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PHOTOGMPHIC PHOTOYETRY OF NGC i;866i)

B.  Hida1at and I . I ,  sr tantyo**)

R I N G K A S A N

Magnitudo dan uatma dalatn sistin UBV-photonetri
untuk 575 buah bintang dise,k i tar  NCC 6866 te lah dL-
ukur setjaxa photographi-photonetri. Encess t)arna,
jang diturunkan dari dLagran uarrLa-darna, telah di-
tentukan sebesar 0,L6 nagni tudo.

Djarak gugus bintdng tersebut d iperk i rakan 1336
pc, Dari kurua eL,olusl diketahui bahaa umur gugus
te r sebu t  2 .5  r  10 "  t ahun .

A B S T R A C T

Magni tudes and eolors in the UBV photonetr ie
sAstem haue been determined for  57 5 stars in and a-
round NCC 6866. The color-color  re lat ion of  the
cLuster  stars prouides an est inate of  interste l lar
reddening of  a,16 nag.

The distance of  e luster  is  found to be 1336 pc.
The age, as detemined from the euolutionotg de,tia-
t ion cuz'ue,  is  approt inately 2.5 r  10" years.

INTRODUCTION

The  c l us te r  NGC 6866  1s  s l t ua ted  a r  R .A ,  ( f 950 )  =  ZOh  02T6 ;  t ec .
( 1950 )  -  +  44o02 '  ( L  =  79 i4 ;  b  =  +6 :8 ) .  Acco rd i ng  ro  Rup rech r  ( 1966 )
the c lusEer belongs to the Trumpler c lass I I2m. lnspect lon of  Lyndsl
Catalogue of  Dark Nebulae (1962) shows that  the c luster  is  s l tuated ac
the  edge  o f  a  da rk  c l oud .  Pho tome t r i c  da ta  f o r  25  s ta r s  by  Hoag  e t
a1.  (195f)  ln the c luster  area shows that  che color-magnl tude dlagraro
of  the c lusler  reseobleg that  of  the lntermediate-age c luster .

The purpose of  the presen! study is  to determine the angular  ex-
tent  of  the c luster  and to f lnd any nonunl formity of  the reddening a-
cross the c luster  area.  The lnvest lgat lon is  based on the photof i raph-
1c phoEoDetry of  575 stars down to a l iml t lng B-nagni tude of  16T5, in

* \' Con t r i bu t l on  f r o rn  t he  Bosscha  Obse rva to r y ,  No ,  44 ,  I 972 .
, t rk)'Bosscha 0bservatory,  Lembang, Java,  Indonesia.
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an area of  15t  f rom the adopted center  of  the c luster .  Thle area 1s
consldered large enough to lnclude the posslble intrualon of che dark
cloud.  In Ehe present study only stars whlch are weLl  separated were
measured photographlcal ly .

PHOTOGRAPHIC PHOTOUETRY

The photonetric Daterlal ln the UBV systeE nere collected wlth
the Hanburg Schrnidt Telescope. Table I gives the relevant data of the
photonetr lc  p lates.  The phoEometr lc  neasuremencs saa carr led out  wl th
Che Eichner astroDhotoEeCer of  the Bosscha Observatorv.  I t  nas t led

TABLE I

The Photometrlc Platee

Da te

O c E .  9 ,  t 6 7

o c t .  9 ,  t 6 7

O c t .  9 ,  t 6 7

Ju l y  28 ,  r 68

Ju l y  28 ,  r 68

Ju l y  28 ,  t 68

Ju l y  23 ,  f 68

Ju l y  23 ,  t 68

Ju l y  23 ,  r 68

PIate
N o .

