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T Abstract

>

A UBV Study of the Flelds Surroundlng

RN S S YU U AU O U OOV

T.A. Danks July 1987

In continuatjon of a search fpr 1ong perlod [P>104]

.

'Cephelds embedded in aCSOCJatlons (van den Bergh et a1

1982,'1983, 1984) U, B and v plateq centered on the 13. 2d

l_éepheia'GT Carlnae, and Jncludlng the Cephemd U Cdrinae and
'_the open clnster Trumpler 17, were measured on a.Cuffey.
_Irts Aqtrnphotometer Colour- ma%nltude (CMS and colour-'
__colour (CC) dlagrams for mewsured stars were exam1ned oh
"‘the b351s that any assoc1atlon of young stars to whlch GT
'-Car be]ongq would be apparent as a well deflned ma1n~ocquencm

fJD the CM p]ane and as a dlstlnct group of OB stars sharnng

o

common reddenlngs in the cC dxagram A var)able extlnet1on

analysis of the ‘GT Car fleld 1nd1cates that the Cephe\d is

"more dlﬂtant than the detected OB stars assoc1ated with

P

~the-Carina‘OB1 nebula complex. Detection of any- OB.Sﬁar$

at_the:djstance of GT Car would require a search to a

much fainter limitihg magnitude than could_be reached

in this ‘study’

-
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The field of the opeﬁiclustervTrdmpler 17 was alisq

measured and analysed in a similar hshion using the same’

plates. Its distance of 2. O + 0.4 kpc places ‘it in the

Ialoground wJLh respect to the car OBI compley and its age

of 50(¢1l)x10 .ycars makes it older than the OB stars

il . ‘v

bo]ongjng_to this association. .. , »

An ana]y@1c of the reddenjngs " distance moduli and

Z .

adnal ve)oc1t1es foxr southerp OB qtars in, the f1q}d of

,thp 38. 8d Cepheld U Car)nae indicates that 4 early B stars

1y1ng w1th1n about. 9? pc pronected dlgtdnce of U Car are

‘quite llkely to be phy51ca11y RSQOCIated w1th thc Cophcld

The derlved dlstance of 1. 8 kpe for these stars places

then foreground to both Car OBl and Trumpler 17. Thelf

- B B . )
inferred age of ~18x10 years argues that they are

uhre]ated.to Trumpler 17
Fleld reddenlng charts for tho fleldq of U ‘car and

Trump]er 1} are preoented l The, derJved space reddcnlng

i of E(B V)y=0.30 io 03 for U car conflrme the recently

'gpublished'photometrlc reddenlng for this varlable., The

field reddening of Trumpler 17 reveals its core region
to bé relatively free of dust, as has been found by

pther authors fqr various other:young clusters.

&

v



Figure
Figure

Figure

Figure

Figure

Figure
Figure
.V.I?igi)re

Figure

Figure

Figure

Figure

Figure
Figure

Figure

Figure

Figure

Figure

16

List of Figures

-

Finder Chart.for'GT'Carinae'field

Finder Chért for u Carjnae Tleld

Finder - Chart for the Field of

'Trumpler 17 e e e e e e e

3a

10

11

12

Field Position Locations .

Plate CF2108 Calibration using

unadjusted photoelectric’ B standards
. .

Plate CF2615 Calibration Plot .

Plate CF1982 Calibration Plot .

Plate CF2108 Calibration Plot . .

Plate CF2610 Calibration Plot .

Transformation Equation Plot
V-v vs b-v

Transformation Equation Plot
B-V vs b-v . . . . . . .-

Transformation Equation Plot
"U-B vs u-b . .

Colour—Colour Dlagram for the

Field of GT Carlnae

13

Colour-Magnitude»Diagram for .

the Field of GT Carinae . .

14

15

17

. Colbur—Magnitude Diagram

Variable Extinction Plot for
the Field of GT Carinae-

' +

Colour-Colour Diégram for

-Trumplexr 17 . .. . . . .

o

v -
!
{

¢

for Trumpler 17 Field . .

Variablé Extinction Plot
for Trumpler 17 Field .

i

Vi

13

14

17

28

29

30

40

4]

45



v

\

Pigure
Figure

,Figﬁre

Figure

Figure

Figure

Figure

.\. >' | _‘ .. N

18

19

?

20

21

22,

23

24

v

Field Reddening Chart for

s

Trumpler 0 64
Intr1n51c (dereddened) Co1our~

agnltude Dlagram for Trumpler 17 . . 66
‘variable Fxtlnctlon PJot "for ) ]
the Field of U Carinae . . .5. . . . . 76
Space\Rcddenlng Chart for o . ]
the Fleld of U Carlnae A
Varlable Extlnctlon Plot for the
U Carinae Field Stars 1n Southern ‘
OB Star Catalogueq R =N §
Log L/Lg - 109 Tef Plane for

sélected B .Stars in the Fleld .

of U Carlnae e e e e e e ... B4
Space pPosition Plot .for Selected )
Stars in the Field of U Carinae . . . .92 "



PEERE
RN
Lot

o

" Table

Table

Table

Table

Table

Table

Table

_ Table

Table

Table

Table

"Table

Table

" Table
Table

Table

IIT

T

1T
Iv

VL
VI
VITT

IX

f

List of Tables' S

-

Journal of Plate Material

. Photoeieétric Standards in .
‘The Field of U Cakinae

,Photoelectrlc Standardq in

The Fleld of GT Car1nae

Photoelectric Standards in

-The Field of Tfumpler 1.7

Tran%formatlon Slope and - Interccpt
Parameters . . . . . . . . . . . .

’
*

‘Transformed UBV Data for Stars
of the GT Carinae Field

'V#Mv——,E(B—V) Data for Stars

of the GT Carinée’Field

Data Used to Transform the Photometly :
of Sher (1964) ey

Transformed UBv Data -forxr
Trumpler 17 . . .. . . . . ..

V-Mv — E(B-V) and Intrinsic’

" . UBV Data for Trumpler 17 . . ...

~ pata Used to Transform.the Photometry

- of van den“Bergh et al. (1984) “

XTI

XITT

XIV

XV

XVl

.Data for U CarJnae Fae]d Stars .

Data for OB Stars w1th1n 2
Degrees_ of U Carinae

Radial Velocity Data for

- Pos.ible U Carinae Associates . . ...

Dereddened Data for Cata]oque .
B Stars Near U Car nae @ .. . .. . .

Data for Log L/L - ]og Pf'g Plane

2

viiil

10 .

11

12

12

31

33

44

»
57

70, ¢

72

80

83

86

87

P



_I _Introduction

It has beeh’nearly575 years since Henrietta Leavitt
(1912). first deduced the existence of‘the;Period¥ A
Lumdnosity’(P—L) Law for Cepheid variébles in the Small

e

Magellanlc Cloud Thls was surely one of the most sig-
nlflcant astronomlcal d;scovcr1eC of the preeent century
and it is approprlate/here to 1nclude some detail on ‘this
arly work to serve as bacquound for what is to fellow
‘-Fernje (1969) Drovndee an hlstorlcal rev1ew of thlS toplc
’and much of the fol]ow1ng dJscue51on is taken from hlS.

..

fpaper. ‘ .

The fitet_attempts-tg'calibrate the Cephe;d P-1-
relatioh were the‘indepehdent effotts of Russell’ (1913)
and Hertzsprung‘(i913) using the methed of statistical.

'paral]ax Hewever Jt is with the n1me of Harlow Shapley

(1918) that the development of. the P L Law is inextricably’

11nked. _It is now wldely appreCLated that early work on
. the P-L re]atlon suffered from the failure to distinguﬁsh
between what have s:nce come to be known as Popu]atlon I

ahad Populatlon (and Type) 1T Cephelde However the

--detalls -as’ to how the COthq1on actually arose are gener-

'ally mlsunderstood even w1th1n the astronomlcal communlty



oo T

B ‘4
Prior o progrc 5sing further we digress brlefly to

descrlbg.the*phy51ca1 Characteristics of these two var-_ ) -\
Tieties df~Céphéids as wgll és those of ﬁhéir Legs-lumjhousb )
gori%bnal branch analogues, the ﬁR'Lyrae variabiés:, All
ére, of course, stars whose 1igh£‘output varies'as.a
' recu]t of pulsatlonally unstable atmosphe¥1c enve]opoq
CEpheldS are yellow supergiants .with'spectral typ0° ranélnq
from F through K. - Thé massive, young and‘meta]—rlch Pop4
wlation T Cephe)ds are dlst1ngu1shed from theilr Iower mas
“older and (qenerally) metal —-poor Populat1on TI and ?ype 1T
counterpartq by bexng 1ntr1nQ1ca11y more luminous. ~The
'-Popu]atlon II and Type IT Cephelds are a somewhat inhom— |
ogenéoﬁs qfOup; dlthough they all app@a to represenE\iow—
ﬁaqs Fuprahorlzontal and asymptotic branch stars with a

ange'of meta]11c1t1es - Tﬁ; perlod Iang&q of these two
-c]asses overlap con51derably from -1 to 70 dayC. The shor-
ter period RR Lyrae stars are old, low mass, metal;pbor
glaqts of spectral type A. ‘Tﬁesé are very short périod
;[<1 day] varlables exhlbltlng unlform 1ntr1n€1c lumunODthcc
;ndependent,of period. 'Thus,_all RR Lyrae yarlables have
very neafly the game_mean abé&lﬁfe.magnipﬁdé'[;My>;o:6].

 As ghronicled in Fernie's feview fshapleyfs original
a11b7at10n was based.on 11 Cephelds ‘ Itfmuéﬁ be eﬁp— ,

.hislzed that the, ex1stence of. distinct etéllar populations

was .not the only unapprec1aped fact servihg'td'confound‘. - E



researchers duriné fhe/early years of this centufy”' The
cffccts of interstellar exfinction, while suspeceed, had

not heen quantitatively'formulated: “The 11 Cephelds usedl

‘ln Shapley}s calihration werei.in modern'termsﬁ ?opulatiop .
1 objecis. As-such they were of ]oﬁ oalactic latitude'and
thus a1gn1floanfly affected by the dust layer in the plane
/of the oalaxy. Shapley‘° callbratlon, based on-the method

of statistical parallax, was also adversely affected'by

the ihflueﬁce of oalactic rotation:oﬁ the radial velocity

and properfmotlon-daﬁa. Tﬁese_two factors, Qhen combined
'wiﬁh the_éoafse quaatlty and poor~quality of' the data.avail“
able to Shapley7 caused him to undegestimate the mean lumin; -
- osity of hlf 1}ﬂCephest by 1.4 magnltudes Thus the.notof- .
ious li magnlﬁude dlecrepancy that effectlvely 'doub]ed the '
éize and age of.the known un1Verse! when_annoqnoed in 1952,
hao been incorporaped.into the Very,earliest_calibfatioﬁs‘
of-the Pff'Law befofe Cepheids of‘Populaﬁion Il had .even
been'COoéidered.ﬂlIt waS“when Shapley tutned his.attention

to the Cepheldb in globular clusters that c01nC1dence 1nter—‘
vened to perpetuate an erxror that was not to be corrected
iuntll Baade'r landmark studles of the Andromeda Nebula con-
ducted durlng Worid War II. -Shapley found tﬁ;tthe erhgids‘

in globular clusters whicH we now recogﬁize. s Population

» e

TI. W Vlrglnls and BL Herculis var1ables seemed to fit his .-

"callbraflon well - It is, of course, now known thaf these

e
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Population IT Cgpheids are 1.5 magnitudes less Juminous

than théir‘Populaﬁion I counterparts) alﬁost"exactiy the -:f'

3

amount of the .error in Shapley's calibration introduced

by interstellar extinction, galactic rotation and-data N

deficiencies. Shapley accepted this unfortupate coincidenca

.as confirmation that the zero point of his calibration was

correct, and proceeded to ihcdrporate"the RR' Lyrae variables

of globular clusters into,the_re]atioh. His calibration

- fortuitously predicted'a 1uminoéity for these stars close

to that accepted today.. Thus, when further ﬁtndies on field

RR-LyFae stars verified Shapley's prediction of their lumin-

- osity, confidence in his calibration became all'but_unshak—

able. Even after Trumplér (1930) firmly established the exis-

~

.thce_of,iﬂtérstellar absorbtion, confidenceAiﬁ,Shap]eyis

éerq—point remained high. It was not until Baade (1952} -

attempted:to fit Shapley's relation to the Cepheids in M31.

that incontrovertib1e'evidence against the calibration

presented. itself. Shapley's work suggested that RR Lyrae =
‘stars ‘should be éetebted at a magnitude of 22.4 in M31,
but Baade, using .the new S-m Hale te]escbpe) fodnd them:

"to be 1.5 magnitudes fainter. Baade (1956) enlarged on his

work and established the P-L Law in its presenﬁ form with
separate zero-points for Populétion I and Populaqun II
Cépheids:

‘During the intervening years refinements to the P-L
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LQQ heﬁe heen made using'clugter main—seéuence fitting in
'addltlon “to Statl thal parallax. The cal:bratlon hao
-behome ospec1a11y dependent upon the Populatlon I Cephelds
“of the ncarby Maqellanle ‘clouds since these galax1es_con—
tain many such;variah]es iocatea et a common distance from
the SnnJ _Before:the paseage of too nany.more decedeé,
'.s;ace—hased}inehrmﬁgntetion'copld foreseeably offer orders
of magnitnde jmprovement in the accuracy of trigonometric
paré]laxee, Howenen until the’aqrival'of such halcyon

davs, the most powerfu] means of callbratlng Cepheld ]nm~

inosities 1°»by deriving dlstances to the stellar groups

in which they are located.. Unfortunately, the 1ong perlod‘

Population I Cepheidé, the stars most important 1n_deter—

mlnlng d]sfances beyond the Local Group, are rarely'found

1n‘cluster° and aSSOClatJODGu Thus, the ca11bratnon remainsg
» heaVle rellant on d]ctanceq determlned for the Magellanlc
Cloudq ~’That the toplc JS comp]ex and in need of further

research is.made clear by’ the fact that Cephelds of the

"Large Magel]anlc Cloud appear to obey a sllghtly, but sys~

-t f

fematlca11y dlfferent P-L reiatlon than thelr Small Mage]—.
: Y

“lanic Clond counterparts. OpportunltJes to verlfy or.
gefine hhe hiéh inminoqity end of the relationship using
1ong perlod Cephelds 1ocated tn relatlvely nearby stellar
groupc would, therefore, be most propltlous Any procedure:

1eddLng to the detect1cn of clusters or assoc1at10ns con—.

>
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‘(and

tal%lnq long~ per1oﬁ Cephe1ds holds promise- for reiln{nq the
- calll
¥

bration thh conscquent 1mprovement in thefaccuracy of;

e
¥
1

the extraqa]act1c*dlstance séale.

This thesis'is concermed

w1th tPPhﬂ]QUOS whereby such clusters or associations in the -

'vxcinlty of 1ong period Cephexds night be dicbOVOYCG
Numerous 1nvestlgator5'(Klppenhahn-and Smith 1969,

Tammann . T97O Meyer-Hofmeister 1972).have deduced  a thee~-

retlcal relatlonshlp between the periocd and the age of

Cepheids. UC1ng stellar Levolutionary models Such theor-

etical perlod—age relations are sensitive to element abur-

- dance and mass loss assumptions in.the models. They are.

'further complicated by the faeﬁethat each Ceph01d cross S‘-

the instability strip more than once with a different

period at each crossing. Since the evolution of massivé
. R . - . A o . . "_ .

