / 3 /

?he d.eiermination of age by equation /1/ requires many years

of  obserwat ion s ince for  accurate evaluat ion of  K i t  is

necessary to detect  as mal ly  f lares as possib le.  However,  I

less accurate est in :at ion of  age is  possib le by the fo l lowi-ng

method. in the aggregaie und.er investigation choose randomly

a group of bright stsrs rvith magnitudes between magnitudes of

flare and- nonflare stars. This borrler magnrtude cari be evaluated.

by otb.er  character is t ics of  the aggregate,  A Srdoelectr ica l

patrc i  o f  these stars should then bercarr ied out  as th is

a i lows us io  detect ,  wi th in a shor t  t i :ne '  the f lare act iv j - ty

^ f  + ' . F = a  q i . r F 4  s r - . , i  i c  d e t c r r y i  n e  - r  n r d  M  i  f  t l ^ e  { i S t a n C g
U :  u - r ,  4 r U  e  U  u s

to  i l re  aggregate is  known. i t  is  neeessary to note that  in

ihrrs case we d-o not f ind. the actual value of n,ro but a value

r:rhieh C,i.ffe::s from it by about OTa - fTO. fn ihis way it j-s

; ;oss ib le ic  l -nd. ,  and f rom equat ion /3/  io  evaluate the &.pprox-

, : ?a te  a3e  o f  : he  agg rega te .

J, Detertninaii-on of the age of f lare stars

The daia on flare stars i-n aggregates allow one to

est- : , - .a te not  cn l ; ' r  ihe age and d is tance of  aggregates put  more

i rnpo=ia l - t1y by scn,e ob ' . ' ious extrapolat ion suggest  a method

f  or  d-e jerr i ina- t i -on of  ,he 'ages of  f lar 'e  s tars themselves,  The

la i - .  : '  : -s  i : : te=e: t i ; : ;  ior  the u-nderstanding o l  the or ig in of

, f1a: 'e  s iar :  i l  the soiar  v ie in i ty  and : -n the gal -act ic  f ie ld '

Se.rera:  ;e l )c- t :3  ha ' . re been devoteC to :h is  probien in  v ;h ich
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ind i - rect  est imdt ions of  ages of  f l -are stars were g iven IZ- f01.
f 'rom the d.iagram A m* vs m., it is possi-ble to

detem:ine the observed maxin'rum values of A m.. for d.i-fferent

1{... , lYj.th a maxj-murn vaiue of A nf. it is possible to determj-ne
u 4

the absolute value of  f lares ' themselves for  s tars of  d i f ferent

absolute magnitud.es I I I .

In lable 1 the maxiinun values of absolute magn-itudes

of  f lares,  M",  est imated by us ing the newest  observat ional

d.ata are-g iven , / for  meaning of  the notat ion used see Ref . l  3J/ .

The values in  parentheses are obta ined by

extrepolation. From Table, 1 it is evicl"ent that ihere exi-sts

for each M a relationship between [{t and 1og T. In our earlier

vrork [ ] I the relationshj-ps between Mt and. 1og T were estimated.

to be paral1e1 lJnes for  d i f ferent  \ ts .  However,  the more

accurate observations available now show a system of divering

] ines /Vig,Z/ .  In  teble 2 the values of  log T for  d. i f ferent

II^ and. M are siven.

fabl-e 2. the values of log t for d.i-fferent values

cf I{, and M'

rf, \ rom 1lm rzm 1im 14m 15m l-6n l7m ]8m 19m zom
*f

. V t / . a -
4  O . 4  o . )

^ a ^
)  { . v  o . J

5  7 . 7  7 . 5

7  8 . 3  e . 2
8  q . 9  8 . 8

9  9 . 5  9 . 4
io  10 .  i0 ,
11
12

a ^ a ^
O t Z  O t C

a ^ / ^

- i
1 . 1  ( . +

g . o  7 , 9
u .  b  6 . )

9 . 2  9 .  I

J . o  J t  t

a - / / a a
O . l  O . o  o r o

7 , 2  7 ; 2  7 , I
7 . 8  7 . 7  7 , 6
8 . 4  8 . 2  8 . 1
8 . 9  8 . 8  8 , 7

9 . 5  9 , 3  9 . 2
1 0 .  9 . 8  9 . 7

8 . 0  7 , 9  7 , 8  7 . 8
8 . 5  8 . 4  8 , 3  A . 2

9 . r  8 . 9  8 , 8  8 , 7

9 . 5  9 . 4  9 . 2  9 . r
9 . 9  9 . 7  9 , 6

T j  n - . - t  o t g l  n f  t he  so la r'  L .  . , . ' L J

1y long t in :e so that  one

:bserved f lare is  c lose

r r i  n i  n i  t v  ' i  q  n h s a T l f e dv J  r u  v v v v .

can be assured- that

to i ts  r .ax i t lum value,

for  a suf f ic ient-

the largest

then lrrowing
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M = l0 ' "  =

M  =  1 0 t

1
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l . -  e n i  - . - - : - t ; s  1 c s s i b l e  i o  e s t j - n 3 c e  t h e  a g e  c f  t h e  s t a r .  l n

c o : r i : ' a s i  1 o  t h e  i i r s t  a e i h c d :  i n  t h i s  e a s e  i t  i s  r i e c e s s a f ' y

;c  k rcv  ihe  d . i -s tence o f  the  s te r ,  in  tab .e  I  we present  th .e

c i r :e rva t ione i  La ia -  a t  n resent  ava i iab le  on  so lne  f la re  s ta rs