3858
3865
3866

4023
4024
4025

4010
4011
40t2

Color
Kodak Enulsion and

F i l te r

103a-0 + UG I
t l

t l

I Ia-O + CG 13
l l

t l

103a-D r  GG 11
, l

t l

ExP .
ln Mlnuce

15
30
l5

I9
20
zo

IO
l0

Observer

Hldaj  at

Lubeck

t l

t l

l l

t l

U
U
U

B
B
B

ln fo the UBv-photooetr lc  system by means of  photoelectr lc  standards
esrabl ished by Hoag et  a1-.  (1951),  the fa lntest  of  whlch reaches U =

fOTS; n = 16T4 ana V = 15T9. Extrapolat lon of  the cal lbrat lon curves,

no Dore than 0T3 ln each of  the colors was just i f ied because of  the
l lnear i ty  of  the cal ibrat ion curves ln the nagnl tude- lntervals em-
ployed ln the presenE study.  The oeasurernents of  the scandard devla-
Elons of  the sequence stars f rom the cal ibracion curves for  a certa ln
plare is  used as a neasure of  the welght  of  the nagni tudes deiermlned
fron th ls parEicular  p late.  Using these r te lghts the mean rnagnl tudes
and colors of  the program sEars are calculated,  A conpar lson between
the mean photographic and phocoelectr lc  data of  the sequence stars wa6t
used as an est imate of  che accuracy.  The standard error  f rou the nean

of v,  B-V and u-B obcalned ln th ls way are OTOO, OTog and 0TO8 respec-

t lvely.  I t  was observed that  there is  no appreciable systenat lc  d i f -
ferences bethteen the f l reasurenents carr ied ouE by each of  us.  The re-
sul ts of  the photonetr ic  determinat lons are presented 1n the Appendlx.
Ttre numbers corresDond to the ntrnber ln Plate 1.

STELLAR COUNTS

In order to determine Ehe extent  of  the c luster  a ste l lar-count
as a funct.ion of the radj-us was perforned. The area where che counEs
were made is 15'  f rom Ehe c lusterrs ceoEer.  The c luster  area was di -
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v ided into 4 quadrants,  def ined more or  less by the north-south and
easE- r res t  d i r ec t l ons .  Concen t r i c  c l r c l es ,  whose  rad i i  d i f f e r  by  3 t  o f
a r c ,  L ' e re  d raun  upon  t he  c l us te r  a rea .  A11  s ta r s  down  t o  8=16 ,00
ne re  t hen  counced .  The  s ta r s  pe r  un i t  a rea ,  wh i ch  i s  che  a rea  o f  t he
innermosf c i rc le,  are plot ted as a funcEion of  the angular  d istance
from the c luster .  The resul t  is  shown in Flg,  J-

The error  of  the counts is  proport ional  to the /n,  where n 1s the
number of  sEars 1n the part icular  r ing in each quadrant .  The mean of
the counts for  each r lng can Ehen be made, taklng into account the er-
rors of  the counts.  Sol ld l lnes are drawn Ehrough the means.  I t  can
be seen in Flg.  1 that  the curve seems to level  of f  at  the end of  r ing
3,  the radius of  whlch ls  9t .  The f igure also reveals that  Quadrant
IV conslstent ly  contal -ns larger nr . rmber of  stars than that  found in
other quadrants.  Thls t rend ls  a lso observed in ghe ste l lar  counts
for  sta is br ighter  lhan v lsual  magni tude oJ f5T8. The "excess" of
stars ln Quadrant  IV rnay be accounted for  the possib le existence of
unequal  absorp! ion anong the quadrant .  This v iew may be supported by
the resulE of  the exanlnat lon of  the Palomar Sky Aclas.  On the red
p la te ,  o f  t he  gene ra l  d l r ec t i on  o f  che  c l us te r ,  t he re  appea rs  a  l r ace
of  absorblng c loud cover lng part  of  Quadrant  I I I .

INTERSTELT.A,R REDDENING AND DISTANCE

Sepa ra te  co lo r - co l o r  d l ag ra rns  f o r  sEa rs  i n  d i f f e ren t  quad ranEs
sugSes t  t haE  quad ran t  I I I  shows  s l i gh t l y  h i ghe r  r edden lng  t han  t ha t
can  be  obse rved  l n  o the r  quad ran t s .  Howeve r ,  i n  v i ew  o f  t he  accu racy
o f  t he  p resen t  pho tome t r y ,  no  a t cemp t  has  been  made  t o  ne r f o rn  a  cpn r -
r a te  l nves t . l gac l ons  f o r  eacn  quad ran t .

