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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.

&
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_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
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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



10

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
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