: -n  ' .1 :e  so le . : '  i - i : i r r i i y  snd  the i r  ages  es t i tna te i .  by  the  above

r :e i j :od .  Tne i i z ' s t  f : -ve  f l -a re  s ta rs  have been observed most ly

ly  ;he  par rc i  ra : : t s  c j  the  i : : ie rna t i -ona1 pa t ro l  o f  f la re

s tars .  EQ :e r  and C i i  Leo are  observed s ign i f iean t ly  less '

t } ' re re io re  lhe  es t ine i lon  o f  the i r  ages  cou ld .  be  changed by

i l . l tu re  obse- r - . * -a i ions ,  l i c te  a lso  tha t  ages  grea ter  than 10v

J-e+rs  a re  base i  on  ex t r 'a :c l -a t ion  f ron  ages  c f  agg legates  w i th

:u i ; i r  sh .c r te r  ages .
{ l r h ]  s  i

Sta r  \ - "'u riax Sp. type A  o e' - o -

l
!

,

)
+

q

I

BY

AD

EV

YZ

U\i

iv
EQ
Clil

Dra

iac

u c  i . _

I-e o

10T11
I J .  b U

'1 /i on

I a n/l

r  . \  QO

2 0 . I C

L t  j

tr ,.1

-1 .7

2 . 4

f  r  r ' l
L  ! ! l

t  1 2 1
L t ) l

I . L 4 J

l l q l
a  L l  I

t  i 3 l
I  1 3 l
L L ) I

rlll.n

o A

' L 4 . o

7 a

, 1 .  5e

4 . 5 e

5 . 5 e
f ^

4 e
3e

dK

dI/l

d]'i

d.M

dM

dIi{

d i,{

'111

(1x10- years

( 3xlo8 years

-( 3x108 years

-< lxl-09 years

-< 9x108 years

-( Jx1o9 years

{  2x l0 loyears

5 5x lo]ovears

is cai-r be seen from labl-e j, tbe flare stars in the solar

v ic in i ty  ha-re qui te d i f ferent  ages.  W Cet  was obser ' red.  rnore

than the othe:'s and it seerns that its mazimum ampl-itude

A *"  -  6r . '5  I i5 l ,  o l '  A ' r ,u  >zaTo j -n uLtrav io let ,  is  c I :se- to

ihe r.axi-nur' r;alue. Jf this amplitude can be changed by 0i'5

then its age can be .-( SxtOo yeal's, r,vhich ls not 1n contra-

: rc t ion v; i i i r  the assunpt ion of  Eggen that  UY Cet  belcngs

rc  t he  H ; i a l ee  e lu . s te r  116  ] .  Fz 'on  Tab le  3  i t  i s  seen  rha t  t he

e;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;es of :lZ .'-.-- and UV Cet are significantly different fron

7Ye airls ci ihe temaLnj-ng f 1ve stars .
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th:s we obta in l i f ferent  ages for  ihe f lare stars in

sc lar  v ic . in i ty .  A i  the sane t ine ihese ages are or ' ien much

less than the age of  the Gal-a4y,  i .e .  many o i  then' i  are

re la t i ve l y  Young  ob jee ts .

The accumulation of cbser'/ational data on fl-are

siars in the sol-ar vicir: ity nay perrr-lt us to sol're the probleui

of  i1are stars of  d i f ferent  ages.

I wish to acknowieCge the valuable ad'vice of Prof'

V. Anbartsumj.an.
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Itrsnco K. ilsetroe

Peanre

B Aaunoft pa6ole paccralpnsanrcf, peaynrlalu QorouerpR-

qecxux u ctregtpanbruDr { c 40 o$seslgBgoft npuenofl] ncqne4osa-

rnfi E4 -stlltccuoggrlx sBesI 3 odnacltl IC 5068-?0 n NGC?00,

trpoBeAeg6ue Ea 40n/52t telecro11a c4cieybl IIIUtrAEe Snpaxarcrofi

acrpoQr3urrecBofi odcep3aloptru' Ba oc8oBe BposoAeEEofi UBV -

Qoror,paQnrecxofi Qorolerpnr wa 2I3 33eBA c Hx -orucctrefi I

uccneryerofi oonaclE crenaE 3bllor c rx pactrpeaeilecua B

IrrooEooltr faaarrurs { I^us areaA cIIeBlpaJIsEtx rf,ao3 B-A0 ) r

Ea Ardalpaurax VrB-V I U-B'B-V . PaCCUOtp€Er laEse' n

3OtrpOC O6 nX llepeueBEoctn.

Egscg

In tbe present pape! the general results of pboto-
'metrlc and spectroscoplc /wltb 40 objectine prisu./ stud.y

ln tbe IC 5068-70 erd SGC 70OO region with tb 4A"/rO"

Schnidt telescope of tbe Byuralan astropbysieal obsersra-

tory are discussed. 0a the basis of llBY-pb.otograpblc

photonstry for 2L, E4 -emission stars tn this region sone

concluslons for thelr dlstribution ln tbe gal.actic plane
'/fot 

spectral typ€ 3-A0,/ and al.so oa E-R a!d. U-B'B-V diag-

rams ale nad€. (be questloa for tbelr variabllity is

coasidered. too.
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Apu.CCP i 1972 !. I coctalnnJlu qacrtp trporpaxuofi E0 noyqenss

3Cr$XUsaFqr[E 3Be3I n 33e34 C Hd-sUUCCUefi 3 aoooqllaq$fiX U

sggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggono&Dc 33e3,4SbDr CSOTTeESSX. B teqgsse qerspex lI€8 Ha 40n/5?n