Population I Cepheids-is fa%t'compared to the main-sequence
B ‘ :

lifetimes of their precursors, Cepheids of-hearly identical =

[

different periods if they are _,

‘
H
i

‘periodé i

_ages may have significantl:

‘observed at different crosgings. For examplé,

.during first crossings of [the instability strip %ré.approkr;

imately half those -of sdb;eqﬁenf crbésings. ‘However, 'first

crossings are very fast, _ompared to subqequent Cr0581ngs

| -

-

therefore. are rarely oboerved leferences in perlod‘

between second and sub% quent erose1ngs are much less pronm.‘
ounced permlttlng th2/ages of, these stars to be determlned

'w1fh an accuracy of 1

/

/

15 perccnt (Klppenhahn and Sm]th -

PRV
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"1969) . Thus, the scatter inherent in periodfage relations

of long-period Cepheids-is sufficiently small to permit

-

the CoﬁolusionlthétAthe'indicated ages of these stars'[<3§Myi
for P>104] ére COmparabie to the main—éequénce lifetiﬁés‘
o} early B Ftars. Tt is therefore not unfoa;onabje;to
expect that a long- perlod Cepheld may share a. commoﬁ
phy%lca] or1g1n and dxstance with any closter or assoc-
iation of young stars found in its 1mmed1ate v1oln1tyz
van den Bergh and Horris (1976) showed that tho
pfeseoce of a sparse oluster‘of B starér(LyngS 6) surroun;

S o . o -t o
ding the- 10 day Cepheid TW Normae was evident from -inspec-

tion of the ¢olour-colour (CC) diagram for'the stars in

‘the variable's vicinity. The Cc.diégram_revealed a.oonf

f

-spicuouS‘grouping of’reddened OF stars near the Cepheid;

EI

In a serles of subsequent papero (van den Bergh et al.

A

1982 1983 1984) thé flelds suxroundlng 14 long perlod

}'M» .

-Cephends were Jnvestlgated u51ng photographio photometry

Colour-colour and co]our—maqn]tude \CM)_dlagrams were

‘conStructed for each field. The rationale of the method

is thqt,ahy association or ‘cluster of young'stars to which -

the Cebheid might belong would'be evidént as a well.défined'

-_gequence in the CM p]ane and as a consplcuous group of‘

ctars with similar reddenlngs 1n the CC plane If such.

grohplngs are detected spectroccop1c studles could be

initiated to further test for membershjp of the Cepheld
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¥

from Q1m1]ar1ty of radial veloc1ty ﬁxqtanre?a§9~the clucw~”

ter#for assoc:at1on° containing ;uch long- poriod Cephelde

couldjthen be used tO‘further reflne the P—l,\@yhfor theso
stdrs, conSequent]y inproving the acouraey of ‘the extra» -
éalactic disiénée ecale. iny‘z of the 14 fieﬂaé invcs;
tigated to date have been eucessful‘in the sense.efndeterw

mlnlng that the Cepheld in- ques tion is a likely membex of

a nearby a55061at30n In nelther case (CT Car and ‘00 Cén)

- have spectroccoplr data yet been obtalned to oonflrm or

deny the questlon (van den Berqh 1985)& In seyeral of

the other flelds studied lt nay be that photonetgic erfors
and 1nsuff1c1ent]y rlgorous analyeoq have conCered to
obscure the Cepheld a55001at10n connections. | :E
This the51e applles a similar but somewhat more qoph1;_

tlcated method of analys1s, 1ncorporat1ng dlfferentlal red~

‘denxng, to search for any related clusﬁ/} or association

~in the VlClnlty of the 13 2 day Cephe1d GT Carlnae In

the.course of Carrylng out the requlred measurements itJ

“vbecame apparent that a search to. falnter magnxtndes than

perm1551b1e by the available plate materlal would be necc°~

sary. The Ctudy was then expanded to lnclude a re—lnves~

tlgatlon of the clooely adjacent flelds surroundlng the

Tyamser™

“open cluster Trumpler 17 and the 38. 8 day Cepheid U . Carlnao

The field of U Car_was 1nvest1g§ted\prev1ouslygby‘van den_'

Bergh et al. (1984) who were unéble to find evidence for
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‘any related cluster or association in its vicinity. Since

preyious studieé'pf Trumﬁiér 17 ihéitated this clasﬁer-to
berat a disﬁénc? comparable to U Car, it was_felt that a
more detailed'investigaﬁion into a pdssible clugtef—Cepheia
.associationiﬁould_be worthwhile.

-'Other,clusters of interest lying within the field of -

the photographic blates include.Pishis 17, Hogg 9 and Fein-

stein 1, but they could not be studied using only the plates”

-

available. Future study of these clusters would also_bé
worthwhile to investigate their possible association -with =

I Car.

PR
RS
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II Observationpal. Data .

(a) Plate Material

. The plate material used for this

2 U band plates and one. each @n B and

1978 and 1982 by E. ﬁrééterhus and F.
netre Swope teiéséope in éﬁi]e_at-ﬁhe
véﬁory of.the,Carnegie Inétifution_of
were ceﬁtered on GT Carinae (R.A.'Joh

1950) whiéhAlies_approxjmately midwéy
. Carinée nébula and the popﬁloué'yéﬁng

-,jplate journai is included in Table T.

 Table I

study consists of

vV obtained bétwéén“
Younger with the 1.0
Las'Campanas Obser-
Washington. Thé'piatés.

M 22% dec -59%12 .9

57
between the Ehﬁ

cluster’ NGC 3532, A

Pbotograpﬁic Plate Data

Plate ~ Date ° Emulsion Filter - -Exposure
Co uT ' ©o 0 (min)
., CF2610 1982.02.25" "'103a-D GG495 30
“ CF2615 1982.02.26 103a-0 UGl . 90
CF1982 1978.05.12. 103a-0 UGl 68
GG385 30

" CF2108 1979.03.31. 103a-0

(b) Photoelectric Data

Skeletoﬁ phétoelectritiobse;vatiohs (one’ obser-.



vation per. star) of sequences surrounding U Car and GT
o : 2L | S

Car ‘from van den Bergh et al. (1984) and van den Bergh

'_(unphhlished)‘are listed.in Tables II and 11I. An addjt;

ional.S photoclectric observations in the vicinity of*Truw-

’

pler 17 from Sher (1964)_ére given in Table IV.

Table. II.
U Car Region Stahdards

Photoelectric data are from
van den Bergh et al. '1984.

T Photoelectrlc-‘ Photographlc .
Star 'V B-V U-B - \Y B-V U-B
A 11.00 1.97 1.84 10.81 -1.85 1.48
B 13.03" '0.63 0.18 13.06 0.59 0.06
C 12.13 0.15 0.04 12.05 0.17 " 0.09
D:*" 13.02 0.48 0.23 13.00 0.51 0.31
E 13.91 0.52, 0.06 ©13.87 0.49 0.07
F 13.53 . 0.41 0.08 13.55 0.46. 0.06
G 15.51 0.66 0.34 ’

H 16.65 0.56

Stars used for callbratlon and transformatlon as’
dlSCUSQGﬁ in the text.

Tk Vpe adjucted.from 13.32. See text
Photographlc valueq from equatlons (1) through
(3) are given for stars-lying on the linear por-
tions of. Figures VIII through XI. See Section III.

A detailed diSCussion of.fhe phbtoelectric obsérﬁatiohs‘

1s deferred to the fo]low1ng sectlon The stars in theée

'Ocquences are Jdentlfled on the V band flnder charts given

in Figures 1, 2 and 3.. Note that standards 59 and 60 in
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Table II1X

GT Car Regién Standards

Phoﬁdélectric data are from van den Bérgh‘(unpubliqhed).'

\

: . “Photoelectric Photograph;r
Star: v B-V U-B v B~V U-F
A 8.29 0.02 ~=0.03 : : :
B: 10.92 . 0,20 -0.78 .: 10.96 0.17 -0.7%
C 12.47 0.32 =-0.04- : 12.50 0.62 -0.18
D: 12.84° 0.35 0.13 : 12.84 0.32 0.23
E. 11.65 1.44 1.56 @  11.25 1.56  1.18
F: 13.09 0.65° 0.21 : 13.15 0.49 7 0,20
G 13.-18 1.27 0.98 : .13.02 1.22 0.61
H 13-63 0.33 0.22
I 15.17 1.27
- - Table,. IV

Trurdpler 17 -Standards

. Photoelectrlc data are from Sher (1964) .

: Photoelectrlc o Photographic
“Star” v "B-V  U-B \Y "B-V U-B

4 12.46 . 0,41 .--0.28 12.51  0.47  -0.21

5: 11.28  0.47 --0.15 11.26 0.50. ~0.10

§7 +11.49 .- 1.04 0779 .: 11.50 - 1.05 0.40

590% 9.88 . 0.06 -0.04

60* 11.64 0.33 -0.20 : 11.75 0.28  -0.18

e e e e e T mm e e e g e e o e e o e ]

The V magnltudes shown in Table IV have been
inareased by 0.08 over the values 1in Sher (1964)
See Sectlon III for a discussion.

In both Table III and Table IV denotes stars used
for calibration ‘and transformatlon as discussed in
the text

* Mlstakenly 1dent1f19d in Sher (1964) See text

. Photographic values in both Tab]e IIT and Tab]e v,
from equatiohs (1) through (3), are given for s%ar%
lying on the lineay portions of . Flgures VITI throuqh
XI. Details are given .in Section III. : ,

~
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Figure = 2
Finder Chart In Visya).Ught for U Carinee Field

Star numbering is from van den Bergh et 8l. (1984)
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fhe-fiéid of Trumpler 17lwéfevfound to be‘mistgkqnly iden-
gjfiediin the finéer chart pubiished by'Sher (1964):‘ Afpa{r_
-of stafs, approkimateiy 2! noftheasﬁ of the iﬁages idéntf
ified as 59 énq 60 By Sher; and 1ying'butsjde'§f his chdrt,
Were-foﬁnd to proviée a much better“fif to the‘bhotg~
électric data::It is these twd stars that are correétly
idéhtified as gté;s 59 and 6O iﬁ.Figureb3. .A line dfaQing

éﬁndicating the positions of U Car and Trumpler 17 relative

+

ey

to GT .Car within the field of thé photographic plates is

given in Figupé-3a.
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i
Tr 17
{ GT éar
U Car
10
bo————
.l
i \ 7
e TR :
- Figure '3a L
. : . : ‘ »

. \ " Relative Field Positions
' Py '

Aelative positions within the field o,f’the'

photographic plates are indicated for the -
Cepheids GT Cer and U Car as well as for
the .cluster Trumpler 17. -

- ¥




1IT Plate calibration and Transformation Parametérs
Nood . :
(a) Scatter in the photoelectric data
At the outset of irising, it became evident that
‘objectionably lardge scatter existed in the photoelectric

data. A plot of the square of the iris readings Versus-'

unadjusted photoelectrlc B magnltudeq for a]l tﬂndﬂldo'

measured, follow1nq the method of Schaefer (1981), is
given in Flgure,dv Standard GT Car/A was. too brlght-fo
be mcasured on all élates and does not appear The
repeatablllty of the photographlc measureq was, excel]cnt
and the standards selected for callbratzon and ‘transfor-
_matien did not suffer_from erowdlnq by nelghbourlng star
‘images.' | | \

Prior te adopﬁlng‘tae-12 veréﬂs magnjtdde relalion
suggested by'Scﬂaefer‘(1981)} tests Qere condueted for
the lineafity of 1" versus magﬁltudequr.values of n
’ rangiag from lito 5. Cofrelatientfactors frem tﬁese
‘testq 1nd1cated no advantage was to be galncd in qunq
.ﬁhlgher powers of I than the serond
‘ The iriS‘values plotted in Flgure.; are the avefage
of‘3.read1ngo obtalned at separate mhasuring sessions, a

method followed for all subsequent cwllbratlon plots as

,

18
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~well. Cére was taken to ensure'that>the\same instfument

N
N

Set—np was used at ééch'session by-settiﬁ§ on.a'qtandérd
6f 1ntcrmed1ate brlgbtness and adjustlng the photometor
.for an identical iris rea@lng at null. The stra1ght
"11n@ shown is 1.1ea st qquares fit to the.photoelectrmc
Zdﬁta over the range in B 1nd1cated (1] 00~17.00) . Jhg-
_standard dewiation of the lea§t squares fit is io.zd_mag
in B: Dﬁe to.the scatter in figu£e 4, eépéciaily for- stars
U cér/F aﬁd GT Car/H, ‘and the c1ustor1nq near R= 13.00, the
Vtransformat]on equatlons derived from the entire qet of
sténdards also exhibited'excesSivé scatter with standard

deviations Qf +0.12 mag in V, £0.10 in B-V and +0.14 in

| .
U-B." The photqelectfic data»gg% the'QT'Car ;nd U‘Qar>fje1d
lsequences are the resuit of Siﬁgie obéervations:fof eaéh,
_stér, asAstated by van deﬁiBergh et ali'(1982, 19é3)._?hué,
thétéxisfence of the'ééatter in.FiQUrékﬁ'éhpuld.not be con-
sidered'Sufp?ising,»;inée it can(;éadilngé explained by
tﬁé accidental inclusion of a few variables‘or di%cordant,”
observations in the photoelectr1 fquuencé_' It éhou]d

_be noted that the plates used in th]S study were eXpO%Pﬂ
_”at substantlally d}fferent epochs (Table I) - Thus the
"Jnadvertent Jnc}u913; of varlable qtars can be expected'

to broduce spurious colours for quch objects ThlS p01nt

is 51gnlf1cant not only for the prcaent dlscuscion of

‘calibration and transformatlonwstandards but also for the

.
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interpretation of CC and.Cquiagrams‘in'following sections.

In order to derive calibration plots .and transformation:

equations exhibiting reasonable scatter, it was necessary'
to °e]cct a suhqet of the standarde 1lsted in Tables [[
ITT, and IV. As.no attempt was made to measure Sth; as
.faint es U/H or as bright as 59 on any plate, thelr'
deniation from the linear reiation‘shown in Figure 4 is of
no concern and thece stars were’ excluded from further con-—
sideration. Standard GT/E an elongated image oh the B
p&ate'and_a.cleer multiple'inage'pn both U pletes;‘was
also rejected. gtandard U/D was.adjnsted in v 5} -0.30
maq,vthereby yleldxng results ‘more conslstont with other
standards in all callbratlon plots as we]l as Jn the
transformation plots;dyscuesed 1n_sect10n (c). It scems
1ikely that the naénitudeicited for tnis‘star in van -
.den‘Befgh et.alﬁ.(1984) was.erroneously transcribed priot
to pubchatlon and not’ notlced qubqequently

F1qure 4 suggests the p0551b111ty of a systematlc
error'ln the photometry of Sher (;964) for the T;umplerA
17 photoelectrlc sequence _ All-Siof the stare in_ the
sequence were found to be overly btlght when compared to
the ]Jnear relatlon shown despite their ‘use in obtainlng
thlS relatlon. Moffat (1974), us1ng the photometry in
Sher'e peper,.found a s;mllar systematlc error 1n Sher 5

observations of NGC 3603, An increase o£_0.08 in the V

a
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magnitudes.publiehed by'Shef,.an adjustment advooatcd

by Steppe (1977), reedlted in a better fit'to tﬁe rest

of the photoe]eotrié'déta for bothlthe celjbtatioﬁ'and

't;ansformetion‘reiations;l |
'The.nine_stats finally selected for.purposee'o[.plato

calibration and t;ansformationtto‘thefCHV system fol-

.;owing this involved winnowénq prooegs are indicated by

colons in Tables IT, ITI and TV.