l n  t he  f o l l o t r l ng ,  on l y  sEa rs  w i t h i n  9  I  f r om  the  adop ted  cen te r  o f
t he  c l us fe r  w l l l  be  d i scussed .  The  co lo r - coLo r  d i ag ran  f o r  t hese
s ta r s  1s  p resenEed  i n  F l g .  2 .  l !  i s  poss ib l e  t hen  t o  f i r  t he  two -co l -
o r  d l ag ram o f  t he  un reCdened  ma ln  sequence  s ta r s  ( shown  as  so l i d  l i ne )
as  g i ven  by  Johnson  and  I r l a r t e  ( 1958 )  t o  t he  obse rved  co lo r - co l o r
p l o t  o f  t he  c l usEe r .  I f  r he  redden lng  l i ne  i s  t aken  as  0 .12  j . L  can  be
found  t ha t  t he  co lo r  excess  E  __  i s  0T16 .

B -V
I t  i s  no ted  t ha t  t he re  i s  a  g roup  o f  s t a r s  ( 14  i n  numbers )  whose

co lo r s  a re  cen te red  a round  U -B  =  -  0 ' 12  and  B -V  =  +  0T90 .  l hese  s ra r s
m a y  n o t  b e  c l u s E e r r s  m e m b e r s .  l f  t h e y  w e r e  c l u s t e r t s  m e m b e r s  t h e y
mus t  have  come  f r om Che  uppe r  pa rE  o f  t he  na in  sequence .  t h i s  wou ld
glve too large a reddenlng (OTO) for  the c luster ,  whlch \ , roul-d contra-
d l c t  t he  redden lng  l aw  f ound  f o r  t he  gene ra l  d i r ec t i on  o f  t he  c l us te r .
As  has  been  f ound  ea r l i e r  F l t zge ra l d  ( 1968 ) ,  Weh lnge r  and  H ida ja t
( 1972 ) ,  and  L l ndo f f  ( 1972 ) ,  t he  redden lng  i n  t he  d i r ec t i on  i n  t h i s
pa r t i cu l a r  ga lac t l c  l ong l t ude  shou ld  no t  exceed  0T20 .  L i ndo f f f s  s t udy
sas  based  on  t he  c l us te r  NCC 6811 .  The  g roup  o f  s t a r s  , nen t i oned  he re
may  f o rm  a  g roup  o f  ea r l y - t ype  s ta r s .  Tak ing  t he  ra l i o  o f  t he  t o ta l
t o  se l ec t i ve  abso rp t i on  equa l  t o  3 .0 *  we  can  t hen  f i nd  t he  t o ta l  a1 , *
so rp t i on  i n  f r on t  o f  t he  c l us :e r  i s  0 ' 148 .

F ig .  3  shows  t he  co lo r - r nagn i t ude  d i ag ran  o f  t he  c l us te r .  I n  t h i s
d i ag ram the  ma in  sequence  o f  t he  c l us l e r  can  be  i den t l f i ed .  The
sp read  o f  t he  po in t s  l n  t h i s  d l ag ram i s  r a the r  l a rge  wh i ch  may  be  c l ue
to  t he  uneveness  o f  t he  abso rp t i on  ac ross  t he  c l us te r  a rea ,  The  d i s -
t ance  nodu lus  o f  t he  c l us te r  can  be  de te rm ined  by  f i t F i ng  t . he  ze ro -age
rna in  sequence  g i ven  by  B laauw  ( f 963 )  t o  t he  cLusEe r r s  ma in  sequence .
Th i s  me thod  y i e l ds  an  unco r rec ted .  d i s t ance  rnodu lus  o f  V - \  =  f f T10 .
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Using the absorpt ion found above, the t rue distance nodulus ls  found

to be 10T62, correspondlng to a d istance of  13j0 pc.