!i, ZIn/lla iene(cxoflax cncreu$ Ilmgra 5A0 nporogu.nucs tratpyJtb-

EHe QOrOXpaQUqec$Ee HadnnAeHnfi, 3 ocHoBHotrr Inf, no$GlcoB
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3Aecr cpasy EyEEo otuetur&, sto urgafi qactl sccneAye-

ri{oro $ordrule$ca { IC 5058- S 8I-85} iIosTtI Es uccJieaosaJlacb D

cluilcJle noEcfioB 38e34 c uo(-gulrccnefi c dosrssuu n!1po$oyronS-

EHus $sctpyueErasE. YEe cuyoauxolaEHHe o6pa3x Xep6ura ( 195e )

K Benrrna llg?3) nocrnranr toJrb"l Ao cf = 42o30' . nns uon-

Eroclbr -o6aopa tr nsyseEEs y8e EtsBecrEbcE 33e34 c lll-Ouuccueft

r,l! ScnboolBapqtrx 3Be3A 3 MuHtrldyue 6lecxa 6uau npoteAeHH ce$o-

sopBe cllerrpansEHe trccJIeAoBaEfr c llo!{oq5s 40n/52n lluuAr

serecfioua 5A0, caa6aennuu c 4 odbefiturnoft nprauoftr xotopan

aaer A[r.rcnepcEa 275 A/ua osoJro H; . loucxx Hr6 -e$uccl4oEfl]tK

aBea.q 6unu npoae,4elilJ Ea lrJlacrt{Exax llod ar IIaF B coqota-

lsfilr co cletoQr{rbtpou R610, npa golopolr r{H.Bu.qeimJrr{ od.nacrr

sJrexrpa ueB3y 6100 - 6900 A, CpeAnna Al4cnepcllfi r esofi cne!(r-

panbHofi o6naclu 800 A/uu, a rpeAenbEafl 
TtuOttt 

seiinl{aHa,

Aocrr{rEytas c ?KcuoaltqNell r oA}r[ sac - 18.5 r Qororpa$u-
tiscili{x Jryqax.. I{a ltonyqengotr uarrs sadrpAafen]Eou uarep]tane
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ua 5 Enact[Eo$ c 3sc$O3sqi[fllln ol 20 ces. IO 90 XUA. SaIr

(ilrerron, 19?51 6uao o6napyneBo 58 EOBIE 33e34 C soc-exs0ctrefi'

orcyrclByaqg:c 3 odeopax Xepdnra {1958}, Bearna lT9?31 u

Moppgnaa n Eapneaaa ( I949rI950). Ilpoue BosLDr 33e34 C Eo6-3xxc-

cnes, Ea EarEux ruracsEEsax dEao easoso ofsPalo 39 33e34' y

xgtopt6 tsutsccns 6uaa ofuapyse6A pagee ysolttlEylsus 3i{ue aE o-

par!.

Ir,us nsyeeEss uesofopbD( csoEcIB Hsa-3I{SCCtrOEEHX 33e3I B

trccnelyelrofi odlacru 6uaa npoaeAesa sororpaQrvecxaR UBV-

Qoroxerpgl I Is I23 aaeaA (i lrersoa' I975a, 21 ctp') '  coofset-

c I 3 e E E o 1 1 3 3 e 3 A u 3 c t r I { c s o s M e p p n ' r a g u S a p s e l a a { 1 9 4 9 ' 1 9 5 0 ) '

5I - na ctrnc$a xeporra tI958), 85 - s3 cl iscaa BeIEEa {Iy73}

a 58 asegg E3 Eairero c1incsa {I9?5). IIpu asou 11ll troJlsso3anucl

uBV-QororpasEcecrrf,x cfaEaapsax (5I aseag) B Odnacts IC 50?0

cornacso pa$ore qpetsoBa E [3els03of�l[9?7}. UBV- 3BesgEEe

BenassEH 6Hns OilpeneIeEnf IIo EpaEEeg uoper Ea 3-x gacrtsgsax

B OtAensElE q3€rax. spn arox yqal$saJiscS troEpa3su IJtfi EepaS-

Bo!{epnoctu $osa .uerogolr Eefirpanbuoro sserosu:tlrpa {Ua"yunu n

fapu6granax, I9?5). CpeAnue ssarpatucecase osrdxs graeJlbt{}tr

uBHepeBIAft 4nn QOrorpaQntecxm UBV-aleaArom Bensqtrr 3 ugxep3alle

rdtsm 5'2fl  ,  cootlelclseggo' paBII ir:

m
o u= u ' r l

' m m
b g= 0 l l l  o ' /=  0 . '09 .

I lposeAennanBausUBV.sorouelpgsnoBSon] i lJ laEposeclg

-.r:racclsz:rargn Lris 45 snee,{ c I{,* -aullccueft pannux c[enrpanlnsx

HnaccoB {B-A0) no a MeroAY. l'lcno:lrayn naniiue 0 troili/qsnt{Nrr c

0ue loAouc t reHrpaJ iSH}BrJ laccax 'a laxse IEe l r0 lopb ieAaHHse
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pa3 trpeBilluagl cpeIEsD 8[I$rq|.! IlnolEoclt sllr 33e3I no Bce[ uc-

cneryeuofi o6nacts. Ilpurallaa, lllo cepeltrEa 1-uoaOcu Ea Eop-

uanbEoft lilaBEofi llocJleAo8alersEocrs, colnacEo Xoaoroay I9?0 '

coorlolcllyet ctrextpansluu Eraccar G 0-05, rH troityqaox ms

cpeAEero EescnpasJloEBolo Bl{SyaJtbEoro rloryIlf paccto8Etrfi Io

alofi oauofi ooaruofi rpytrnsposstr H6-auuccaoEFlDr 33e3I {EIPO

T-accoquaqm itedeAr T1) m- ll-11m. 1. Iduefi 3 BuAy xoA 3tr3y-

airsEol.o uol'roqeEsf o pacclonHueM B aloil oonaclu (pnc.1) onpe-

Aerfleu nctrpaBJlennblfi uoryar paccroflBls 4o T-accoqtsaqlls ilede1l

T1 mo- [{=dlo(630 uc) trp{ ruayanbxou nolrloqentrtr Ay = SEgy =d11.