() Ca1ibfation Plots
P1ots of the Squaro of ‘the 1r1q readjng vnrque’
photoclectrlc magn:tude for the-selected subset , of stan-—
'dardq are shown in F}gures % through 8. In eac% case a
.straight 11ne, fltted‘by the.method of least sqﬁares,'is
ehown over the apptoximate'tange of magnitu@es actually

measured on each, of the four plates It is seehn from'

Tlgures 7 and 8 that the B and ¥ band cal1brat1Ln plot

" are. extended 1.0 to 1.5 magn1tude§_bﬁYond the b_lghtest

_'and falntest of the photoelectxlc qtandards use; im thear

. - N

‘constructlon. The justlflcatlon for thle proceéure is d1€~

cufsed by Schaefer (198]) ‘ Schaefer has found q 6 magn]tude
range of 1Jnear1ty to be typncal of, photoqrqphJ emuISLons,

and thls is supported by the results ot other ‘Work at balnt

Mary's University. The adjustment of several of the photo~

St .
[



Figure 5

Plate CF261 5 Calibration
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Plate CF2610 Calibralion
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'eleétric standards ;nd'the:eljmination of othérs, as dis-
Cuséed in the previous seétion had the effect éf'éig*
nlflcantly reduc;ng tbe scatter about tho derlved trans-.
formation telatlons, but had only wminor Jnfluence on the
'sloﬁe/intercepf‘parémeters. This is @Vldent‘trom a.comf
.parison of Figures 4 and 7. The relation of figufe‘7;

. qud to obtain 1nstrumental B. maqnltudps is yirfually.
'1dentlca1 to that of Flgure 4, whlch is defined ét %ﬁe
bright énd by standard GT/B and.at.tﬁe faint end by\'
both;GT/I.and u/G. Thus, the relation of Fi@u;e 7 is
ndt as pbofly anchored at it;‘extremes as first apﬁeérs.
similar remarks apply to the case of the V plate calib-

ratlon of Figure 8.

(c) Tranoformatlon Re]ations

+

strumental magnltudcs, ul b and v, obtalned from

the relations qhown in Flgures 5 through 8, were trans--

. - -formed to the UBV éystem_usxng equatlons of the-form:'

V- v o= A1) X (b-v) + .B_(rl) ' . (1)
B - V = A(2) X ;(b;V_). #B(2) - . (2)
U - B.= A(3) X (u-b) SHB(3) L (3)

The fitted relatlons are shown in Flgures 9 10 and
11, whlle slope/1ntercept parameters and errors are -
llsfed in Table V. .The stralght 1ines Shown are 1eabt

- Ay
squares fits to the data over the approx1mate ranges in

LT

27
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Straight line shown is a least squares fit ¢
to the data’over the approximate range in-
b—v values actually measured.

~50 0.00 50 1.00 150
e
D /



.00

.00

7 . Figure 11

Transformation Plot No, 3

S e e B i A e A
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Table V.

Transformation Parameters

S

Equation ' A : ' ' . B
(1) 0.079 +0.028 - -0.042 +0.018
(2) . 0.88 10.079 0.051 +0.051
(3) . .0.79  £0.100

<0.010 20.041

instrumental céiburs actuelly meésurea. Eéuatlon (1) A
(2) and (3), w1th'the parameters of Table V yield sample
standard deviations oftib.OB ﬁaé in ﬁ .i0.07 mag in B-V

end +0 10.mag in U-B for the photoelectric standards used
tin‘theit dérivation. These measdfee offdigpersibn wi]li £

be used' as error bars . in the CC and. CM diagrams const-

ructed from data-reductions uéing equations»(l) through

(3) .

Photographjb magnltudes and Colourq for qt ndard

stars 1ylng on the’ 11near portlons of the callbratlon
plots (Flgures 8.through 11) are {ncluded in Tables 1T
.IIi and IV.

The p0551bility of an undetected systematic error

in U~ B for very red stars is ev1dent from Figure 11

No star of (U B)>0.25 was 1ncludpd in the qubqet of photo-

e]ectrlc stwndards selected for callbratlon and trans—

urposes.
.

This ts not_serloqs aS'the methods
of andlysis péed in subsequent sections,rely'mestly Qﬁ‘;
early-type stars of (U-B)<0.25 mag

31 .
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Tigure 1. A careful examinaﬁion of the finder chart

Y

v GT Cayinae Field -

(a)lData éampTe
As one of the goals of ihe study was-to ﬁoaréh for
any_cluster_qf éssoéiatjbn‘of'youngvstars in the vicinity
of GT’Car; biue_stars ﬁear.tﬁis Cepheid- were preferen-
tially selected for measur@ﬁeﬁf. Initiall?\aoo stars

within approximately 10' of GT car were measured on

.U plate éF2615. The B piate was deeply expésed and of

the 400 stars‘measufed on p]até CF2615, only about 300

were sufficiently free from crowding~probiems.to'pe

measurable on plate CF2108. Elimination of stars hoth-

"too bright and too faint to fall on the linear portion

bf,the.oalibratfon plots further reducedqthé daﬁa'sample

~

'to(%ibystars. Transformed V magnitudes and colours

/o _ _ S o
for these stars are listed in Table VI. The stars

are .identified on the V band finder chart given in

raises questions as to the Eompleteness-of the phdté—.
métric survey. There-are knots of stars within a few

-

.arc minﬁﬁés of the Cepheid which were precluded from

study by crowdin§ prbblems,' Conspicuous groupings (pOQQJ

“

siblé faint clusters) - 3' west and ~ 1 1/2' noirtheast are .

£
/



Table VI

Stars in GT Carinae Ficld

B-V U-B
75 0.33 0.32
77 0.53- 0.01
a8’ 1.37 0.80
79 0.27 -0.15
75 0.46 -0.01
.27 0.61 0.09
7 13.88 0.39 0.17
8 . 13.59 0.16 ~0.19
9 14.32 0.32 . 0.15
10 - ©13.99 0.48 . 0.20
11 13.06 0.12 0:03
12 14.24 0.33 0.19
13 13.55 -0.01 .0.39
-114 14.09 0.46 0.04
15 . . 14.00 0.50 0.19
16 13.34 0.95 0:38
17 14.04° 0.38 £ 0.25 -
18 . 13.01 ©.0.07 0.23
19 13.38 0.54 0.14
20 14.06 0.30 0.16
21 -13..69 0.61 0.29 °
22 12.95 0:22 0.06
23 13.89 0.47 0.08 -
24 .13.70 0.49 ~0:06" -
25 . 14.44. 0.29 014
26 . "13.25 0.34 0.15"
27 13.29 0.04- ©0.29
28 . o0 11.27 1.44 1.20
29 13.55 0.12 - ~0.12
30 12.43. 0.24 -0.28
31 13.26 1 0.03 0.55%
32 13.33 -0.09 0.12
33 14.23 0.27 0.15
34 - 14.28 0.12 0.39
35 13.95 0.63 0.16

e e e e e ) o e e e e o o = o e e e o e i



Table VI continued

Star - Y L B~V -, U-B
36 14.28 0.44 -0-. 05
37 11.33 0.67 0.32
38 13.90 0.68 0.17
39 12.64 0.10 0.28
40 12.53 0.17 0:28
41 10.68 1.43 0.83
42 d 12.94 0.49 0.021
43 12.94 0.04 0.17
44 12 .40 0.37 0.16
45 12.92 . 0.43 0.43

- 46 12.73- 0.54 -0.02
47 11.36 1.28, 0.41
48 ’ 14.16 0.49 . ~0.34
49 12.35 1.13 0150
50 ° ' 13.35 0.45 0.16
51 - 13.95 - 0.27° -0.14
52 13.99 . 0.38 ) 0.07
53 - 12.85 -0.07 0.43"
54 ‘ 13.69 - -0.06 . . ~0.05%
55 14.59 .0.19 - —=0.09 .-
56 . 13.51 -0.03 _ -0.04
57 13.54 0:42 0.17
58 -. 14.22 0.10 0.28
59 13.35 0.09 0.34
60 T 14.10 0.55 -0.13
61 13.55 0.45 - 0.02
62 .. 13.91 0.28 0.12
63 *14.49 . 0.35 -0.31
64 . 14712 - 0.53° ..=0.23
65 . 13.90- 0.41 -0.39
66 14.07 0.52 ~0.47
67 .13.84 .0.58 ~0.01
68 13.85 0.53 -0.11
69 12.71 0.20 ~-0.25
70 12.88 0.28 0.33



- Table VItéonﬁinugd

Star AY
T )
71 14.723
72 13.60
73 11.80
74 12.51
75 11.05
76 11.06
77. . a2.30
78- . 13.42
79 13.89
- 80 12.25 .
81 13.51
82 13.71
83 - 14.29
84 12.74
85 To14.31
86" < 14.46
‘87. 14.08
88 . 12.00
- 89 .. 12.42
90 . " 11.98
91 - 14.21
92 14.21"
.93 - 13.25
94 11.06
95" 13.64 .
96 12.89
97 "13.45
98 12.84
99 - 14.
7100 13.98
101 ,13.13
102 14.04
103 13.32
104 13.94
105 13.44

is -

[eloN-NeNel

cocooo

oo oOoC

coooo

4

D000

.26
.15
.15
.32
.42

.43
.50
.40
.15
.36

.31
.33
.01
.04
.74

.60
.46
.33
242
.62

.63
.52
01
.48 .
AT -

e e s e el e e v ep S LS 4 S 4

ot o e ek o o T A e St i e o o T S T e e e e e

.58
.07
.19
.23
;32

.03 .
.14
17
.20
.0l

08
.26 .
17
-40
.53

.00
.02
.05 -
.02.
.02

.09
.02
.22 .
.02
.08



Table VI continued

Star v B-V Uu-B
106 14-39 0.79 ~0.12
107 13.89 0.62 0.22
108 13.76 0.40 0.24
109 11:54 " 0.34 0.05
110 - 11.84 1.33 1.07

111 - 13.29 0.00 . Q.46
112 - . 14.01 0.24 0.14
113 - 14.05 0.69 0.24
114 -, 14.42 0.45 0.14
115 1a.17 . 0.05 0.18

116 14.37 0.52 ~0.14
117 . .12:.30 0.45 1 0.30°
118 13.89 - 0.35 © o 0.28
119 - 14.42 0.54 - -0.04
120, . 14.26 ©0.77 . =0.02"
121 14.14 0.53 ~0.01

122 11.55 1.75- 1.22°
123 . 14.38 0.35 . - 0.08

S _ 14.33 . 0.58 ~0.04
125 J1l4.21 0.36 -0.06
126 13 .69 0.01 " 0.37
127 13.95 0.47 0.02" °
128 . 13.54 0.02- 0.23 - |
129 12.92 0.44 0.04" "

©.130 . 13.64 0.39 0.0
131-° 7 . 13.57 0.20 70.09
132 13.22 L 0.15) 0.28
133 o 13.93 0.74 -0.06
134 - .13.21 0.44 0.25
135 ~14.33 '0.39 0.11
136 13.85 . 0.17 ~0.08
137 13.29 J0.61 -0.-29
138 12.44 0.90 0.34
139 11.72 0.39 0.12
140 14.43 0. ~0.11

36
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‘.,  Table VI continued

146
147
148
149
150

T 151 -

152
153
" 154
155

156
157
158

‘1597

160
161
162
163

165

14.

13

10.
14.
14.

14

11.

11

12.

3.0
s .

11.
e 8
10.
13.
14.

79
96
40
13
15

.35

.18
.74
64

.78
.63
.46

.39
.06,

.23
.46
.46

02

B-V - U-B
0.29 0.06
0.45 0.21
0.17 0.01
0.27 0.10
0.36 0.17
0.76 0.20
0.59 0.14
0.13 . 0.04
0.44 0.13
0.23 0.17
0.55% Q.29
1.67 1.18
0.60 ~0.10

- 0.24 0.23
. 0.20 0.36
0.66 -0.03
0.09 ‘~0.52
0.05 - ~0.55
- 0.13 0.35 -
1.10 . - 0.51
o1.23 0.94.
©.0.39 0.16
0.52 0.02
0.47 - - ~0.03
0.37 0.11
0.59 ~0.04
0:27 -0.06
.1.14 0.49°
0.89 0.21
0.20 0.29 .
0.66 0.18
0.06 -0.11
S 0.31 0.36
0.21. 0,30~
~0.90 0.31"
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Téble‘ VI continued

Star v B-V U-8B
176 11.31 - 0.25 -0.16
177 ©11.40 1.34 0.89
178 14,03 0.73 0.01
179 12.18 0.16 0.24
180 13.86 0.72 0.21
181 - 13.63 0.76 0.13
182 13.79 0.66 0. 04
©.183 12.52 0.36 0.05
184 . -+ 13.35 0.32 0-22
185 13.07 0.21 0.35
186 13.59 0.52 0.22
187 12.95" 0.26 0.37
188 - 12.89 0.30 0.06
189 .- - 14.30 0.47 0.11
190, 11.41 0.27 0.12
191 11.12 0.21 - -0.20
192 11.66 -0.07 —0:25 -
£ 193 13.00 . 0.90 . 0.32
194 © 7 11.45 0.31 ©. 0.0
2195 . 12.75 1.20 0.60
196 : 11.78 0.17 ©=0.03
197 11.04 .1.03 S0.72
198 "11.31 0.22, . =0.40
199 11.08 0-40 .. =022
200 . 13.30 0.34 ' 0.09
201 11.14 . 0.13 . -0.30 -
202 424 0.73 . -0.12°
203 . 13.40 0.34 . .0.15
204 . 12.96 "0.50 ) 0.01
205 - 13.40 027 | ©=0.30
206 .13.84 0.60 . =0.03
207 . 12.00 0.16 . -0.23
208 - 14 .04 . .0.54 - -0.07
. 209, . - 13.15 ©0.46 ©-0.41.
- 210 12.83 0.22 . 0.25
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jeepecially noted Crowding nronlemé within these groupé,
ovident'on the visual light f1nder chart, were appreoL
iably: more cevere on the deeply exposed blue plate.  Thus,
'jt was not’ poqub]e to adequatply eample such glouplngs ‘

_W1th thc available plate materlal

a

(b) Colour+Magnitude and Colour-Colour Plots '

Cé.and CM plots for the éT_Carinae”fleld appear:
in Figures 12 and 13 tespectiyely. S In each'oase erxror
bars reptesent-bne standard deviation in colour.or mag- o
nitude as derlved from eduations (l), (2) and (3) The

AMS two- colour relatlon shown.is from Johnson (1966) and
'a reddenlnq line of slope E(U~- B)/E(B V) =0. 75 typloal of
Lhe Farlna field: (Turner et al . 1980), is 1ncluded: The
ox1stence of stars Wlth "pecullar" colours clustered
about U-B~ 0 25 and B-V~ 0.12 ‘is noted. It is dlfflenlt
to adequately aohount for thesp ohjpctq Wthh Pannot
be dereddened to: the standard sequence using any
. neasonable reddenlng‘law. Most‘may‘exhlblt such oolouré
1! as a result of photometric errot but ~10 of theqe qtars

'rcnaln "pecullar"‘%ven after adjusttng thelr colours
,by a full standard deVJatlon 1n both U- B and B-V.
| A poqqlb]e explanatlon is -that these are varlable.‘

stars and“thelr colours, belng deduced from plates taken

‘@ 
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‘Flgure 1.2

'

. cC Diagram for GT Carinae Fleld

Error bars depicted are'.for one standard .
deviation as explained In the text. <ZAMS
relation Is from Johnson {1 966). A red—

“dening line of slope -0.75 .13 shown.
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CM Diagram for GT Carinae Eield
Error bars depicted are for one
standard deviation ‘as explained in

. the text.
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at different’ epochs, are .spurious. This supposition is

supported in éévera]_@gses by compa}ingimagnitudgs
derived from th;_twp'u plates. Instrumdntél magnitudes
from these'two.piéte§,fqr “@Ecglia}" stars 31, 32 and 159,
for égample, differfby 0.25,;0.59.5nd-0.23 magnitudes:"

These are the largest such diffefgggpgwin the 210 star .

sample.