Fol lowing Johnson (1960) we computed the corrected disLance modu-
lus of  stars in the c luster .  The average reddening,  rarher than red-
denlng for  indiv idual  sEars,  has been used to obtain the t rue dlstance
modulus and corrected apparent  magni tude.  The intr ins ic colors \ave
been obtained by subtract lng the reddening f rom the observed colors.
These colors were then used to determine the absolute rnagnl tudes by
neans of  che color-nagni tude re lat ion cal ibrated by Blaauw (1963).
Uslng the correcEed distance modulus and the corrected apparent  magni-
Eude the evolut lonary deviat lon cr i rve can be conestructed.  Flg,  4
shows Ehe evoluEionary devlaEion curve.  Then, the evolved main se-
quence curve was f i t ted Eo both in modulus and in magnl tude,  as sho$n
wlth sol id l ine in Fig.  4.  Fron the fa inter ,  s t i l l  unevolved sEars a

dlstance modulus of  10T64 was ot , ta ined.  the value corresponds to a
distance of  1343 pc.  Averaging the lwo est imates of  d istance we f lnd
the  nean  d j . s t ance  o f  t he  c l us te r  i s  1336  pc .  Becke r  ( 1963 )  and  Johnson
e t  a l .  ( 1961 ) ,  r espec t l ve l y  f ound  1205  pc .  and  1200  pc .  f o r  t he  d i s -
t ance  o f  t he  c l us te r .

The turn-of f  point  of  the c luster  provlde the est imate of  the
age .  Compar i ng  h r i t h  L i ndo f f  ( 1968 )  cne  age  o f  t he  c l us te r  l s  es t l -

ma ted  t o  be  abou t  2 .5  x  l 0o  yea rs .
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APPIi . iD I \

Quadrant  I

Ring 1

B - V

0 .  3 9
o , 7 7
0 . 3 4
0 . 5 5
0 . 5 5
t . 7 6
0 . 9 3
0 . 8 5
0 ,  1 3
2 . O 9
o . 7 4
0 . 5 0
0 . 3 1
o  . 7 6

r . 4 5
1 . 5 0
0 . 8 6
r . 4 2
0  . 5 1
0 . 5 8
0 . 4 5
0 . 5 9
0 . 3 3
1 . 2 )
0 .  3 8
0  . 6 9
( ) . 8 2

-  0 . 0 1
0 . 5 7
0 . 4 8
|  .  ) )
I  .O t i
( ) . 1 5

2  . 0 0
I  . 0 2
I  . 5 2
l . l 3

0 . 9 r
0 . 9 0
0 . 9 8
r . 7 4
t ) . t 7
0  . 6 1
0 . 6 8
n  4 0

0 . 9 8
I  q q

0 . 4 8

U - B

o . 2 L
0 . 5 3
0 . 2 4
0 . l l
o . 2 r
0 . 5 7
0 . 5 5
0 . 7 2
0 .  3 5

0 . 3 4
0 .  1 8
0  . 2 7

-  0 . 0 2

0 . 7 2
1 . 0 9
o . 3 4
0 . 4 r
0 .  r 2
0 ,  1 6
0 . 2 0
0 .  1 5
0 .  3 5
o  . 6 2
| , 2 6

-  0 . 0 2
0 . 4 q

-  0 . 2 5
0 . 1 8
0 .  1 5

-  0 . 0 4
-  0 . 1 r

0 . 4 5

r . z o
r . 5 4
r  . 4 3

0 . 2 9
0 . 1 8
o  . 2 3
1 . 8 6

-  0 . 1 6
0 . 0 8

-  0 . 1 6
o . o 7
0  . 5 7

0  . 1 0

I'IAGNITUDES AND COLOURS OF STARS IN NGC 6866

R i r r g  2

I l  ing  J

l t . 9 L
l t . 8 J

N o .

1 .
2 .
?

4 .

6 .
1 .
8 .

1 0 .
L I .
1 2 .
I  J .
l , i .

t .
t .
i .

b .

1 ( ) .