[a ocraJrbn]Dr rpytrrupoBo$ s celepsoft (NGC ?000) tr nrsofi qaclu

( IC 5068 ) ncc.uegyeuoro so{nJlexca sandoneo nnrepecnoft rllserca

fgJrllna 3DO3A C Ho6-3il]lcclt0sHHun JluEufiuur lacllonoaeBEaf, 3
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o6aacrn nMercurascBoto aanrBanr tAe odnapyxenn lasre BciIHxn-

Basqne rt nepellengile 3BeBI!. 3rtr 3geBAH tro sceft ruA[uocEu

saroAflrca nepea fyuannooxbp u ecJil{ upunfilsr uro Lk Ho6 I89

n LkH s( I9I uueur cBesn!{ocrt lV Enaccar EJlaccar ro rtonyqaeu

E( cpeAsee paccroflEtre IIopflAfia 550 nc. MotrEo oluernrbr qro

usdusor nrera 8g-y B oTofi odnacru, oqenenaufi tro glEx sBeBAa}{'
m

pa3eg 0.'5 - 0.?. 9to cguIeretrScrByet o rour sro 6araaftnag

rpaEnqa teirE0ro uoFnoqanqero 06nasa EaxoAalcfl Ea pacsrofiErll

oroJro 500 nc. I{ues B Bl,rry BflA}il{oe IIoJIoaeEtre tr peccrofiHue A0

{yopa V I05? lledegsr i{oaeu otuerntE rasrer qlo oE roae npn-

sa,4JieafiE x 3r0ft rpy$ne 3Be3I.

l{a.urque orlgJrbFbr{ rpyElrnposoB 3Be3A a H a. -eNnccue&

nosAHEX CiieBTpaJI!ft8 EIIaCCOB 3 oIUSOU EOi{IIiIe$Ce y$asH3ael sa

cx o6qee trpoi,rcxogAegue s noAtlepsnaes npeAcraBnenue Au6qp-

ryuffEa 1196A1132 crp.) o tou' slo B accoquaqfifrx 33e3,4H por-

Ianrcg oSAeiIlTfHuq l,pyntragg.

c nouoqrp gasEltr UBV-$orouerBEu 33e34 c H oc -ellficcsefi

6unn nocrpoenfl ffi Auarpauua qlet-cBerldltoclS { Vr3-V} -

pirc,5 E AlyxrlBergafi rnartFauua (U-BrB-v) - p[c. 4. Inasnas

nocregoBaTeJISBccrb Ha trHalpaLir:e q3e*-c3esalrocl5 npoBeAeHa

rnn 3BeaA T-accoryraquu Jledear T1 , a gagsble g*s raanuofr

::ocJjeloBarensEcofn Ea Asyxq3ersofi AuarpaMue d$il.l ucEonb3o-

Banrr ua lV roua cdoptturca Jlan,4o.iira-Eepuureftna (1955, crp.

3? I l .

Sar xa A:{arpaure uger-cgetnuccrbe Tan u Ha ,4Byxulernoft

;liarpauile aBesAs c H*-ar,lnccueft {H€F-* pacl1peneijeilne noAodso

;rofioliiu 33e3aald B'arperaBax NGC2264 n 0pu0n. Hynno ofL{efnrb,

q?o 3BeBI.u c Hc*-3uuccueft 3 Hccne,qfeuofi odnacrx JIedeAa
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Becbida paBliopyAgyp 1lpynry. Paccuarpnsas ux pacnpeAenegl1e Ha

Auatpauuax V'B-V id U-B'B-V' uoano 3auefl{r5' cro 33e3gs

i{3 cnncsa Beansa {UHoa} Aa:COAgrCg B Cpe,qHeir oruxer qss

aBeBAii ,  odNapyreuriue Xep6ltrou (LkS"a) u l ia iu (8H"4) .