'

, "- I N ' ] ..
- . - [ ! - ) * .
Ng¢ grouping of}poung stars sharing common reddenings
: A ’ ) :
is obvious from an examination of the two-colour plane.

Also, no well defined main-seqguence is detectablée from
.Figure 1?. . Thus, within the limits of* sample- -completeness

. discussed previously, no immediate evidence for a cluster

or major association of young stars in the vicinity of
. L SRS LY e

GT Carinae is found from these diagrams. However,

differential reddening;_wbich is a‘relaiivgly‘cbmmon'
featﬁrg.df”asgoqiaﬁiOn'fieldé, can éften,mésk the charac- .
teristics éf;a ph?sical group gf §térs‘in.guch_diagrams.
Genegally,-a more ‘detailed éhai&éisg takin§ rgddeniné‘jntp
agcount,§g§st be haae'tojséérch fo;vloosé.stéilqr groups

}ike_associatioﬁs, 'Sgch‘a method of analysis is taken
. . oo 28 : . . i

. up'in the nextﬁsub~secfiop.

a4 8

i (c) variable Extinction Aﬁa%ysis
Tt follq&s from thé distance modulus eguation that,

for stars at a common distance:

@
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Vo- Mv'= C + AV L N . ()

A

where Av is fhe totoi absorptidp in:V and C is e constant
'eqoalltoxS 1og'd -5, The ratio of. total toiseiective
',absorbtjon, R, is defined by .
' _R.¥ AV/E(B-V) ¢ 5 L (5)
'Thhe,'a ciuste£ or aésoclatlon w1il fall along a sfrafghti
line in the V—Mv.versus-EanV) p]éne accordigg to: “
V- Mvo=CoaRX E(ﬁ~95 (6)
The 73 stars in Flgure 12 with (U B)< 0.12 and (B-V)<
0'50 were dereddened u51ng -the: redden)ng line shown. (B;V)o
values'obtained'were uqed-to derlve'Mv values for these

'qtars from -the ZAMS relatlon of Tulner (1976) [We shall

Ay

iiconolder p0551b1e qystemdtlo errors 1ntroduced into the

7

'analy51q from assumlng all stars to be AAMS objects durlng

dlscussnon of - the field qurloundlng Trump]er 17 in sectlon
‘V(b) ]*The.Mv data were uqed to construct the varlable
extinction p1ot gnven in Flgure 1; w1th the data 1lsted
_1n Table VII. A oolld 11ne of slope R 3! -1, represen— E
-tatlve of the Carlna F\e]d (Turner et al. 1980) AS plot—
ted. - The Zero pOlnt of thlS line at Vo- Mv 12 07 corres—
bondslto the main young stellar-group-tecognized invthie.)
“;fieié‘— theréarioa‘oﬁl;cohplex céntered‘on,the éarina.

Nebula .’ (Teast 1958) Errdr‘bérs 3f i0.39‘mé§uih;V—MVJand

[

+0. 02 mag in E(B V) are deplcted These are estlmatee of

0

the errors resu]tlng from the graphlca] method of obtalnlng



Table VTI

‘Distance Moduli ahd Colour Excesscs for
Early-type Stars-in GT Carinae Field

Star V - Mv (B-V)o . E(B-V)
-4 12.56 . =0.13 0.4
8 - 13.10 C o -0.11 0.28
30 .. 12.91 - - . -0.18 0.43
e 1%.86 -0.25 0.75
51 S13.72 -0.13 ! 0.41
63 15.32 - - -0.20 -0.56
65 15.60 -0.25 0.46
69 12.74 -0.15 0.36
73 11.19 _ -0.10 0.22
75 ¢+ 14.15 - =0.30 0.5%
76 13.46 -0.28. 0.54
82 14.36 . -0.19 0.70
98 . .. 12.11 <+ =0.09 0.10
157 . 12.19 . -0.22 0.31
158  12.53 . . -0.23 0.28
176 11.08 . T~0,13 0.39
191 . 11.02 - -0.14 0.36
192. 10.81 .,  -0.08 0.01
‘198 12.31 o-0.21 0.43
199 AXTe1L T -0.20 0.61
201 11.31 -0.16 0.29
205 14.23 —0.20 0.48
207 21.77 -0.13 0.30

Ex¢ess¢s'given are adjusted to an
equivalent B0 star reddening using
equations (9) .and. (10) .

-
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.

variable Extinction Plot for GT Carinae Field

-A solid line of slope R=3.1 is shown at Vo—pv=

12.07 corresponding to the distance of the

Carins OB1 ngbula complex. A dashed line is
also shown at Vo—Mv=1 3.40 represerting a possible

background association as discussed in the
text. Error bars represent *0.39 mag in V—Mv

. and 10.02 in E(B-V).

The predicted poéition of GT Car is also
indicated as discussed in the text.
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'Mv by déreddening,étars in the CC diagram to the -ZAMS
-relation. The colpur;egéesses of Table VITI and figuré 14 h
arg adjusted to the eqﬁivaient"reddening of a BO star |
uéinglequatéons (9) andl(lgj, as expléihéd ]étor in this

section. - | ‘

Figure 14 is essentially'a'séatter plot with most of
the stars being probable members of Car OBl. A few (3)

reddened‘disfant stars are detected with V-Mv>15. They
repreégnt membegs'of a more distant backéréund assocjétjon'
tbé existence of which ié éanirmeé by spéétroséopib,data
'ﬁféeé Section vic) . Thig.background grbdp is indicated

Z.by tEE'daéhed line in'Figure 14 at VOTMV=13-AO (4.8 kpc) .~
in”ordef to place GT Cgr‘in Figure 14 we make use of .

the following data for this Cepheid (Madore 1975):

<U> = 15.44.
<B>'.= 14.35
<V> = 12.91 .
) P = 13.162d
log P(d) =-1.119, -
where the <> symbols represent intensity means. The use of

Madore's data with the périod—luminosity and perjod—coiour
relations of van dén Bergh (1977), namely

M<v> = -1.18 - 2.90 log P- . (7)

v

‘[<B>-<V>]o = 0.27 + 0.48 log P S8y
yields the following predicted values for GT Car:
M<y> = -4.43 10.26

(<B>-<V>]o = 0.81 +0.06



, 4“E(B—V) :'0.63~i6,05'
V-My = i7.34‘fdl26
Observétionaily'énd tﬁeoretiCally it-ié recogoized
that stmC ot w1dely d1ffer1ng Qpcctral types exhlblt
"dlfferent colour excesses when seen throngh 1dehtlca1
amounfc of interstellar duqt ThJs is duo to the vaglatlon
: of each - f11ter’° eifectxve wa?elength with gpectra} type
and. reddenlng To comparo GT ‘Car with the fleld B stars
in Flgure:lA,-lt 1€ therefore necessary to allow for the
,intrinsical]y redder“nature of the Cepheid. iTo do .so,
the fo]loﬁiné:reloﬁions from Fernie (196§5 are used:
) T 0.97 —”0.0?(B—V)o - ~(9)

E[B—V]‘(BO)?—;E[é—V]/r\, o . - (a0

At ‘e

.yleldlng an equ1va1ent BO star colour excess for GT Car
of F(B~V)“O 70.

Tt is évident.ffoﬁ Figure 14 that GT Carinae is
preoicted to be too distant for any association:or-clué—~
ter in 1ts vicinity to be detected within the magnltude.
llmltq of thls survey --It is very llkply a background
'object"to our snrvpy stars, being more dlstant than elther
.othe Carlna OB1 nebula comp]ex or the ‘more dlstant group
-at 4.8 kpc. A llne (not. shown) of s]ope R 3.1 drawn through -
'the position of GT Carlnae in Flgure 14 places the Cepheld

at <V>O—MV=1J.17 correspondlng to a distance of 10. 8 kpe!

The data of Flgure 14 are also of 1ntere5t with regard
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to the value of R in this reqlon. At'variouq times in the

past the region of the Groat Carlna Nebula has b@en sug-

ge°t9d to contaln dust clouds which.give rise, to anomaIOUq

.extlnctlon with a value of R near 5 .(see Herbqt 1076)

A similarly steep trend in the data of Figure 14 might

"lead to the Suspicion thaf stars near GT Car could also

be subject to an anomaldus.extinction law. However, the

effects, of -random errors in the phofométry are an impor-

tant con51dorat10n for the present data, and for the--

'qtars in guestion (early B Lype) th1q can produce a sys-

[temat;c scattg;m;n F}gure 14 whlch tends to mimic a

large R value (seé Garrison 1970,—Turner and Moffat 1980) .

These effects are considered in more d&tail in.section V.

.?ortunately, interstellar reddening dominates the effecté:

of photometric errors here, and the gencral trend of the
data 1n the flgure does appear to suggest a normal valuo

of R near 3. A much stronger case for a normal va]ue of R

"in this region can be made'u51ng the data)for stars near

U_Carinée (see Section VI), but ‘there are at least no

D . - . .
distinct"fqatures:in.Figure 14 which dindicate any com-

.-pellingrneed tO‘ianké:an abnormal'value of R in this

field. Moreéver: even an abnormally large value for ‘this

region would not effect our conclus1ops regardlng GT car.

- +

 It appears qulte cerfaln that thlS Ccpheld is more dlstant

{
than any of ‘the B stars in. 1ts v1p1n1ty that were 1nc1uded

in our survey.
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V 'The Field of Trumpler 17

{a). Qhotohetry end Field ﬁeddening

The.open ciﬁeter Trumpler 17 lies some'BO' horthwest
of GT car at Rra 10" 54'.2. dec -58° 57 (1950. 0). and-
falls we]] within the fleld of our photngraph1c plﬂtes
Prev1ou photometrlc 1nvest1gatlons of this c1ueter 1nclude.
._thp uBv study by Shexr (1964) and a more recent qtudy u51ng__
RGUrphotometry,car;ied out by Steppe (1977). Of the 49
stars originally meesuted by Sher,‘only 23.were:sqf§icien—
tly free from'crowding onihlate #CF2108 to be‘confidently
meacufed Stars 57 and 59 were 1ncorporated in the study
that fol]owq 1dopt1ng the ad]usted photoelectrlc data in”
Table IV "An addlflonal 19 stars were obtalned by trans—
formlng the photometry of Sherx- to that of this study. u51ng
the stars 1lsted ‘in Table VTII and the follow1ng .

" relations derlved betweeh-the.present photometry and:

- thet of'Sher; ‘ ‘

(V)danks = 0. 986(V)qher[10 0103 '+ 0. 22(40. 12] Co (1)

(B-V)danks = 1. 21(5 V)sher[io 152] - 0.089[&0.08]' (17)

(0—B)danks

M

where the '[]'bsymbols enclose errors in slope and lnter—

to - :
cept. Equations (11) through (13) have standard devlatlohs

0. 704(U B)sher[tO 095] - 0.016[+0.02] (13)‘)
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Table VIIL

Stars used tq transform the photometry of

Sher(1964) to’ that of. this study /
: : . Y,
B L T TR TSI S TR oI T T L T T L N A T I S I IR S T SR =e e /
- (Danks}. (Sher)

Starx Vv - B-V U-B \ B-V U-B
4 12.46 0.41  -0.28 12.40 -0.42 "-0.26

5 11.28 0.47. -0.15 12.20 0.52. -0.18
11 " 13.8% 0.50 0.06 13.81 0.50 -0.02
13 11.82 0.47 ~0.14 11.83 0.41 -0.19
14 11.8% 0.40  -0.14 11.78 0.40 -0.24
16 12,25 0.39 -=0.05 °© 12.18 0,42 ~0.11
19  11.63 0.48 -0.40  11.58 0.52 -0.50
27 11.86 Q.43 ~-0.16- ‘11.77  0.44 . -0.06
30 13.30 .0.55 | -0.04 13.27 Q.52 . 0.10
34 - 12.26 0.57  -0:15 12.26 70.50°.-0.16
.37 12.80. 0.53  -0.07 - 12.75 0.51 -0.14
/38 . 12.68 0.42  =0.02 12.68 0.48 -0105-
41 13.41 0.50 0.08 13.31 0.58 0.02
43 14.23 0.85 . -0.0% - 14.23 0.79 - 0.12
44 13.42 0.65 0.05 ° '13.42 0.54  0.04
47 12.57 0.56 -0.14 _ 12.50 0.53 -0.21
48  13.56 0.62 -0.03 .13.49 0.53 ~0-04
.49 13.77 0.74 -0.09 . 13.76 0.61 -0.13
58 13.56 0.63 -0.06 _ . 13.49 ~0Q:57 -0.06

#*The numbering of .Sher (1964) is retained

_of '$0.035 mag in"V, +0.056 mag in. B-V- and 40.057 mag in.U-B,

[respectively,“fbr the'stars in Table VIIX. The stars of

Tr@mpler 17 are identified:bn~the Vv band ‘finder chart(give%

| . . . . . . R . . R
H
|

in!Figurél3..THe numbering system of éhef,ié retained. “All"

_étérs iisted by Sher‘afellabelled,-but numbers 2, 15, 31,

53 ‘and 56 were too red to be confidéntlymtransformed using

equations'(ll) through (13). These.stars are therefore not



included in the discussion which follbws. Transformed

V- magnitudés and colours for those stars included in the

analysis.are iisted,in Tab1e IX. cC and'cM diagramé‘for

Trumpler 17 are gi?en in Figures 15 and 16 respectively.
Tablé TX

Stérsvin.Eield of Trumpler 17

Star v B-V U-B

1 14.56 1.03 0.24

3 13.39 .0.59 0.26

4 12.46 0.41 ~0.28

5 11.28 0.47 -0.15

13 13.91 0.63 ~-0.02

7 -10.37 0.41 ~0.04

8.+ . 13,62 0.51- 0.10"0

9 ~ 13.45 . 0.55 o 0.13 .
10 ' 14.34°° 0.76 0.03
11 13.871. 0.50 0.06

I3 - S 11.82 . S 0:47 . . -0.14
14 - 11.81 - 0.40 . - -0.14
16 . .° 12.25 0.39 ~0.05
17 . 13.3%1 0.75. 0 0.13

19 - 11163 - 0.48 - -0.40
21 ©13.53 1.16 0.41
22 14. 50 1.01 0.32
23 14.26 0.89 0.14
24. 14:.37 0.56 . -0.10
S 27 11.8%6 . 0.43 © -0.16
28 14.08 0.89" 0.41
30 13.30 . 0.55 ~-0.04
32 13.20. 0.65 0.17
33 14.32 0.83 0.31°
34 12.26 g 8.57 ~-0.15