V

1 3 . 3 8
1 4 . 6 8
1 1 . 7 6
1 4 . 3 3
t3 .66
L 4 . 6 7
1 4 . 5 8
1 3 . 9 4
1 2 , 1 5
r 1 . 8 6
1 4 . 8 2
1 2 . 9 3
1 2 . 1 5
t 4 . 1 9

1 4 . 9 0
I  ) . i 6
t 4 . ) 4
I  5 . 0 0
1 t . 7 6
l q . ( ) 2

I l . 4 t
I  1 . 7  ]
l l . t l
1 ) . l J i
I t . \ l
t 5 . t 7
I  i .  r 7
I  I  . l l
I  r  .  { )  I

l .

2 .
J .
f .

) .
5 .
t .
8 .
9 .

1 0 .
1 1 .

J .  / t )

r . l L

r . l t i

J . l o

J . 5 ' )

L Jii

I J , E 0
t 4 . 6 )
I  i .  : 8
I t . l l
1 3  . 5 1
l l . , 1 l
1 1 . 1 8
1 3 . 4  3
1 3 . 0 8
I  1  ' O

r 3 . 4 8
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quadrant II

Ring I

R i n g  2

N o .

t 2 .
1 3 .
L4 .
1 5 .
76 .
t 7 .
1 8 .
1 9 .
20 .
2L.
, , 7

2 3 .

N o .

.l

2 .
3 .
q ,

7 .
8 .
9 .

1 0 .
I I .
1 2 .

t .
2 .
l .
4 .
5 .

7 .
c

a

1 0 .
l t

1 2 .
I J .

L 4 .
1 5 .
l - b .

1 7 .
1 8 .
1.9 .
2 0 .
2 I ,
7 )

2 3 .
2 4 .

V

1 4 . 1 8
1 5 . 0 3
L4.92
T3.71
. L )  -  Z J

1 3 . 8 9
13.  35
. L 4 .  b J

12,77
l-3.74
1 5 . 1 6
1-2.64

1 3 . 9 3
r -5  .07
t2 .48
l 4 . o /

1 2 . 3 8
L2.99
r 3 . 5 8
L I . f 2
r 3 . 2 1
12.24
l 4  .  , 1 9
L 3  . 5 7

l 5  . 0 4
1 3  . 2 5
I 1 . 9 0
1 4 . 4 1
r 5 . 5 9
1 3 . 0 7
L 2 . L 9
1 4  , 1 2
1 3  . 4 2
r .5  .48
1 3 .  l 4
L3 .29
1 3 . 0 0
1 3 . 2 0
1 5 . 8 3
1 3 .  0 9
12. ) l
L4 .25
1 1 . 4 1
1 2  . 0 4
L4.75
12.09
1 3 .  8 9
1 3 . 9 6

B - V

0 . 7 6
0  , 9 5
0 . 8 9
U . q J

0 . 9 7
1  . 0 5
0 . 6 r
0 . 6 0
0 , 2 8
o . 4 9
0 . 0 4
0 . 6 4

B - V

o . 2 4
0 . 2 8
o . 4 6
U . ) I

0 . 3 7
0 . 4 3
n  ? 1

0 . 2 8
0 .  3 4
0 . 5 5
o . 2 4
0 . 3 1

0 . 5 0
0 . 5 7
0 . 0 8
0 . 3 7
0 . 4 5
0 . 6 5
1 . 1 0
0 . 3 8
1 . 1 8
0 . 3 4
1 . 0 3
0 . 3 0
o . 3 7
0 . 3 1
0 . 7 3
1  . 0 6
0 . 3 3
0 . 2 3
o . 2 2
0 . 3 6
0 . 4 5
0 . 8 5
0 . 2 2
1 . 1 4

0  . 3 5
-  0 . 3 0
-  n  1 1

0 . 1 3
-  0 . 2 8

0 . 6 8
0 . 1 4
0 . 2 0
0 . 1 1
0  . 0 5
o_10

U - B

0 . 3 7
0 . 3 0
0  . 6 0
o . 2 6
0 . 1 0
0 . 5 2
0 . 5 2
0 . 1 0
0 . 1 6
0 . 3 0
o . 4 2
0 . 2 0

0 . 1 0
-  0 . 0 2

1  1 1

0 . 4 3
-  0 . 1 2

0 . 1 4
1 . 0 0
0  . 1 6
1 . 2 6
0 . 0 5
1 . 1 1
0 . 2 0
0  . 4 5
0 .  2 1

-  0 . 1 8
1 . 0 5
0 . 0 4
0 . 6 0
0 . 3 1
0 . 2 r
0 . 8 0
1 . 0 8
0 .  3 4
r .  39
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Ring 3

Q u a d r a n t  l I l

R i n g  I

R i n g  2

N o .