3seA.4E r{B HaBeI'O C11sc6a Saiiiluapr B cpe,4$eid flpgueaylgriii3e

iroironegne Ra A[arpauue V'B-V ilo olgolregl{lo H ssegAan Xep6ura

n Bensna. Ha glyxqaernofi Arlarpalitue sailexno la:ise t{ orcyrclBne

aBe3L oco6o asrn3gh6 r yalrpaQilonele { nogo6so 33e31a!6 ltrtra

NX Sgsiropora),

llccneAolaEse u oc -3l{!IccI{OEEbDr 3: "'Bn flacSe8 gepeueHHoc8a

6utO npOte,4ego napaJIneJIsEO C IIgltCEalIU SCIIlOcuBanqi{X 33e34 3

arofi o6nactn. IIpu aEou 6bllo ooEapy$eHor Bo I sneaA tro3Bsx

Ctre6tpa1trn;:. KIaCCOB C HoC -OuuCciaeft I Cilexlpe iSnqnrcf Se-

IIpa3trJiSHHUll riepeueEEbllli{ ts3e3AaME }I nx UoaEo IIpusscJMrE trO

runy $ 0pnonoanu trepeuesnuu' 0co6oo Basuaxlre 6xso ylenero

asysennn iIBi{eHeHI{s 6aecxa 6yopa V I05? lledeAn (tlserroa,

19?66) . Ero npg3as 6recxa 6una ngclpoega Ans ilepuola I9??-

I9?5 rr'. s troxaaara, stor Egrl![Bas c 1973 r.r npaIue$tr xa-

pa$repu3yrcqnfi cnan daecxe I05? Ie6egs s UBv-nysax yreEs-

ErurcE B ABa pasa. Paccuarpnnafl E ero rpes Ra Allarpaxue qBer-

cBe1r,r!{ocgb {puc.3} aa eror uep!{o4, !4O8sO osI4IAls' c1o 6gecs

$yopa no ilplluepy FU Opiaona c lesenues spesecn AoJiEea cratb

orHocl4laJibEo IIocl ofl HHilu'

Paccuatpxsaa llepe]IeHHocna Hoa-gldltccltosnEx 33e3& SyEEO

6IMetHIb, q1o aa BeCl flepggtr aailux naipy1n**lx Hadanlestlg

3rs 33e3,4U 8e Uoi(asatiu 3ai{etsHe scnHnB[ { truIa UV Esra } n xa-

O$OpOtr y yxe ll33eclii lg BcilhD$t3anq6g 38CI3l S erod 06nacts B
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uusuuyre 6aecxa Eo 6una o6napyxene onlrcotrE I runsr Ho( .

Sror Qarr BacnJnruBael lE![MaEun BBEfiy roror qro 3 Opuone-

arperare rpndmaurerbso l0ro 8e Doapaeta, 6nxo o6rapyaeso

sEaqtrrersBoe rrrcro 3Be3A e H& -gunccuefir solopre 0AH08pe-

ueEgo fiSJIaASCg r BCIll[x'SBapqIIMs 3Be3lal|tr.
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?ERfOD BEHAViOUR X]TD EVOLUIIO}I I}i GIOBULA.B. CLUSTERS

M3, M5 Ai{D M}5

K. Bariai

, r .bst ract

Period changes of RR lyrae variables !: ' lght pepresent

a test  of  evoiut ionary theor ies '

Studies on Ml , M5 and. MI5 did. not reveal 
'a prevailing

tendency of perlod changes within one cluster. Phase

d.iagrams constvucted. by different neihod.s r'or variab-tes in

IVi15 have been compared.  Using d i f ferent  nethods resul ts

in q qrrqtcnel - in  d.ev iat ion Of  the rate of  changes obta ined. .

Pesmae
lieMeselus trepuonos trepeMeliulor 3Be3I Tma RR Jlapu no-

rys ciryfitrT5 tr-poBep$oa Teopm 3Be3AHOft eBOiEoIIfiA. I{SyrelUe ua-

poBiry cKorureHfifi M3,M5 u i{I5 se y$a3I[BaeT lia CytreCTBOBaliEe

trpeoor44a$qeft TeHnel{IF{.Id 3 riaripaBvlelul4 r3Melrelflii treproIoB y

aTsx cirou;ierrfr. Cpamzna.mcb se$ctopue fi[arpalar@ 0-C Jlr.fi tre-

peMeEHlA B t{t5, tro,nTrqeggue paBH}sM llegogagg /liesogclt Beece-

irEHKa E MeTogoM npffx{enfieMlu{ s OdCepsarope KOHI{o"Ttr,/. i'lep$

UBNreHeIrElA trep4og,o3, go,t5rSelu{b1e pBBHHllIS L'leTOIaJdtr' o$aBa.TtrCb

laBHbiltlII.

Per:-od. changes of RF- Lyrae -rariables ndght represent

a usefu l  test  in  f i t t ing iheory and obser ' rat ions,

In l-938 Ch. l i iartin published his asionishing results

on the globular cluster C,rTega Centauri. Anong the RR Ly:'ae

stars he haci  invest igated.  he iour :d i - : lcreasing per io ls

pred.on:i-nant. lhe average increase of t1:.e pe:"rcds ', ' . 'cu1a
s C

amount  io  C? in  1O' '  years .  i i i s  conc l ' . rs ion  s t : -nu ia 'bed iu r the : '

-  n r .es i iga t lons  on  E l -o tu ia r  c lLS:  - ' r s  by  evod i l - -S  : ; :e  ex :ec ta-

i . i  nn  n f  i i  nd- i . r  I  ev idenCe c j  e t 'o lu t i c r  t i - recr i l '  th - lo i lgh
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per i -od.  changes.  Deta i led stud. i .es on M3,  M5.etc.  d. id .  not  however

reveal a period. behavrour simj-lar to that in Omega Centauri.

Ie i ther  per iod increasing nor  decreasing could be seen as

a prevail ing tendency among the RR iyrae variables within

one cluster. The frustration of not f inding d.irect evo-

lutionary path through the instabil ity strip in the horizontel

branch resulted. in an impetus to stud.y the probabil ity

structure of period. behaviour.