.\)'
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Table iX-continued

Star v B-V . U-B
37 12.80 0.53 ~0.07
38 12.68 0.42 -0.02
39 14.12 0.77 0.13
40 14.14 0.60 0.11
41 13.41 0.50 0.08
43 ©.14.23 0.85 . -0.01

c 44 . C13.42 0.65 . 0.05
45 11.69 1.21 ’ 0.47
46 - 12.86 0.42 ~0.05
17. 12.57 0.56 . ~-Q.14
49 T 13.77 0.74 - =0.09.
52 . 14.32 0.90 0.11
54 14.52 0.57 : "0.15
55 14.41 0.75 * ©0.13
57 - 11.48 1.04 © 0279
58 13.56 0.63 - -0.06
59 .~ .9.80. 0.06 © =0.04
60 . 11. 64 0.33 - T ~0.20

In thlq sectlon we - shall determlne both the dJs—

‘tance to and the age . of T{ympler 17. To do so 1t‘w111'

be necessary to cull field éﬁqﬁs from Table IX, Flguro
' &5 .and Figure 16 Several factors need be- ConsjdGred
prior to acceptlng or rejectlnq a glven star as a clus-
ter member. Among these are the 1nterrelat30n°'of
cbloﬁr excess distance mddulus and spatial locatiOn‘
as well as the p051t10n of a staY ‘with respevt ﬁoNtﬁek'
: g

ZAMS relatlon in’ an 1ntr1n51c CM d1agram Thus, to be

! con51dered a cluster member it 1s'de51rab}e that:
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Error bars depicted ere. for one standard ©

deviation-as expleined in the text. ,
“relation is ‘from Johnson (1 966). . A 83 star

ZAMS

teddening line of slope 0.75 and a minimum
reddening retation for B dwarf cluster mem-.

bers of EB-Y=0.50 dre shown.
-stars are discussed in the text. -
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1

l.iihlstaf's:colour excessvnot be Giseordant with |
iﬁmediately adjacent clustervstars.~
' ?;-.The positieh ef‘tge star in the V-MV versus’
EéB—V) plene should be consistent with ‘other
eldsﬁer members . -This;fe@uiges én appreeiation
bf the effectsvef eystematic errers in variable'
extincéion:analyéis which will ‘be diecussed
. presently.
3:“A star lie near.the lihe fit to the cluetef
{sequence in an JntTlnle CM dxagram .StarS'
'1y1nq apprec;ably blueward of the ZAMS relation
fit to uhevolved cluster stars, for ekample,
are unllkely to be members
‘Tn the d]SCUSSlODb to follow we shall therefcre refer to
the field reddenlng apo varlable‘extlnctlon charts as
aids in determinipg the group membership quesﬁion as well
;aS«ﬁhe;CC'end inﬁrinéic CM;diagrams.
| 'An'obvious feeture of T;%mpier 17, wﬁich'will 5ééome
evideht i% the vafiagle/extiﬁetion‘plot“end field red-
:denihd~cﬁert,.is'the‘existence'of differentiél reddening
across the face ef the clusfer This characteristic
suggeets use of the fele dlagram in, determ1n1ng membershlp
as follows 3\ reddenlng llne of slope 0.75 was fit to

the upper envelope of cluster stars in Flgure 15 " This

reddenlng 11ne crosses the 1ntr1n51c rplatlon at the

'
3

seid
e



A

4¢810urs of a B3 star, which ptggumab]y répresenté the blue

limit for the cluster-turnoff point. A minimum reddening

relation for Trumpler 17 B dwarfs of E(B-V)=0.50 is also-

.dépictéd, and can be interpreted as the minimum foreground

reddening to the cluster.'starsulocated outside of the red-

dening 'wedge' formed by the intersection df.theée two
lines are likely field st&rs in¥hat they exhibit colour

edcesses or intrinsic colours .incompatible with the bulk

‘of clustef‘staré: we will retufn to'considef the case of

these and other stars 1nd1v1dua11y identified in F1gure

15 durlng dlsougslon of the variable extlnctlon analysxc'

-

.or with reference to the Jntr3n91c CM diagram.

A
All ‘'stars in Tab]e IX were used to conqtrupt a

varlable extlnctlon plot for the fle]d ‘of Trump]er 17
This appears in Figure 17 w1th the data~tabulated in:

Table X. The colour excesses gaven in the table were.

“&ﬁ)usted to an equ1va1ent B{ stan reddenlng usanq

equatlons (9) and (10). Prior to dlsqu551ng Flgure 17
it is'apprqpriéte to first_treat‘the question of sys-

tematic errors in the variable extinction technique.

(b) Errors in Variable Extinction Analysis
An attempt to fit a single iing to all the stars
of F}guve 17 results in a value of R near 8, .an implahsibly .

high value for the ratio of total to SelPCt]VP extlnctlon

.

G
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Table” X . ' N L
o Distance Moduli, sColour Excesses and Intrinsic_: v
L. " : ~ Colours for the Stars of Trumpler 17° -
. ° .‘ ,._________._:,._,_____.-‘. _':'.:-‘r % —== 3 . ptati—y
R - Y. Star . V- Mv - Vo  (B-V)o (U-B)o E(B-V)
1 15.21 10.72 -0.19 ~0.76 1.24
3 12 .44 11.28 =0.07° " -0.24 0.68
4 13 .46 10:51° -0.21., -0:.75 0.63.
g 5 11.76 9.23 -0.18 -0.63 0.66
. 6 14.23 11..40 ~0.17 . —-0,61 0.81
7 i0.14°  8.67 -0.13 ~0.44 ' .-0.55
.8 ©13.13 © 11.67 -0.11 *.-0.36 0.63
9 12.84 11.40 =0.10. -D.34 0.66
. 10 14.99 11.36 -0.19. =-0.68 0.96
11:. - 13.45 -11.86° -0.12 -0.40 0.63
13 0 12714 . 9.77  -0.17 =0.61  0.65
14 .. . 11.98 . 10.04 -0.16 -0.55 £ 0.57
16, . 11.89 10.64 -0.12 - -0.43. . 0.52 &
17 . i3.21  .10.49° ~0.15 ' .-0.53 0.91 %R _—
19 - - 13.53 9.34 -0.26 -0.95 0.74 % o
‘21% © '13.56 ~ 9.41 -0:15 -0.54,  1.33
22 14.53 10.84° -0.15  ~-0.53 1.18
. 231 14.91 10.85 -0.18 -0.66 -1.10
24 12.29 . 12.26 -0.12° -0.41"  0:68 , o
27 12.18 9.97  -0.17 .-0.60 0.61. . - .
28.- . 13.35 ' 11.08 ‘50109'a;—o.32 ©1.00
3057 13,47 . 11.07 " -0.16 - :-0.56 0.72
- ... 327 12.84 10.77. -Q.12  -0.41 0.79 . .
o 33, - 13.83 ' 11.35 -0.11 -0.40 =~ 0.96 .
34 . 13.09 °  9.84 -0.20 -0.73 S 0.78 -
. 37 1397 - 10.63  -0.16 - ~0.57 ~  0.70
el . 38" . 12.32°° 10.98 -0.12  -0.43 .- '0.55
o e YA 39 ). 14.15° 10.93 -0.15 .-0.54 = '1.02
SN T .. 2. 40r . 13.91 . 11.85 -0.13 -0.43 . 0.74 .
" : S Tearc 12.92 . 11490 -0.11 +0.377 1 0.62 ’
43 15.58 . 10.88 -0.23  -0.82 1.08
" e 44 13.45 ~ 10.91 -0.15  -0.51 0.81"
45 14.95 "7.41 -0.15 7 +0.52 1.38 -
16 12.63 11.12 -0.13 -0.46 0..56..
47 13.40 . 10.18 -0.20 ~0.71 .77 -
S S o S S S S
T Y . v . ..
s : S .
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Table X ‘continued

_ star |V - My vo (B V)o (U B)o %(B~V)
Tse 1388 11.08 -0.17  <0.61 .  0.80
© .7 49 S 15.32 10.73 -0.23 -0.81 . 0.98
. 52 ©15.15 10.88 -0.20 -0.71 -  1.11
54:  -13.91 12.42 -0.10  =0.35 0.68 .
55t . 14.44_ 11.56 -0.15 - ~0.53 0.92
57 © 9.44 8.44 '0.20 - 0.l0  0.98
58: - 14.21 10.99 -0.19 ~0.68" 0.83
59 8.55" 9.49 -0.04 ~ -0.11 =~ 0.10
60 11.81 10.12 ~0.16  -0.55 0.50

: Denotes stars used to determine the distance
of "Trumpler 17. See text for a discussion.

Excesses-given are adjustea to an equivalent
BO star reddening using equations’ (9) and "(10).

—

evern for the Carina Nebula reglon- In any‘ﬁariable extinc-

‘_tlon analyq1s based on photometrjc data there are several

Y

~

processes which act to.drlve stars from.the relatlon‘defined

v

'by the 1ntr1ns1c value of R 1nd1cated by equatlon (6f{

Among these are the effects of random scatter 1n the CC
plﬁne caused by photometrlc errors. " Sueh errors translate

1nto SYStemath scatter 1n the varlable extJnctlon dlaqram

‘:produc1ng art1f1c1ally large values of - R (Turner ]976)

>

This systematlc pffect results from the tech?lque of uc;ng

a reddenlng 11ne 1n the CC plane to deredden star*\- The>
N .
teohnlque leads to a dlrect correlatlon between the deTlVLd

< . ' . . . ".
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Figure 17

Variable E)ktinciion Plot for Trumpler 17 Field
A line of slope R=3.1is shown at _vO---M\'f1=1 1.5 4
fitted to 11 stars in the range 13 <[V—Mv]<1 5.
A line is also .shown represanting the (‘ar 0BT
Complex at Vo-Mv=1 207 The dashed line “at

No+-Mv=13.40 (epresents h:l background association

as in Figure 1 4. See text for details. Error :
bars are for *0.39 m'ag in V—=Mv and +0.02 mag
m E(B--V)..
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vdlues of Mv (and'hence V—Mvi and EkB—V)Ain the:sense that
¢h unﬁegestimate.of one"due to-scaﬁﬁer loaas_to'an underes—
. timate 1in the oeher. Conversely, -an overesﬁfmaﬁe-of E(uﬁV)
leads to an ovérestiuate in V-Mv. Ranéom scatter in URV
photometly therefOre acts to drive s%ars touards either
. the upper 1eft or the 1ower rlght hand corner of the
(V-Mv)-E(B-V) plaue, 1ead1ng to values of R that are sys-
teuatically too Hidh. In addition to-phbtometric errors,
the 1cc1denta1 inclusion of foreground and/or baoquound
' fleld stars in the ana]y51s will also skew the.results
ltoward erroneously hlgh values of R. |
Tt was assumed durlng the dereddeulng proccss that
.all stars were ZAMS objects. Values of Mv thus obtalped
- from <B~v)o—Mv(ZAMS) relaﬁionS'é;e-actual;y'upper'iimiﬁsv
in that the 1umiﬁositieg'de£ived for evolved objects
are insufficiently 1uuiuous. ‘Indicated colour excesses

-of'such objects will, in éddition, téno to begsomewﬁat ove;;‘
‘:"estimated as well. Thusﬁ‘the plotféd'oosﬁtjons of“non—maiuz
rsequence stars ‘in the variable extlnctton d]agram w1ll be'j
:shlfted towards 1owar values of V~Mv and (s ]ighfly) hlghor
values of’ E(B~V).x‘ ‘ ‘ '
“ The'inédVertent iho]usion of binaf§ stéfs in the.
5ana1ys1s produces a 51m1]ar sh1ft toward lowcr values

of V-Mv as a consequehce of these ob]ects' apparent mag-

: hitudes being more luminous'than those of ‘'single stars.
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In appreciation of these syetémaﬁic errors towards
smaller values in V-Mv, “we determine distaﬁces in the
: varlable ext1nct1on dlaqram by flttlng a line of approp—

‘rlate slope to the mean pogwt1on of stars Jylng WIthln an

error bar of the bottom envelope of group members.

-{of,bistance to:T;ompien 17
In Figure 17, in-additioﬁ to 3.stars of V;ﬁvélolé,
S we observe a Eiusterjng'abont V—Mv~12" an (BvV) 0.60.
These objectq are judged to lie above the ]1ne deflnlng
-the 1ntr1n51o value of R for the.reasohs dlscossed p;ev~
'.jously. qﬁar number 59, of F(B—V)eo 10, isqobviooeiy e.
for@qround field star as is clearly ev1dent from its

\

position in Flgure 15. Star 7 is an evolved objict
’as'is.epparent,from'its location in the 1ntr1n51c.CM‘
plane presented ih'Fiéufe 19. Most of the stars 1nc1uded
in fhe clgsiefihg about V-Mv~12.5 and E(B—V)~O 60 are also -
evo]ved c]ustef mehbersA. Multlple reddenxng solutlons for
star numbexr 57 (Figure 15)° 1ndlcate h%ls object to be
elther a sllghtly\reddened foreground K dwarf or an A sfar
ffof E(B-V);o.gg. .We-addpt‘tﬁe létter'solution here.baeed.
"upon the recultlng colour excess belng 51m11ar to that

of nearby star nuhber 58 1n the fleld reddenlng rharf
‘given in Flgure 18. Star 57 JS plotted accofdlngly ln.'

'Figures”17 and 19, but"avquestlon mark is placed beside
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,
its~positioﬁ in £he intrinsic CM'placeito emphasjzé'chc
'pncertainfy as fo ﬁhc.Qpectrai type of thjs cbﬁect.l

- The two objects of lﬁrgc;t v Mv and corrospondjnqu-
large reddenings in Flgure 17, :tdrs 43 and 495 are

foucd in'imﬁédiate broximgcy to-a band of.ob%curfng.
‘matter qklftjng the northeastern boundary of the cluc—e
.ter as ana1yqed on the field Ieddenlng chart given in
Flgure 18. - Thlq area of h]ghcr obscuration is eVJdent

as a duqt cloud on the ESO(%ITa*J plate Whl] 1t 13
p0551ble that’ theso stars suffer heavy redden)ng as-a
result and reéresent a locallsed area with R>3. 1, it

is 1mportant to noté that they’also‘llc abovc the B3

rtar reddenlng llne in Flgure 15. Since it wbcld be

' an un]1kely c01nc1dence for two of the youngcst c]ugteg
stars to lie out51de the‘cluster proper in a pocket
of.anomalous extlnctlon' it is, conc]uded that stars 431
and 49 are moreillkely to be background ctar: wLLh.res-

.lso a llk@]y background

pect to Trumpler 17. Star 10

star, for similar reasons. Ke of slope R=3.“_is'

.0

shown in Figuré 17 at vo-Mv=X2.07 representing.the'djstance

of the Car 0B1 complex | .Stéx s 10, 43 and 49 fit the rela-
tion wel], 1nd1cat1ng that Cak OBl cxfcnds into thc field'u,
}Of Truﬁﬁler 17.'It should be noted that the 1ocation of ali
:three stars in the 1ntr1nsic CM plane blueward of the tan~

~dard sequence fitted to the cluster (Flgure 19)7 nges
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added weight to the interpretation of their being non- ﬁ

members . o . LT I
l To detcrmlne the dletance to Tr 15 a llne of T
:slcpe R= 3 1 was flt to the objects lylnq within’ a 51n§le
-error bar of the bbttom envelope Of stars WJrh V-Mv313.
..Stars 10, 43 and 49 were excluded for~the reasons just
diScdssedl Star 1 was’ e;c]uded on.the ba51s of its colour.
excess (1.24) beJng markedly d)fferent from .the reddenlng¢
cf,ité immediace neighbours‘” Thls.star~}s both felnt and
‘red (V£14.56, B~V=1.03), suggesting.the poséibiiity of
phctometric error-' Star 19 was aiso excludedias a clusten
member, from consﬁderetjén>of its ahomalous position in
both FJgure 15 and the intrinsic CM plane (k%he 11 stars“
Hselected for-determlnlng the dwstance to Trumpler 17 (note
that stars 4 and 11 appear superlmposed in Flgure 17) are
de51gnated by colons in Table X. A 11ne of S]Ope R=3.1"1is
drawn through the mean p051tlon of these 11 stars, yielding
Vo-Mv=11.54 }O.39_mégn Trumpler 17 therefore 11es at a
distance of 2.0;10.4 kpc, a value ln better agreement w1th
.the 2.2 kpc found by Qteppe (1977) than w1th the 1.4 kpc
1nd1c1ted by the earller work of Sher (1964) ' ‘. ,
;)\ space reddenlnq chart for the field of Trumpler 17
-is" glven in FJgure 18 In contonr1ng this chart reference
was’ made to the ESO IITa- J plate to supplement the E(B V)
‘data. ‘The‘area of high extlnctaon,to the northeast of the .