I .

J .

4 .
(
6 .

8 .
o

1 0 .
1 1 .
1 1

1 3 .

1 5 .
1 6 .
1 7 .
1 8 .
t q

2 0 .

)')
t a

? <

2 6 .

N o .

l .

2 .
3 .
q .

5 .
6 .
7 .
8 .
9 .

1 0 .
r 1 .
1 )

1 3 .

l .

2 .
1

4 ,

6 ,
1

8 .
o

1 0 .
I t .

I '

14.78
1 3 . 2 8
l^4.97
15 .05
15 .34
13 .40
13 .69
L3.47
1 5 . 6 8
1 5 . 2 8
15 .60

L4.66
L5.34
14.70
1 5 . 2 0
14.65
t4 .44
1 3 . 8 6
15 .00
L 5 . 8 7
1 4 . 3 3
1 4 . 5 0
1 3 . 7 8
r 4 . 8 8
1 1 . 2 8

B - V

0 . 5 2
0 . 3 6
0.  39
1 . 1 9
0  . 4 1
0 . 3 0
0  . 3 9
1 . 1 6
0  . 5 1
0 . 7 6
0 . 7 7
0  . 5 8
0 . 7 4
0 . 7 6
0 . 2 8
1 . 1 5
0 . 5 0
o . 4 7
0 . s 0
L . 0 2
0 . 4 5
0 . 4 3
0 . 2 6
0 . 3 9
0 . 2 9
0 . 2 4

B - V

0 . 3 6
0 , 4 2
o . 2 7
0 . 3 6
0 . 4 9
0 . 4 5
o . 4 1
o . 3 2
0 . 4 6
1 . 8 6
o . 4 4
0  . 4 9
1 . 0 0

o . 2 l
0 . 8 4
o . 2 4
0 . 8 3
o . 7 7
0  . 5 1
1 . 2 0
L . .+ t

0 .  9 8
0 . 5 5
0 . 8 7

1 0  . 5 3
1 3 . 4 0
r 4  . 2 2
1 2  . 5 L
L 2  . 4 1
1 5 . 2 0
r 3 . 8 5
t 2  . 6 4
1 1  t 1

r . I  .09
1  1  q O

1 4 . 5 5
1 1 . 6 9

1 4 . 4 0
1 5 . 0 9
1 3 . 2 8
l ) . ) /

L5.49
I J . Y J

t 4  . 19
L2.98

1s  .36
1 5 . 3 0

U : B

0 . 3 4
0 . 1 7
4 . 2 2

-  0 . 1 4
0  . 6 3
0 . 4 5
0 . 0 3
0 , 9 4
0 . 0 2
0 . 2 7
0 . 1 8
0 . 3 8
4 . 2 6
0 . 2 0
0 . 2 2
o . 4 2
0 . 3 5
0 . 2 9
0 . 1 1
0  . 4 1
0 . 1 4
0  . 5 7
0 . 3 8
0 . 3 2
o . 4 7
0 . 2 7

U - B

0 . 5 5
o . 2 5
o . 6 4
0  . 3 0
0 .  1 5
1  . 1 0
o . 2 5
0 .  r 6
0  . 0 6
2 . 5 6
0 . 1 0
n < o

0  . 5 3

0 . 3 5
1 . 1 2
0 . 2 0
0 . 6 2

-  0 . 1 1
0 . 2 3
t  , ,

2 . L 4
-  0 . 3 8
-  0 . 1 1
-  0 . 1 8



l 0 r

N o .

L 2 .
1 3 .