Period. changes are stud.ied. by means of O-C diagrams

or phase d,iagrams. The d.evj-ations of. the actual observ'ed
nar i^A f r^n o ^ ;gs€B r : rean per iod -  that  is ,  the phase shi f ts! v 4 4 v s

of a given point on the l ight curve - &re plotted d.uring

the obserwati-onal t ime interval. Supposing l inear changes -

increase or  d.ecrease -  of  the per iod. ,  these deviat ions can

be d.escribed by a quadratic form using posi.t ive or negative

parabolas. fn the case of a constant period the phase d.iagram

becones a st re ight  l ine.

l,ooki-ng at actual O-C d.iagrams, however, we can see

that such cases occur rarely: we are generally unable to

find. pure quadratic forms, d.ifferent f luctuations are super-

posed on the d. iagransr  or  w€ even meet  sudd.en abzupt  changes.
. fn 1955 Detre stud.' j-ed. the structure of 0-C d.iagrams

built up from fluctuations. Completely ignoring "evolutien"

i .e .  the mani festat ion of  changes in s te l - lar  rad. i i - ,  he useo.

the probabil ity theory of random walk and by making some

sinpie assumptions was abl-e to conclud.e that all kind. of

ciagrdms can originaie in conseguence of rand.on f1u_ctuations

of the period. independ.ent random fluciuations niay result

in arbitrary shapes of eycles in the course of t ine, This

phenonenon is call.ed. period noise.

Several hund.reds of 0-C diagrams are nol,ir at our

dj-sposal. Anong them phase diagrans of RR Lyrae stars in

globular clusters, Ornega Cen, Ml , l '{ l  , and. 1"f,-5, provide over

2C0.  Thi -s  represents a stat ls t i -ca l ly  evaluable populat lon,

Eren so,  i . f  v ;e look at  the var iety  of  the d i f ferent  O-C
d i q r . * r q  i t ' i q  n a n q n i n r r ^ r r .  i h q *  t h e i r  q l r e n c o  q r e  n n t  n r r i f c
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arbitrary. Certain tlnpes of curwes often oecur and even

parabol-as and. straight lines are to be found. among then

/ F i e .  l / a , b  / ,
Thi.s fact means that the assumptions used by Detre

are not entirei-y justif ied, Thus the structure of the 0-C

diagrans can not be d.eterclined solely by the accumulati-on of

iand.on fluctuations. Parallel to these j-t would. appear that a

mechanism is at work ia the star establjshing a certain as yet

unknow forrn of cogelation between rand.om fluctuations. Let

us call ihis mechani-sm rrevgluiionn.

The quantity through which theory and observatiqn can

be ]inked together is the rate of change of the peri-od. Al

estimate of t lre rate at which periods change within a globular

cluster vras fj-rst rnade by Llartin for about 50 variables in

Or--reEa Cen.

U'
E
F
ln
r
o

U
q)

E
z

4

F i  - 1 ? A  ?
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In Fig, 2 the distributi 'on of variables in number

versus rate of  change of  the per iod has been p lot ted in  c luster

[13 for  a sele lc t ion of  about  80 RRab stars '  Abscissae are

measured. in day/lOb y""""' in Marti-n's diagram the average

value is slightly shifted' towards positive values' fb' is

tend.ency, however, carrnot be seen on an other d'istributi 'on

for the same cluster mad.e about 20 years l-ater ai Konkoiy

-obserwatory lSzeid'l Lg65/ for 112 variables - incl-uding R"

stars as wel l  /TyA.3/ ;

F ' i  o r r e  3

t h i s f i n d i n g m a y b e t h e c o n s e q u e n c e o f v a r i o u s f a c t o r s '

e.g. the najor sample in Szeid'I 's work includ'j 'ng c tirpe

var j -ables,  etc '  This  example shows,  however '  that  the s i tuat ion

is more complex than it was thought 40 years ago'

The rate of change for inCivid'ual variables can be

d.eterrained. from o-C or phase diagrams' Unfortunately the 0-C

d.iagrams derived by var:-ous. authors using o'ifferent nethod's

ior the same vari-able are not always in good agreement ' lhis

resul ts  in  a systemat ic  d-er" ia t ron ln  the rate o i  change

obt ained'.
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Let us now compare several phase d.iagrams constructed.
by different method.s for varj-ables rn M-15 at the Konkoly
Obserwatory by the author and. by Wesselink at Yale University

/Figs 4-8/. The number of the variable and the periods used.

are i-nd.icated on each d.j.agrdm. The abscissae run from 1896-19@
whereas the renge of ordinate is generally one period..

The Budapest plate materj-al on Ml, M5, I\&5 and some

other globular clusters consists of about four hund.red plates

for each cluster and covers a time span of about 30 years.

In preparing the 0-C diagraras all obserwations available on
each cluster have been taken into account from the very

begi.rrning of Sailey's observations /f895/ onwards. This means

that a tine interwal of about 80 years has bedn covered.. All

observati-ons of a particular year were collected in a i ight

curve. For each year when observations took place, the phase

of the median point of the ascend.ing branch was d.erived by

Eeans of paper tracing nethod., Ohe result is that a phase

d.i-agram has been constructed for each varlable in whj.ch the

phase shifts of the point of median brightness on the

ascending branch are plotted. against t ime.

fn Wessel ink 's  d- iagram the shi f ts  of  the mean phase

of maxinum were deterni.ned and plotted against t ime. /Mearr
erors along the ascending branch and belongi-ng to the
naxiutrm obvj-ously are different because of the different

s lope on the l ight  eurye. /  Wessel ink 's  l ight  curves are based.

o:: all observational d.ata avaifable except the unpublished
'Sudapest material. In constructing the l ight curves al-l the

obserwations have been divided into eleven groups. Although

tbj.s special grouping provides a material homogeneous wi-th

respect  to  te lescope and obserrrer ,  i t  s t i l l  in t rod.uces an

artif ici-a] smoothness into the phase d.lagrams thereby causing

f iner  deta i ls  to  be 1ost .  Ar t i f ic i -4 l ly  snoothed 0-C d. iagrams

:ey l ' ' 'e l I  leaC us nore easi ly  to  erroneous conclus lons in

,fa:icur 
of e.rolutionary theories.
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ffi

n d r-u. I

4z

-d3

0-c

*t'1

do

-d1

Figure 5

Using all observatlonal
dat-a lincluding the un-
grubliehed BudaPest mate-
r ial/  the Phase diagram
can be constructed in an
unambiuous way. Having
made a point from everY'
year when ob.servatlons
took pla.ce more detai ls
can appear on the ilia-
ctraJn.