-
¢



Figure 18 '
Field Roddehlng Chart tor Trumpler 17
The colour” excesses of Trumpler 17 members in Tab!e
X are pfotted . The ftield is”contoured with respgct :

to the excesses shown and model!ed to areas of obvious
fleld obscuratron on the ESO lila—J. plate. The

~ area of hngn extinction” on the northeast shoulder '

of the cluster is evident 83 8 dust cloud on the ESO -

“survey. ‘The central regton q! the cluster appears

to be relatively dust ‘tree. See the text for "a brief
discussion. '



: |
cluster core is;gleafiy'evident as an opaque dust'cloud on
the ESO sorvey'ano manifests itself as arpnonounced deficio
of -stars in tnis oorﬁion of tne fidufe. Theé colour excesses
olotted scem to indiéate:the-olusper oentre £o be relatively
duse f:ee when conpapedfﬁo the surrounding'field_' Thie:may'

. pe é chance effect broducea by Ehe_shape of.a foreground

dust cloud. Howevef it may also indicate the existence of .
a caVJty in a Cchumclmster dust cloud exoevated by rad1aflon
”pre%ane arid/or stellar w1nds from c]ustex members . .VInves~
.tigations of NGC‘SQl, 6834 and 7380 by Moffat (1971,‘1972).
imply the existence -of similar central oevities.in the space

reddenings of these other yonng clusters.“

(d) Age of Trumpler 17
All stars in Table IX were used to construct ‘the
_1ntr;nsnc CM dlagram fori}rumpler 17 shown in Flgure 19.
Values of Vo, (B V)o and (U ‘BYo are 1nc]uded in Table"
Xi "The scale ratlo of Vor (B V)o has been expanded to 10:1
to aQSlSt in flttJng ‘the main- sequence and locatlng the
colour of‘the turnoff point: Qhe_standard seqqence is
deplcted at Vo- Mv*lT 54 .as derived from'the'vayiable )
. extlnctlon ana]y51s dlscussed prev1ously‘
Con31derab1e scatter about the standerd sequenoegis‘

.evident. Slncc we are us:ng photographlc data at a 1arge

(B- V)o scale expan51on 1t is not - unreasonable to assume ‘\,
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. Figure 19
. Intrinsic. CM Diag'ram for Trumpler 17

The ZAMS of Turner (1976) is shown for Vo-Mvs=1154
as determined by a variable ‘extinction analysis. Stars -
determined to be non—members of the cluster are plotted
as open circles. Tne mtorrogat:on mark near star #57

" indicates the uncertainty of the SpT for this star as
discussed in the text.

The Trumpter 17'sequence shown as a dashed lipe is

fitted by hsnd.” The bluest colour reached b/ the cluster
sequence is'estimated to be —0.18 $0.01 mag. in (8~=V)o ,
- The age of Trur_npler 17 is discussed in the} text. i
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that moqt of this ecatfer can be attrlbufed to random errors
1n the photographlc photometry " We have a“rpady notpd
several stars in Table TX that are ‘unlikely to be members
of Trumpler 17. 'In Flgurc 19 the%e probab]e field stars are
plotted?ac open c1rc]es fn addition to objects alrEady "dis-
cussed, stars 28,~35J 39 and 45 are shown os-oon}members o
since their.reddeninge'éfe-mafkeoly different from those

of closely adjacent'etars_f Star 3, lfing well to ﬁbe;réﬂ
o . AR o .

. of the standard sequence is also ﬁlotted as annon:memberl

o 3 v

“The. Scatter in Flgure 19, makes it difficult to fit

“

the«stanaard “sedquence with confidence, but the shift of

11 54 mag ouggcsted by ‘our variébie extinction anelysie

seemk qutL satlsfactory This is taken as corroboration

for. the .distance derived here.for Trumpler 17; i.e. 2.0

~‘t0.4k§cfl

We show ip Flgure 19 a handflt to the @luster maln—

'eequence and estlmate the bluest colour reached to- be

(B V)o*—o 18 tO 01 mag (a’ spectral type equlva]ent of about

._B4y.»U51hg the.theoretlcal 1sochrones.of Maeder'and.Mer—

m1111od (1981), we estlmate the age of Trumpler 17 to ‘be
50 411 X 10 years. . An unpubllshed relation of Turner,

whlch 15 also ‘based on theoret1ca1 modelq yields a OOmf

v’

‘6 .
pwrable age of 52 X 10 years for a -main-= seguence turnoff

of (B—V)o=~0:18. ‘This relation is‘quoted for reference

purposes below:



AN

'1og;t (in 10% v) = 9.19 + 8.20(B-V)o o | o (14)
Aﬁ‘age of 50.millfgﬁ,yeafs‘is cénsiderabiy im éﬁCeSSjof |
the ages estjhatéd’fér'any_knoQﬁ éssocjatién of OB.staré,
oY, any lpng—period Cepheiqp Wé gﬁgpeforp Suggest.that,Trumm

pler 17 is a sparse cluster which.is both older than-and

-foreground to -the stars in its vicinity which belong to

" 'the Car OBl association..
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VI '~ The Field of U Catinee
e = ‘
ﬂ(af.Preliminary Remarks
'The bright, long-period [<v>=6.2§3f P=38.76144) Cep-
h moos ..

S .
‘h01d U Carinde [ RA 100 55 46 dec -59°27'.8 1950].

falls well thhln the’ fleld of our photographnc p]wtes

-4tFigure 3a, pl?]. Thls is one of the 1ongest perlod Cephelds'

io'the Ga]hxy-éhd is therefore of partlcular value in Lhe
ca11b11t1on of the hlqh luminosity end of the P-1, re1at]on
‘Furthermore its brlghtness suggested a much better possib-—
111ty of deteCLlng assoc1ated stars w1th our plate mater]al
than was the case.for GT Car. Therefore, the fleld of U Car
was examined'dnd analysed using similar technlques.as were
applied -to the'fields of Trumpler.17 and‘GT berf In ééd—
itioo, data for stars'lying ﬁithin 2eQegrees of U Car were' -
' selected from southern OB star;catalodﬁes and analysed
lusing»the variable extinction.method to detect likely

associates of the Cepheid.

" (b).Field Reddening
To complement the variable extinction plot and
space reddenlng chart of the U Car fleld we have made

use of thp photometry publlshed 1n van den Bergh et al.

AN
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from a least squares: fit:
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Y

. (1984). To maintain consistency with the photometry of

this study; that of van den Bergh et_ﬁi;%was tfansfofheé

hsiﬁg the early-type -stars listed in Table Xi, Qbich were

measured on our plates, and the following relations derived

a

(V)danks = 0.942(V)vdb(40.024] *+ 0.72(+0.32] ~ (15)

“(BfV)dénks 0.859(B-V)vadb([+0.146] + 0.06[+0.30] (16) .

(U?B)danks‘=.O.739(U—B)vdb[io.0é8] - 0.07[&0.021 (17)

. where the -'[]' symbols enclose errof\vaiues_for slope |

and_intér&éptﬂ'Equations (15) thféugh-(]?) have.standard .

deviations of +0.034 mag in V, +0.029 in B-V and 40.023

in U-B for the stars of Table XT..

Table XX

. Stars Usgd‘to-TranSform the Photometry of
van den Bergh et al. (1984) to.that .of
! : this study

(Danks) ‘ - -7 (vdB)
Star* 'V B-V . U-B v .. B-V U-B
37 12.88 . 0.20 -0.14 12.90 0.15 -0.06
a4 12.16. 0.14 -0.35 12.18 09 -0.38
135 12.71 0.10 -0.16 12.75 0.11  =-0.12
154 13.15° 0.28 -0.18 13.17 .0.28 ~0.15
230 13.76 0.24 -0.16 13.92. 0.16 -0.17
288 '13.48 0.22 -0.33 13.57 0.16 -0.31
294 13.78 0.27 -0.18 " 13.83 7 0.25 ~0.14
322 13.15 0.33 -0.20 13.20 0.31 -0.21

_Data for the stars in the U Car field, including
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the stars meaqured for thlS study aé wel] as vplues
.Iobtalned by tran forming the photomctry of van. den Bergh
et al., are listed in Table XII.‘_Tbe'tabplated co}our
' éxcesses’@efe aajustéd-fo an-eqﬁivaleﬂt BO éf§} geQ§ening
?‘Lanng*equatlons (9) and (10\ Stafs wéig dereddéhgd,to'
:~?>;- ‘ the intrinsic relation of Uohnson (]966) A réadening
11ne of slope E(U- B)/F(B V)“O 75 was. used, as adobééd
‘ .L ‘ _~for the GT Caripae field. The rorrespond:ng verlable
T o extlnctlon p]otias glven 1anlgure 20. Errxor bars shown
'probab1y>dolnot,reflect,the truelugqertainty'aésoc;é;ed-
'iwith‘moie,disténf objécﬁé'éﬁgfto‘é.léék'éf sui£ab1y faiﬁti
fi .1 - S stéf;'used to‘dérive‘thé éransféfmatioﬁ'reiafiogs.givénf |
in-equations (iS) ﬁb‘(i7);b Howé&er és'only stars lyir‘;(;;"i
‘1eqs dlstdnt fhan the Car OBl a55001at10n were’ uged Jn . : f;.
der1v1ng‘a reddenln% for the U Car fleld this object1on “
is. not con51dered serious. ‘“)u ‘ 5.
‘{,;- '? -'-j ': -' To detormlne the po=1t10n of U‘Car 1n Flgure 201' - ;:;
B T we used thghva}ues /V\~6 273 and P =38. 76]4d ﬁor thlS o T\kwt
_>:ﬂtar tabulated by Schalfenbrand and Tammann (1971)
- The perloéilum1n051ty relatlon of van den Bergh (egn 5)
3?33 :'" -u..f ylolds Mv*-S 79 tO 26 for a Cephnld of fhls perlod =
| | ‘Fernle and Hube (1968) quote.~5 93 for the absolutp mag~’
jnlfude of thlS star ‘as computed from Fern1e -s perlod—

- ff lum;noSlty rel@tlon A mean of theSe values for M<v> 1s
. R4

- adopted here’ ‘We‘thus.ﬂalculate <V>—M<v>—12 13 for U car.

-
-




L e G - - Table "XTT e

Data for Stars 'in The U Carinae Field

= === mmnn u:c;;:_;:::;,‘:v_:::;::;;:r{:ni:;.

star v .’ TB-V ', U-B (B-V)o'  U-Mv E(B-V)

0 0
. 0.82 -0.03 -0.22 16.01 -  .1.05 *
15.27 - 0:667 -0.01° -0.17  ~15.59 . ©.84
"0.49 -0:03 - -0.14 14:.23 -0
0 0

. .61
.76 70.08 -0.17 . 15.58

?@; 214.27 .66 ~ 6.20 -~ 0.39 . 110.812  _ 0.29
- ;
4
5
6 .94
.75 0.21 . 0.44 29.60 . 0.33
.69 -=0.112 - 0.22  16.31 0.92 -
‘ 17 0 . 15.23 - 1.04
0
0

a -

10: 14791
11 - 15.13

o 0.48 _ 0.06 * . -0.11  14.64 .60
N 14 .- 14.40 -

57 . —=0203° .-0,16 ° 14.57 - .74

cco0 00
o,
n
o
}—l
(6]
i
o

14 =0.17 i5:3 .03
.02 ..-0.24 ~ . 16.08 14

15 - 15.05 .. 0. 1
1
L05 0 12.43 - . 0142
0
0

16  14.56
17: 13.58 .
18 - 14.73 &
19 S 14.72

.12 . -0.15 - 14.76 -+ 0.55
.07, —0.04 . 14.62 .29

ococod
Lo
»
cocoo
=)
)
»
o

22° 13.79°  ,0:45 . —-Q.11- =0.20 ~ 14.62 - +0.66
23 . 14.14 0. . T .r0.14 . 13.33.° . 0.75
24: 7 .12.35 0 770.26 0.03 /- -0.07 -11.40 0.34 "
0 0
0 0

S 250 0. 13.82° 0.49 =-0.10 . ~0.19 14:47 .69 ‘
S 26; © 13.47 . 0.68 " " !
' R 27 14,27

S 29: y
31
- o T 3 2 : s
S s

.54 0.00 --0.14 _ 13.37

.30 0.03 . <0.07 . . -13.32 0
311 0.18- -0:02 12.064 0 AP
=0.05 ., <0.19 ~ 13.84 . 0.85° =
S p.16. 0 <0006 .. 11.86° 0 .

L 0.08.  £0.07. .:13.43 0

’

34 7 15.35 . 0.34 . 0.01  -0.09 -14:62 . - 0.44

'35 ‘1la.85: 70.38, -0.12°  -0.14. -14.75 ' . 0.53. .
36 . 14.55° . 0.40 -0.13 .« -0.16 - 13.98, . 0.57.

37: 712,88 0.206 -0.14 =0.11 22.39° . Q.32
38 15.49 - ,0.51 -0.16:  ~0.18 - 15.97 - .. 0.70




Vs
, - Table XII continued’

Star v B-V U-B (B-V)o V-Mv E (B-V)

44 12.16 0.14 -0.35 ~0.18 12.64 0.32

45 14.70 0.76" -0.11 ~0.24 16.22 1.01

46 15.35 0.24 ~0.11 -0.21 14.86 0.36

19 13.14 0.94° 0.19 -0.02 11.72 0.37.

50 13.14 0.30° 0.14 ~0.03 11.80 0.34

* 51 . 15.11 0,61 -0.01 ~0.16  15.28 s 0.78

52:  T15.07 .. 0.76  0.36 0.33 . 11.99, 0.46

54 14.30  7-0.56 -0.42 ~0.29  17.00 0.85

56: 13.96 0.72 0.31 0.35 - 10.77" 0.39

i " 57 14.66 0.64, -0.11 -0.21 15.66 0.86

58.  -14.56  0.69 -0.08 ~0.21 - * 1%.56 0.91

.59 14:10 0.65 -0:11. - =0.21. 15.10 0.87

- 61 - 15.16 0,61 -0.08 - --0.19 15.81 0.81 -

"64:. 14.01 . 0.59 -0.04 -0.17 14.33 0.77 .

65 3.08  -0.58 .-0.08 -0.18  13.56 0.77
66: . 14.35 - 0.59. ~0.15 “0.11 . 13-86 0.71 .