1 2 . 9 8
r 2 . 9 6

L 5 . 2 4
J . 5 . 4 9
t 4  . 2 2
1 5  , 6 4
1 5 . L 4
L 4 . 2 2
1 5 . 3 2
I  q  1 q

1 4 . 8 4
1 5 . 5 6
r 4 . 9 0
L 4 . 9 5
L 5 . 3 2
L 5  . 2 8
12 .96
r4  . 00
l 4 . 1 6
1 4 . 3 8
14  .  4 . 1
1 5 . 4 2
1 4 . 6 8
1 5 .  J 6
l J . 6 l
1 2 .  ) 6
I  5 . { ) 4
1 i . 5 2

I  1 . 8 2
1 , 1  . l u
I  ) , 5 i l
I  ] .  r 9
l i . l , )
I  I  . 8 2
l 5 . 0 l l
t 2 . 6 f j
I  2 .  ] r i
I 1 . 2 8
I  l . 2 6
I  l . 0 4
1 4 . t  )

B - V

r . 4 z
0 . 5 4

0  . 5 9
0 . 6 7
o . 9 4
0 . 9 0
0 . 6 8
0 . 6 9
0  . 4 4
0  . 5 5
1  . 3 0
0 . 8 1
0 .  3 1
o . 4 2
o . 4 6
1  . 5 0
r . 4 7
0  . 3 1
0  . 3 9
0  . 3 4
0 . 7 3
0 . 6 2
0 . 2 0
0  . 6 5
0 . 6 1
0  . 5 0
0 . 5 1
0 . 7 2
0 . 8 1
r  . 5 6
0 . 1 4
o  . 1 4
0 . 4 6

-  0 . 0 1
r  . 0 6
0 . 6 9
r . 6 1
0 . 7 3
0 . 9 5
n  t o

0  . 6 0
l . 1 2

U - B

l . I 7
0 . 0 5

-  n  t l

-  0 . 0 9
0  . 9 0

-  0 . r 7
0  . 1 2
0 . 7 1
0 . 0 9

-  0 . 0 4
1 . 0 7

-  0 . 2 2
-  0 . 0 6

0 . 2 3
0  . 0 6
0  . 2 1
1 . 8 4

-  0 . 0 4
o . 2 5
o  . 4 0
1 . 8 6
0  . 0 1
0 .  r 0
0 . l l
0 . 2 8
0  . 0 0
0  . 0 8
0 . 8 r
o . 2 6
1  0 a

0  . 9 5
-  0 . 2 7
-  0 . 0 2

0  . 1 5
r  . 0 1
0 . 1 r
2 . 4 3
0 , 1 3
0  . 9 7
0 . 1 7
0 . 1 3
l . 1 4

Ring 3

qrr-dE4-ry

R l n g  I

, t .
) , .

],1 .
J ) .
j l ) .

) 1  .
t 8 .
J 9 .
4 0 .

l .' ) .
3 .
4 .
5 .
6 .
7 .
8 .
9 .

L 4 . 2 5
t 2 . o l
1 5 . 4 0
1 4  . 0 4
L 4  . 3 3
I 5  . 1 8
1 4 . 2 0
r 2 . 8 r
L 2 . 8 2

8 - V

0  . 6 5
0 . 4 1
1 . 1 4
0 . 6 1
0 . 6 2
0  . 9 8
r . 7 0
0 . 2 8
0  . 0 8

u - t s

0  . 0 9
0 . 0 3
0 . 1 2
o . 2 6
0  . 9 5

-  o . 3 2

0 . 0 7
0 . 2 :



1 0 2

Ring 2

u - t s

-  o . L 2
0 . l z
L . T Z
2 . 5 r
0  . 0 0
0 . 0 4
1 . 1 7
0  . 0 0
0 . 7 7
0 . 6 9
0 . 1 8
0 . 0 2

-  0 . 0 3
0 . 2 0
0 . 0 7
0 . 3 1
0 . 7 1
0 . 3 9
0 . 8 8
0 . 1 6
0  . 1 1
0  . 5 0