M 1 5 / V 3 8
Budopest
f3752769

= { r _ < \

.o"a

'd1

Co
Figure 6

Although our phase dia- 0-C
gram does not sharply
contradict Wesselink's .d1
resu l t  o f  a  sL igh t ly
decreas lng  per iod ,  on
the basis of more obser- ndn
vat iona l  da ta  we have
been able to detect the
fluctuating character
oi the ptraie diagram. -dl

2430000 M 15 /V26
Wessetink
0?t 022n

M 15/V26
Budopesi
o"40226ss/\

/ 
t'r.

?420000 2/.30000
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,ff2

r091'

0F0

-091

-e2

n-a

*C2

Figure 8

Also in the case of this variable the continuous series of ob-
servations enables us to avoid anbiguity in constructlng the
phase diagram and reveals fj.ner details due to fLuctuatlons i,.n
the period



' Io su::.r,a:' i-ze, f ;r; i '-e: observat' or-ai :.a;e=i aI i s

neeCed.  in  ord.er  io  d. in in ish stat is t lca l  er :or .  ihe Fhase ' i :e-

trerc shorild. be d.er:-ved. by ihe sar.e : '--rihci. t i^-ere'cy 3r-su::::3

that the systenatic Cevia:jons or' rhe -lari.cus e"uti:ors be

ar,.oid.eo.. if this is i-or:e pose:. ': l-y we ::.ay hope ti-a: a: so"e

siage we wi1 l ,  be abie to detect  real  errc l -ut ionar i  e l ' : 'ects

:hrough oeri-oC beiiaviou:'.
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O}; THE EVOLJIIOT OF CEPT{EIDS AIONG

THE II$ES OF CONS?ANT PMIOD

L. Szabgd.os

Abstract 
I{R dlageqmg for open clueters in sMC and o.. ' Galary

suggest that the cepheids probabty evolve al.olrg the l ines of

constant period' Th'e investigation of O-C d'i-agrams of cepheid'

variables supports this hypbthesis' si!-ce ihe period of

severai cepheids returns to a value of the perlod valid.

before the abmpt period. changes. Moreover, one cepheid

/Dl eVg/ pulsates w:Ltb. the same period for at least the

four th t ine.

The defi: i i t ion of the l ines of consiant period is

a lso d. iscussed. .

Pe snl{e
Ti'ronnorn,51 l-P OtxpnTEiX CKOIUretfiIi B fu[v10 U F.ageft Ia-
AIIA l/aYuv

rafirr{Ke BO36yI-fiT MbIcJIb od oBoJIIory{Iz lie6ei,I,q B"qofib "lggatr trocTg-

,qHHCrC trepr{o.ua.

f'ccJreJloBanue 0-C rularpamtoB qe6eltr, fio.urBepfi'uaer 3ry

rrruores]r, TaH KaK fiepldoA HecRoJrbKtrx qe&eil,4 BepHoTCfi K 3Haqe-

r{i4n rreptro,Ea HoTopoe 6uno leftCrBnTeJlbi{o trepeA cnawoodpa3liorc

n3MeHeHI,Lg nepl{cAa. Soaee Tolo, D! Cyg tr}';lbcap}er c Tci{ fie

,caiiloM nep?rc4oM no r{eHb[ieft Mepe ceTtsdptr,i"t Da3. 0npeie,{eHue

JMmfi :rccToqHHof 0 nepl4oAa Talise .uncliyrl{poBaHc.

Tbe colour-n:agnitude diagrans ef open clusters

liGC 330 and. NGC 458 /see Fig'l,/ in the Small 'Magellanic

Cloud suggest a non-horizontal straig.rrt l ine path of cepheid

. e v o l u t i o n . r h e n c r o s s i n g t h p i n s t a b i l l t y s i r i p t h e f i r s i t i m e .
This non-horizontal evolutionary paih j-s elmost psrallel to

a per iod-equals-consiant  i ine / I^rp,  L95o/  '  The conposi te
' 

colour-magaltud.e d.iagram for the galactic cl-usiess snd

assoc:-ations eontaining cepheid's /see Fi'g'?/ shows that t i:e
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f i-gure 2. Colo,r-nagnitude diagran for galacti-c grorrps.of stars
containing cepheids /after Efrenov, 196g/ 
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evolut ionary path !s  c l -ose to rhe i i : :es of  ccrsta i : .  ;e=:cd

for  tbe galact ic  cepheids,  as wel l  /Ef rer :ov,  L96a/ .  lhe

theoret ica l - ly  d.etera i r :eC.  evolu i icnary path ic :  a  ce; : :e-d

variable is elso non-horizor.:ai ryhile crossar-6 rj:: '---sia3i:. iJi

sirip but ihe i ler:oci ioes :loi Teez:-!l cc-s;eli au=--g ;::e

n e n h . c i r i  s t e - s e  n i  e . . ' e  l " : : i  n r  / - { o f : - e ' s t e f  ,  - j a ;  /  .
V 9 l r l r c r *  -  u 3 5 J