67: " 12.75 0.44  0.00. —0.11 12.26 ©0.56

©68: . 13.96 0.60  0.00 ~0.16 - 14.13 0.77

.69 ©12.01 . 0.70 , 0.26 -=0.10 ..11.40 ~ 0.82

©70 . "14.$8.. 0.58 . =0.01° '-0.15 - 14.61 .  .0.74:

71: | 13.59 ° 0.62- 0.00 - =0.16 . "13.76 .0.79

73: -13.96.  0.45 - 0.14 ~0.08 . 13.11 0.54

75 ©15.29 0.85° 0.05 = -0.20  16.12 1.06

, 76 - 13.91 0.58 -0.04  -0.16 14.08 " 0.75
78 T 14.61 0.62° —0.01 “ £0.17 ~ 14.93 0.80 °

S79%0 s 14012 046 . 0.11 - -0.09 :r 13.39 0.56

: 80 15.09 -0.72 . .0.01 @-0.18 .% 15.57 . 0.9

©81 . 14.98 . .0.57, =0.11  -0.19 .; 15.63.. 0.77

82 % . 15.25 . 0.65° -0.04 —0.19  15.30 "0.85

83: ' [ 13.33: .0.40 - 0.11 ' -0.08 -12.48 0.49
85:1,.13.245°0 045 © 0.17 ~0.07 12.19 0.53 -

87 S14.67  Y0.51 0.02 -0.13 14.44 0.65

88 ~211.07 . .0.07 -0:49 ~-0.20 .  11.90 0.27

. 89 14.77 0.45- . 0.21 -0.05 13.62 0.51

90 0 14.28°.° 0:48 . -0:19 -0.20 15.11 0.69
[ U S IR LT

. SN L : -
u . . . : e A
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Table XIY continued ’
Star v B-V U-B (B-V)o V~Mv P(B-V) . ¢
91 14,38 0.27 -=0.07 ~0.12 14.02 0.40
93:  .13.47 0.54 0:04- ~0.13 13.24 0.68"
94 " 14.54 0.53 -0.10 ~0.18 15.02 0.72 ‘
96 14.52 0.32 0.10 ~-0.06 13.46 039
96 14.65 0.58 ~0.07 ~0.18 15:13 0.77
98 . 14.37 0.57 0.01 ~0.15 14.40 0.73
99 '15.09 0.68 -0.08 ~0.21 . 16.09 <0290 |
100 °~  14.31. 0.33 -0.09 -0.06 13.25 . 0740
.1.08 14.05 0.29 " -0.02 ~0.09" 13.32 - 0.39
134: 13.16° 011 -0.22.. =~0.11 12.67 0.22
135: - 12.71° 0.10 -=0.16 ~-0.09 11.98 0.19 -
138: 13.70 0.22, 0.06 "~0.04 - 12.45 0.27
148 - 13.30 0.50 -0.04° ~0.15 ~ . 13.33 0.66
149: 14.02 0.28 - 0.1Y ~0.04 12.77 0.33
153 15.04 0.25 -0.17 ~ ~0.13 14.81 0.39
154: - 13.15 . 0.28  -0.18 ~0.14 - 13.05 0.43
166  15.23. 0.27 -0.01 . ~0.08 14.17 . 0.36
181: 11.53 0.11 +0.08 ~0.06 10.47 7 0.17.
191 14.20  ©0.52 -0.25  -~0.23 , 15.55 0.76
198: . 13.72 ‘0.51 -0.13 ~-0.17 14.°04 0.69
225 . 14.03 0.41 -0.17  ~-0.20 14.86 0.62
228 14.12  0.30. 0.06 = ~-0.07  13.17 - 0.38
230 13.76  0.24 -0.16. ~0.13 . 13.53 0.38
241 14.13" 0.30 0.03 .~0.08 13.28 0.39.
. 247: - 14.00 0.22 . 0.03. ~0:06  12.94 - 0.729.
250: 12.73 - 0.22 ~-0.06  —0.08 .11.88 0.31
251 14.63 - 0.33_ 0.00 . £0.09 13.90 L 0.43
276 ' 14.26 0.25 -0.32 . %0.18 ~ .14.74 0.44
< 280 . 13.84 0.15 0.00 . ~0.Q4  12.59 0.20
"288 0 13.48 °° 0.22  -0.33. -0.20  14.31. 0.43 . [,
s ' P4 ) . !
291 14.33 0.27 0.07 ~0.06 13.27 0.34 '
294 ‘13.78 0.27 "~0.18 -0.14 13.68 0.42 .
310: 11.97 0.39 ~0.35 ~0,.24 13.49 - 0..64
322 "13.15 0:33 =0.20 ~0.16 13.32 < | 0.50
328: - 12.36 0.21 -0.06 ~-0.08 11.51 . 0730
. }
A
M ¥ .

Votaas VL T
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Table XII continued

e e e mam e o e e e e ot ot 8 e e et o e e s s g T T o] o T Lt o S S A S e e e S Ay T e e e s A e e e

Star v B~V U-B (B-V)o V—Mv E (B-V)
336 24.41 0.29  0.04 -0.07 13.46 0.37
341 14.66_ 0.27 0.09 -0.05 - 13.51 0.33
342: ' 13-96 0.31  0.09 ~0.06 12.90 0.38
372 11.84 0.15  0.06 -0.02 10.42 0.17
377 14 .35 0.34 . 0.09 ~0.07 13.40 0.42
385 14.70 0.29 0.03 .. ~-0.07 13.75 0.37
U/ B 13.03 0.63 0.18 0.39 '9.57 - 0.26
u/C: 12.13 0.15 .04 °~  -0.03 1079 © 0.19
u/D: 13.02 0.48  0.23 0.28 10.20 - 0.21
U/E:  13.91 0.52  0.06  .0.42°  10.23 0.11 .
U/F: - 13.53 0.41 - 0.08 -  0.35 10.34 + =~ 0.06
Uu/G '15.51 0.66. 0.34° 0.30 12.58 . 7 0.38

e ST ST =5

Denotes>stars used to dptermlne the field reddening
in FJgure 21 . : ; -

L o . 1

. .'\'.l' )
Dean Wdrren and Cou91ng (1978) have tabulated mean red-

)

denlngs for Cephelds determlned both by QpT (B V) relatlons

-

: &
and photometrlc two! colour Techn7ques : Thelr value of
olgr "

E(B—V):O 28 for U Car is adopted hcre, but adjusted to 0.29

to conform to a zero- p01nt Shlft advocated by Turner, Leo—i

natd and anllsh (1987) UQ1ng equatlons (8), (9)'aﬁd (10)

N~

,we campute an 9qu1va1ent BO*star reddenlng for U Car of = ..

jO 33 mag and p]ace the Cepheld 1n Flgure 20 accordlngly

Flgure 20 qhows most of’the stars in the fleld to be

jat a dlstance comparable to or greater than that of the;

- car 081 Complex at Vo-Mv=12.07 (2.6 kpc). Mor@ove; the

. o ‘ . . :
. . . y

lower eﬁbe}opgﬂtrend_in the data-argues strongly for a:

- b

o
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A solid line of slope R=3.1.is shown at Vo— My=1 207, o LT
. the distance maodutus - of the Car ‘081 Complex. . Stars A -
N o . less distant than this association are used to contour .+ =t . . '
’ oo T " " the field reddering Shart given in Figure 21, The G ) a

dashed Ilﬁe represents -a background assoctat:on at - . . o

’ ) Vo—Mv=13.40 as m Flgures 14, and 17. ' Error. bars cor- - " !
-3 )
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honmal‘valuéhof-R~§ in this field. U Car-ﬁppgarsﬁtO'be a

b
Ce

~forégr0uﬁd obﬁectawirh respeétﬁfgltﬁe Car OBg'dssociatiénl
_Thejdoﬁinant‘dusr quplexgg in’ this region appear to lie
'egtﬁerrféregréﬁnd ta, or ;n immédiaﬁé assbciaﬁion with/
Car-OBll(séé'Necke} ana Klare iééojﬂrl?heréfore, ﬁo est~
imate>the field reddehihg at'the7distanée‘éf the Cépheid
the ana1y51q was rpstricted to stars of Vo-Mv<l2. 07 A
~ﬂhese tar; ;re flaqqod w1th co]ons in Table XII, and

their-colour excesses are shown plotted 1n Flgure 21

We note that the staro nearest +0o" U Catr. in the flgure

]

fnuﬁbers 17 and 24 have E(B- V) valueq of 0.29, 0.%2 and -

0 34 qupP(tlvely The three stars bracket the Cepheld

I

“~

_at ahgu] r separatlons of ' 1 arcmlnute or 1ess A best

\

cnlnur exCesses of thege stars welghted accordlng to the’
inverse of theJr dJstance from the Cephe1d is E(B V)(BO)
,:0.34,&0.03'5187 Qr E(B—V) =0. 30 tO 03 for a star w1th the
QéléﬁrsJéf U.éarf Thls value agrees we]l W1th the reddenlng
leué'forithés star publlshed- by Dean et al. (197§)T“

3

LN

(C) .Stars Associated with U Carinae

B jl/ Dlstance.
A search through the catalogues of Klare and Neckel-

(1977) Schlll}d ot al. (1983) and\ _Garrlson ‘et al. (19.77_)

1 e i ) i

N

tlmate for the fleld rcddenlrg of U Car, baSed upon thp C



< . - ‘Iy
|
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Figure’ 21 ]
PR S S  Field Reddening Chart for U Cer’ f
e ‘ S : . ‘ ' Isopleths of E(B--V) are depicted using the colour '.
excesses ,0of those stars in the field lying closer - P
» than the Car 081 Complex as determined by -the Co
S . ‘ . variable extinction analysis. These stars are - - [
: . e L "tlagged with colons in Table Xll. Excesses have i
been multiplied by 100 for plotting purposes. -
Contours are modelled to areas of obvious field '
. _obscugation on the ESQ lita~J plate. ~ a
* R | .-
N oot N i
; ) X oo
. ‘ 3 L
S ! . ' i ' S . o
' a A : t : , PR !
’ R TR ‘ FYRE.
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'ylelded 18 OB stars 1ying-witﬁin 2 degrees of UfCarinae‘

and hav1nq sufflClently -accurate lumlnocltles based upon

_their spectral class;flcatlons_to apply the var;able =

extinction'methnd. These data are -given.in Table XIIT,

where magnitudes and colours are averages from the cat-

alogues-, Colour exceéses were determined by cdmparing

" these colours w1th the 1ntr1n51c colours predicted for'

their spcctral typee and lumlhOSlty classes. D\stance

modulj were then computed from the Mv-SpT relatlon of

Turner (1980) using the.guoted MK spectral c1a551f1¢~ i
ations. A variable extinction plot for -the stars of

Table.kllliis given.in_Figufe 22. U Car is placed

according to the déta cited previoﬁsly

“*“;W“A“GO]ld line of slope R= 3 1 is chown 1n Flgure 2? at

‘ N
vVo- Mvelz 07 represeﬁtlng ‘the car OBl Comp]ex We‘note that

the spectroscoplc data conflrm the ex1stence of the more

dlstant group detected 1n Figure ]4 - We determlne the dls—'-

”tance to thls group by merglng the photometrlc data for,

i,stars 48 and 63 of Table VTI w1th -the spectral data for the

fou;_most distant objects 1n Flgure 2? A ])ne.(dashed

in Figureei14 17 and 2?) of slope 3.1 drawn through the

¢

mean: p051t10n of these 6 objects yle]ds Vo- Mv—13 40

Q4.8 kpc).

Four fleld stars which appear to share a common

distance are 1dent1f1ed by the%r HD/HDF numbers in Flgure




1] . i . ’ ’ : 8Q -

Table XIII

Cata)ogue Data for. OB Stars thhln 2 degrees
of U Carlnae :

0. 0.
0. 0.
3 0. . 0. ) j
51 94304 6.85 0.49 "—-0.27 '0.57 13.35 BS5Iab !
74 4847 9.00 0,06 =-0.77 0.34 ~13.50.B0.5II1
1.23 487 7.25 0.01 ~0.83" 0.23 -12.95.B1lb
0.64. 305771 9.62 0.19 -0.54 0.42 13.02 B2IV
0.41 500 ..11.40 0.17 -0.57 0.41 14.50 b2iv
0.24 502 8.89 0.04 -0.81 "0.33 - 13.49 BO.5IVn
0.46 504 8.81 0.41 -0.55 0.65 15.31 BO.5Iab
0.82 - 505 9.49 0.33 -0.59 -0.62 14.49 BOIII
0.57 508 9.63°.0.17- ~0.62 0.37 14.43 B21In
1.11 509 - 9:11 Q.37 .-0.58 0.66 14.31 BOIX-ITT
0.62- 95880 6.96 0.32 -0.40 .0.42 12.96 B5Ib !
0.76 512 9.26 0.09 -0.76 0.38 13.:58 BOV. -
0.94 -514  8.38 -0.10 -0.76 0.39 13.48 BO.5I1II -
T.1.19 518 ' 7.43 0.14 -0.76. 0,45 13.33 O8Ib(f)
1.87 '97%57 .7.23.-0.01 -0.69 0.16 12.23 B2IT !

,Mégniﬁudes and colours are averaées from Klare’
and Neckpl (1977) ‘and Schild et. al. (1983) ..

o Angular dlotance in degrees from b car

: Klare and Szeidl numbers as in Klare and Necke]
(1977) excépt stars found to be associated .
with U Car. These are. 1dent1fled by thelr HD/HDF
numbers. g

. SpT as in Garrison et al. (1977) except ! from
Humphreys (1973) and those in small script which
are MK types from-Klare and’ Neckel (1977) as
inferred from photometric data. ’

N
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_ Figure ~22

variable Extinction Plot for U Car Field Stars
“.of Table XiH . '

A solid line of slope R=3.1 is shown at Vo—Mv=1 2.07_cor—

responding to the dishta‘r_)ce’ of the Car OB1 Nebula complex.

A background assotiation is indicated by the dashed line . '

at Vo-Mv=13.40 Stars identified by HD/HDE numbers are
_probebly’ associated with U Car- as discussed in the.text.

.
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\
22, and we argue be]ow_that.they‘aré-aésociatéd‘yith U Car..
The other stars iﬁ‘the field cluster closely to the
féiatioﬁs répresentiﬁd.the Car 0OB1 éomplgx and thé-ﬁore
distant:éroup. The specfral claﬁﬁifjcatidné of the four’,

. . \

nearest OB stars'clearly identify thgﬁ as béing amongst
¢ (& N - N

the oldest early-type stars in the fieid, an importaht-

. characteristic Tor their possib]e-asspciation with U Ccar.

~While the pdsition of U Car #n Figure 22 does not jmmcdiately

indicate that the Cepheid is éssociated with any of_thé.fouf3
»

selected stars, additional arguments.can be presented-onig
this question.
. : . iiy/ - Radial Velocity Y
Available radial velocity data for U Car and'3 6f the =
4 stars identified in Figure 22 are given in. Table XIv.'