-  0 . 0 4
o . 3 2
0 . t - 5
0 . 1 7
0  . 2 1
0 . 2 4
0 . 5 0

-  0 . 0 2
0  . 2 1

0 . 0 4
-  0 . 1 9

1  . 6 0
0  . 1 5

-  0 . 0 7
1  1 1

0  . 2 0
2 . L 2
o . 2 3
0  . 6 8
0 . 0 2
o . 2 7
0 , 3 2
0  . 1 4
0 . 1 9
0 . 1 5
0  . 3 4
0 . L 6

0 . 0 7
0 . 5 0
0 . 1 5

-  0 . 0 3
0 . 3 3

-  0 . L 2

1 4 . 6 7
13 .56
1 4  . 8 5
r2 .67
1 4 , 7 6
1 5  . 1 0
1 3 . 4 8
1 3 . 8 3
) . 3 . 3 2
1 5 . 2 9
t 3 . 7 6
t4 .86
1 3 . 5 5
13 .99
1 4 . 6 8
1 3 . 9 7
t 5 . 2 4
1 5  . 0 5
r 5 . 0 3
1 3 . 5 5
r 4 . 0 4
1 4 . 5 4
1 2 . 8 3
1 4 . 1 1
t 3 . 1 2
t 4 . t 7
r 4 . 8 7
1 4 . 5 5
l l . 9 r
I 4  . 6  )
t 4 . t 2

1 5 . I 2
1 5 . 2 4
l l . 5 l
t 4 . 0 1
t 5 . 0 9
t 2  . 5 4
t 4 . 8 4
1 3 . 6 r
I , 1  . 2 8
r 3 , 4 6
1 5 . 2 5
t 1 . 9 4
1 5 . 5 8
1 2 . 9 8
1 3 . 9 5
1 2  . 6 1
1 4 . 9 9
1 4 . 4 r
1 4 , 1 0
1 5 . 4 4

L 6  . 2 I
t 5 . j 4
1 5 . 5 7

T ) . I I

1 5  . 0 0

B - V

o . 6 4
o . 4 5
L . 2 7
r . 6 2
0  . 5 9
o . 9 7
0 . 8 7
0  . 4 0
o . 7 l
0  . 6 9
0 . 7 8
0 . 6 3
0 . 3 5
o . 4 3
0 . 5 7
0  . 2 0
o . 7 9
o . 7 9
0 . 7 5
0 . 3 6
0  . 6 5
0  . 1 7
o . 4 7
0 . 6 0
o . 2 5
0 . 4 5
0 . 8 7
0 . 8 2
0 . 7 2
0  . 5 5
o , 2 5

0 . 8 9
0 . 8 3
1 . 5 8
o . 4 6
I  . 0 4
1 . 1 0
0 . 8 2
|  . 4 1
0 . 4 1
0  . 6 3
0 . 6 3
0  . 2 4

-  0 . 4 2
0  . 3 4

0 . 1 9
o . 6 2
0 . 7 L
1  . 0 6
I . 0 0
0 . 2 0
0  . 4 7
0 . 6 2
1  . 0 6
0  . 4 8

K i n l l  J

N o .

1 .
2 .
3 .
4 .

6 .
7 .
a

q

1 0 .
L I .
1 t

1 3 .
1 4 .

1 6 .
1 7 ,
1 8 .
1 A

2 0 ,
'21 .
2 2 .
2 ) .
2 4 .

' )k

2 1  .
) a
'29 

.
1 0 .
I l .

t .
' 2 .

J .
4 .
5 .
( r .

L
8 .
9 .

I 0 .
l I .
1 2 .
l  i .
r 4 .
1 5 .
1 6 .
r l  .
1 8 .
1 9 .
2 0 .
Z L .
2 2 .
') '\
2 4 ,
) \



v

1 2 . 4 8
L4.34
L3.23
14.7 I
72.63
15 .40
1 4 . 5 0
1 5  . 8 2

B - V

o . 2 9
0 . 3 5
0 . 4 8
0 . 7 2
0  . 5 0
0 . 9 4
0 . 7 7
0 . 6 0

103
U - B

0 . 3 8
0 . 2 4
0 . 1 5
0 . 1 0
0 . 0 1
o . 5 7
o_1t

+ h
(Receiued 29"'" May 1972)