3- ie :a-  I  e : -  a : -a ; :s :s  c f  t :e  ; : : 'c :  c : -a: : ; :s  c i  : -a ' - ' ' : : ' - i

celheJ-ls /szaoadcs , 
- '97; 

/ see:'s :o sl;!I- 'c: '! :-:e ".;;;c::-:e is cr'

the egpll l-t, ion of cephe-cs al-cng tl ie i ines of ccnsran; pe:ioi-.

seversl eepb.eids which clian6eJ. iliel= peri ocs r:ore ihan cace

har/6 vary figt*resting gracuai, 'rstepwi.se't 0-c l-arj-aiicns'.

tT::e atJ"gls€'l- 1'8.:Ae of the perioti cha:iged at a ce=ie:-n nondnt

a]ld. ffi 6 shofr oI' sone$&.at longer tj"ne ihe period I'stH'rngfl

to its orlginal value. in the case df 9"r efg f,ho dreJu*;;!t

of the period is so sud.den tirat the' velue of the i-nte:med:-ate

period cannot be d.ete:rgrined /see TLg,3/. /In figures show'ing

0-c d.iagrams, the open circles, f i1led. circl-es end triangles

i.er:ote visual, photograptdc and ph.otoelectric observations t

respectively./ '  If the rejurop of the pertoc is slower /e.5.

Y 532 Cyg i: l Tig.4/, the two opposite peri-cd' iunps are well

observable. In tb.e case of SZ lau there'are two intemed'iate

9J Cyg c .2441??8935.Jb45492E

{.

to .eqxm

trigure 3. O-C d.iagran of SU CYg

2€00m
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?igure 4. C-C d.iagran of '{ 532 CYe

2{AXXF a'3ulrr

?igr. ire 5.0-C d-iagram of SZ Tau
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Figure 5.0-C d.iagram of DT CYg

peri.od.s before return:i:lg to the original value of tbe peri.od.

/see Fig.5/ .  fhese stepwise per iod.  changes can best  be seen

jn DT Cyg /see Ti'g.6/. D[ Cyg has changed. its period. and'

returneil to the original period at least four tines.

The stepwlse O-C dJ.agram can be interpreted. as a

resul-t of the evolution of the cepheid' along the l ine of a

given /constant/ period.' The d'eviations from thj.s constaat 
.

period are marks of small per:Lod fluctuations.

It is notewort\y thg't three of four mentioaecl

variables /nt Cyg, V 532 cyC 
Td 

SZ Tau/ are small anplitude

cepheid.s, but su cyg is a classi-cal cepheid. with large amplitud.e.

As to their light curves and. the tables of 0-c resj-cluals see the

above mentioned- paper /Szabados , L977/.

Append.ix, The lines of constant period

The most generally used' foru of the period.-lurrinosity

re lat ion is  as fo l lowst

M , ,  =  - 3 . 4 2 5 . : l , e P  +  2 . 5 2 .  ( < f > o  - < V >  
o l  

-  Z . 3 S

nrhere <B>o and(v>'o denote the red.d.ening-corrected mean B

and v magnitudes, P the period, M.l. the absolute nagr:itude in v.

Thj.s forrcula is derived. by Sandage and Tammann /1969/ on the

basis of  c luster-member cepheids.  Equat ion / t /  : .s  usual ly  u-<ed
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to Aeiine the l j.nes of consteJrt period.. if P=constant in /l/,

the corurect ion bet i ' ie""  \  and (Blo -< ' />o is  l inear .  Bui

i ir is }lne is not 't dentical with the l ine of constant period. in

the colour-magnitud.e d.iagram because the quantity(3)o -<T>o

i r  nn t  en r :n ' i  t n  i he<B-V>  co fou r  i nc iex .  K ra f t  / j - n  A rp ,  L96O/' - o  - - - - - - -  -

pointed. out thj-s dj-fference: aceording tc him

A < 8 .  V >
I  - -  o.4s + 0.12

lr="o',.r*uot .

/2 /
[ 3 t t  I

In orler io give e more exact value for the slcpe of

l ines of consiant period. a new d.eterri ination of thi.s quantity.

r,as execuied. in ihe following way. Schaltenbrand. and' Tammar'-n

/197T/ give rnaqy parameters of f.igbt curves of individual

cepheld.s,  inc luding the values of  (3-V) '<B> and (V) .  For

a given star the exlsience of the following e4ration is obvious:

<3-?> {<B> - <V>) = 43-V>o {atto -avto) /3/

as ib:is difference cLoes not d.epend. on red.clening. Yaki-move,

li ikolov and lvanov /f975/ publ-ished. the red.dening freq (3-Vlo

colour indices of gaiactic cepheids. From these twc latter

z'eferenoes the comlron cepheiCs were selectedr and the data were

plot ted.  in  the((B-v>o) {<B-v>Jce>-<V>) l  p lane /see TLg.1/ ,

. The resulti:rg plot can be approximated. by a straight l ine'

Usi::g Eq:ration /3/ tne equation of this straight l ine is as

fo l lows:

<3>o -<v>o =  o 'E3 ' (B-v lo  +  0 '087

l lrerr elj.rr-i-nating the tere <3>o -(V)o from /L/ the new fomc

of rhe period.-Iun:lnosiiy relation is as follows:

di,  = -3.425.1gP + 2.Q94-v>o - 2.11

/4 /

/5 /
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In the case of P=constant
' A c s - v >  

Io  |  = 0 . 4 8 + 0 . 0 3  / 6 /
A c v z  I  

-
o I P=constant

This latter value is in excell-ent agreeBeat with Kraft 's data.
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