The'mean'of the radial velocities for stars HD 94304, 95880

and 97557 is +0.2 km/s ( 12.8 km/s s.e.). This-'value is

‘virtually identical to thé radial velocity of 0.4 km/s -
' 2 . . . .

for U Carinae (Stibbs 1958), and is significahtly'differéht'

 from the radial velocities (of order'-20km/s).bbberved for

the more distant .0B stars in the same field (Humphreys

'1973). Tt seems reasopable to conclude from this that U Car

must be closely asééciated spatially with this subset of

four "‘stars. -



‘cpmbined with thét,of Table XITII. The stars were again

T . . Table X1V

:

Radial Ve1001ty Data for the Stars of
FJgurcq 22,23 and 24

B oS = mIImes - =3
.. Star (HD/HDE) Source vr (km/s)
. 94304 . 1 41,4,
95880 ° 1 : +4.4
97557 . "1 ‘ . =5.2
305771 - =
U Carxr 2 <Vr>=+0.4

1. Humphreys (1973). Weighted where
multiple values w1th probab]e errors

+are quoted. :

2 . Stibbs (1955Y

iii/ - Age

In addition'to lying at similarjdistanceé and having

similar radial velocitiés, the stars of Table XIV, includ- .-

1ng U Car, also- appear to be coeval . This can be'demonr—

L:dted moxre’ clearly by means oI a theoretlcal HR dlagram,

‘the log L/L, 1og T lane Thls plane is shown in -
o eff P

3gure 23 on wh1ch evolutlonary trackq from Maeder (1981)
are q1ver Maeder s case B is 111ustrated (l e. cases of

intermedlate mass 1oqs) and the tracks deplcted are f£or .

Lo

9MG and 15MO stars of comp051flon X 0 70 Z=0.03,. approp-

~

.

stars of Table XIV as -accurately as-possible in the

- sifications) from the catalogue of Humphréys (1973) were

L

83

-rlate for young Popu]atnon I stars - In order(to_plaqe the

,log.L/Lo—lbg Td" plahe, data (phptomeﬁry,'spectral>cias~

o
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.Figure 23
Log {J/Le-log T etf Plene 4 -

Evolutionary tracks dopicted' are for & 15Mo
and o 9Me star, efter Mabder (1 981). AQes
are in.My. The positions of U Cer and the
stars of Table XVl arc shown. See the text

tfor 8 discussion. g '

v
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- . 12.9 ~
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- 11 o 95880 \h\\\‘\\; A
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A - . et
/ 231 \ R
0 ~—
i i ]
- ' 24 .;2 -
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‘dereddened ‘as discussed.preViou51y, and new values of.
(B—Vjo'obta,nEd.u‘The resulting ceolour eéxcesses were adjus= -
ted to an equivalent BO star reddening” using eguations: (9)

1
N\
and (10), ‘and values.for-VoncompUted'éssuming R=3.1. The -~

‘7dlst1nce modulus for oach star was determined u¢1ng the

mean Value of the absolute magnitudes derlved from the

|

épT—Mv.relation of Tufner'(1980)‘and from'theif obeerﬁed_“‘
”H beta Jlne 1ndlces (transformed to absolute magnltodCﬁ
sing the Jntermedlary of the H gamma eallbratzon of Mll]~
ward and'Walker 19855 u51nq &he-photometry-of Klare ahd J
Neckel (1977) These data are glven in Table XV, The

values of Vo and RVo Mv> 1n Table XV were used to cal-

culate an abso]ute maqnltude for': each qfar approprlate to
B

.the ‘group dlstanoea This procedure ensures a set of Values

ifof Mv that,are,mhtually‘consistent,_i.e., witb"stars
: . f . ’

I

'piaped at ha common‘distance Finally, bo]ometrlc correc-
tione (Pelq, 1979) were applled and log L/L, values for
eeoé;sfer.oOmpuﬁed. The’data used tO‘p}ace the field stars
'ih the.iog L/L - e” plane are given in Tab]e XVT. -
Interestlngly enough the adoptlon of abso]ute
magnltudee for the B stars based upon'hydrogen beta
:photoﬁeefy ‘as well as MK types haq the effect of
'?ecreasing the dlstance of the group to a value more
‘cohparébie_w;th_that‘eetlmated;for-U Ear Li.eﬁf.<V0*Mv;
=11.28 ﬁﬁ Tab1e‘XV §erspe Vo—Mv;lluG for the'4 Stégs-in

s
B
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. : able XV »
~i‘ ® 3
. . . Dereddened Data for F1eld B Stars A)eoc1ated
. o ) ) © withU Carinae _ : L e L
+ : o )
. ) NMumbers in palenthoeee refer to the sources
A o listed” below - . } . S
. . - ' ) ' » - - .
oo <Us : . _ :
Star ~ <B- -V> (1) SpT(?) [B-V])o(3) E(B-V)(4) . Vo(R=3.1) Vo-Mv(5)
<U- B)‘ ‘. . K . N
6.85 -
94304 0.49 B5Tab -0.09 0.60 4:99 11.03
T -0.25
6.94 ) ?
_- 95880 0.32 B5Ib -0.10 0.44 ;&58 11.52
-0.39
S7.23 . - 4 - ) -
97557  0.00  B2IX ~0.19 °~ 0.20° . 6.61 11.18
~-0.67 o . A SN
962 - ' . S
305771 0.19 B2IV - -0.24 - 0.45 .. 8.23 1140
-0.54 : ’ T :
<11.28>

(1) Mean values from ‘Klare and Neckel (1977), ‘Schild et al. .
_(1983) and Humphreys (1973) . Note that HDE 305771
doc not appear in Humphreys B : o

(2) As in Humphreys except HDE 305771 from Garrison et-
al (1977) o .

. I N N o

(3) Mean coléurs dereddened to.standard sequences, of

Johnson (1966) and. Fitzgerald'(1970)u /

Lo (4) AdJusted to eqU1Va1ent BO star reddenlngs u51ng
C equatxons (9) and (10)

. _;(5) <Mv> avenaged from .SpT- Mv and H beta-Mv relatlons
o~ . as explaLned in the text v

~




- where Mv values are often unceltaln by 10 5 to il 0

“ -

Table XVI
Data for 1og'L/L —'loq T, 9Plane

Numbers in patontheqes rofcr to the sources
listed below. :

_______ r~__~_di____n___-__N,_*N___w__n__,~*~_wm
94304 4.090, -6.29 -0.49 4.60
95880 4.104 -5.70 ~0.54 4.38
97557 4.224 -4.67 -1.132 4.28
3057721 4.342  "=3.05 ~-2.19 3.98

U Car <3.755> '<~6.03> 0.00 4.30

(1) Relation of Bohm- V]Tenqe {1981). using (B~ V)oﬁ
values of Table XV. ff for U Car from
Parsons (1971). e_ . '

(2): Computed us{hq Vo values from Table XV and

<Vo-Mv>=11.28 as cxplalned in the tokt

BN

(3) " Pala. (1979) except . that for U Car Trom Flower
(1977) .

(4) Assuming Mv=4.79 and B.C.=-0.07 for the Sun.

s
€

Figdre 22). This is not'entifely unusual since the

-épectrai types of these stars (BS5Iab, B2II, etc.)

lie in a poorfy'calibrated portion of the H-R diagﬁam,'

-

‘magnitudesu,The hydrogen beta photometry for these ‘sta

is pdrticularly valuable for sp301fy1ng the‘lpmanSltlés
with a greate% degree"of.prgcision. !

L , . N ., .
It may be seen from Flgure 23 that, an, approx1mate

terms, he four -field stars and U- Car’ represent an evol-

87
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utionary éequenée intermediate.in mass.to t_he.9MO and lSMO
tracks- shown.: 'Furthermore, with thé exceptioﬁ of HDE

305771, the stérsrare‘assaciatad theoretically with the

i . v r

‘rapjdfevqﬁutiénary phases offﬁhell_P{§m'cbre He burhing.

! . R : ]
HDE 305771, the lowest luminosity star in the group, appears
T . '\. . : . . - . _.\.
. to be'in the last stages of MS core H burning. No attempt

1s made here to offer other 1han very approximate ages for

thcse stars friom cons:deratlon of thelr poﬁlflons in the HR
dlagpam; An age of between 12-20 My. Seems approprlate
from comparisonr with Maeder's models.

. An age estimate for U.Car was obtained from the fol-.
lowihgﬂfelation'tabulated by Témmann (1976) and making

use of.old‘evblutfbhary_m@dels'calchlated by Kippenhahh

and Smith (1969): -

loq t (1n 106 v), = 1.16 = 0.651 log P (Q). (18)

Using p = 38 7614d (Schaltonbrand and Tammann 1971),
we- computa the age of U Car to be 13My. VWe may consider
~ this to be a .dower 11mit?1n that egn. (18) makes no

allowance for - core-oveérshooting; a physical characteristic
I . - : o F . . to -
incorporated into current evolutionary models but not .,

indluded in the hddels!uSed by Tammann . This effect
L. A P N

~ Y

fincréases the core H'bUrning MS phase of.a lSjé‘star'by

36% (Cloutman and Whltaker 1980) -We'arbiﬁ .ly increase

L

A%

“the age of U ‘car computed from Tammann 8 relatlon by thls

same amount to arrlve at a final estlmated age of 18 My .

[




!

N

“The consistency of these estimates .in conjhnction sith

the locationh of these four starg in Figure 22 1is a cqn¥"

« N

VinCing'argument-fér their coevality. VU Car and these

four stars 'almost certainly form a physical association.

‘o

, B
A
’
~ .-
N
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i
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vIl_Diecuseion end'Conclneions
In this;thesislwe nave been'concérned with methods
by whlch c]uetere or aeeoc1at1ons in prox1m3ty to long-
pchod Popu]atxon I galactlc Cepheids mlght be detected
- The detectlon ot_51gn1f1cant mmmbers of such_cases_would
';present an;obportunity to verify or refine tne hign
1uminoeity cnd of the Period—Luminosity Law by deriﬁing
'
distances to the qte]]ar groups in which thege stars are

‘1ocated. Such an opportunlty is’ to be welcomed 1in that

'thelextragalactic distance scale is sensitive to the calib-

e e o T e ,

- ration of Population I Cepheid. luminosities. '~ Previous
such investigatlons (van den Bergh, et.al., 1976, 1982,
1983, 1984) have'attempted'to locate Cepheids in associa—

tJOns by ana1y51ng only cc and CM dlagrams of surroundlng
. fle]d°' In order for such methodology to be successful
it is necessary that any'cluster-or assoc1atnon present in.
the fJeld be sufficmently rlch that a 51gn1f1cant number
of grbup members will be detected w£t§lh a small angular
) 'dletance-of the Cepheld If ‘an Jnsdfflclent‘number of
.members ig detected they w111 be swamped by fleld stars

N 1n Lhe CC and CM planes and thelr 51gn1flcance overlooked

Furthermore, a major dlsadvantage in relylng totally on CC

.o )

and CM dlagrams 1s that dlfferentlal reddenlng, a common‘



Ladhoaae Lo

e-" . . . L .. - o \ -u\h ‘,' ) ¢ - 3&.4 A LT
: feature in young cluqterg and partlcular1y of assooaatlons

acts.to mask the presence of such ?tellar groups 1n_thesé
diagrams. We haﬁe_demonstrated thaﬁ.the variable extlnction_ -

method of analysis.actually uses this phenomenon to bcttér

the PhanCP of detecting the presence of c1usfer§\or ass oc;i

-1aflonq in the fleld T - '-: ‘ C ;

In van den Bergh ét él.‘(1§84) i£-was Qqnciudéd. -

. that no eariy;fypé.stars_hhd-begn uetecﬁed‘iu'uééociafion:

-witH«U Car. This conclusion’ was béséd soiely on the

"analysis of CC ahdJCM‘Qiaérams of ﬁeverél hundréd otars .

‘w{thin iO;iof theadephéid methodoloqy antla]ly nmuldtod
”m“”,‘l,_ . in fhxq paper for the GT Car fleld In contrast from con-
151deratlon of dlctanceo det rmlned by variable extlnctlon"
analysis, radial veloglty and age, it is here suggested
“that 4 B typg stars uré }ikelylfb be phys 1ca11y associated
with U>Car;~fThé position;,ofa{hese'fdug stars and_thét of
U Car are shbwn-in new galactic coorainates,inﬁFiéu;elZA.

Thé bositidu of Trumpler 17 is also'indicated. The scale

: deplcted is valid at~ the dlstance determlned by the mean

'dlstanoe modulus of the group corrected for reddening
o (<Vo Mv> 11.28 Tab}g‘XV) i;g. 1.8 kpc; The max1mum
.separatlon of any of these objects (stars HD 94304 and
;97557) is found to be 92 5.pc. U51ng\18My as ‘the ago of -
bhe Cepheld we compute a velocity spread of +2.5 km/s +o

be suff1c1eht_to account for the observedwsepqrathns,

N
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a%‘umlng a common or1g1n for t;hese objects B v'elocjt'y'-

I - , perqgon of +2.5 km/e agrees well w1th the expectatlone

-,

for en assoc1a§10n.' A recent qtudy by Mathleu (1983), for-

' exampie revea]° the voloc1ty dmsper51on for the Jambda

~.

Orlonls assoc1atlon to be tz km/e j We conclode“that U Car
is quitevlikely associated with theqe 4 Oarly~rYpe stars, -

hav1ng formed with them ~18My ago 1n a grav1tatjonally
r
R ‘ ,-&
unbound Lluster whose scattered nembers arp Stlll present

L. . P

( in the f 'd" Furthermore the data ‘for these'stars

) 1ndlcate that they are older than and foreqround to.ther
‘Car'OBl complex whose stars appear to be ubqultOUS over;

}'the field of this study. The derivea luminoéitx for the
Cepheiﬁ U éar.is <Mys=-5.91, wﬂico issconsistent_oito

\existihg P—L'reletioﬁs,‘giﬁeﬁrthe‘star's long pulsational

per1od of 38.7614 days e '

.
~

- The plate\materlal avallable for this theSJs pre-

v
-

‘Cluded.the detectlon of any qtellar group 1ocated at the

dlstance of the 13. 2d Cepheid GT Car (~10. 8 kpc) -

C Crowdlng of stellar 1mages espec1a11y on* the B p]are

.o . - A

prevented an adequately complete sampllng of the GT
Car fleld even at ~1. 5 magnltudes brlghter than wou]d

have been requ1red to detect a stellar group at the e

»
- [

IS dJstance of the CepheJd Such -a study must be deferred

‘until more su1table plate mater1a1 or poqub]y LCD

1még1ng, preferably taken w1th a- larger tele cope, oecomes

‘kl_,
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avallab]e
" our analy51q ‘of the fle1d of Trumpler 17 ylelded
a dlgtancn to the cluster of. 2.0 fo.d kpc as compayred

to the 1. 4 kpc suggcbtcd by Sher (1964) Sher’s'réqu1,

Vwaq obtalned by flrst estamatlng a mean reddeang for

the cluctpr from shlftlng the cluster sequence a]ong a

reddgnjng line to best fit the ZAMS relation. 'This ‘mean

colour excess value was then used in a main-sequence fit

R

to determine the distance modulus of the_cluster. The

result presented here, considering the obvious exjs-

<
1

tence of differential reddening‘apfqés the face of

Trumplexr 17, is likely more reliablef' On the-baéiésof

A

distance and age cons]deratlons we were ‘able to reJect

‘the hypothesis that the Cepheld U Car orlglnated in’ or

4

is asqoc1ated with thlS cluster
We conclude that; in_order'tdudétect~the préSéBéé
of clusters, orxr assoéiaﬁions in the'fieldslof‘longé,

period Cepheids, it is not sufficient to totally

~rely on the analysis of CC and CM diagrams. The need

to detect a sufficieﬁt number of group ﬁemhers and

the tendency Of'differential’péddéniﬁg to mask the

oo - L Tt I. ) - )
rexistence of such stellar groups necessitates recourse

‘to moré sophisticated methods such as the variable

. s . T S L,
extinction technigque employed herein.:
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