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* A UBV Study of the Field of NGC 7790- ¢
John M. Tukala S e August 1988

——

-
..~

This thesis presents a UBV study of the field of the open cluster NGC 7790, which

. has thi‘ee Cepheids within its bﬁundaries. Photographjc plates taken at CFHT

-’r

were measured on an Astromechanics Iris Photometer. The distance modulug of

N

the cluster was found to be 12.25 + 0.10. ‘A trend in }eddqning with spectral -

4

type was detected; (EB-\() = 0.40 & 0.06 s.d. for stars with (B — V), > 0.10

and (Ep_v) = 0.57 % 0.07 s.d. for stars with (B — V), < 0.10. The implied lumi-

nosities of the Cepheids in N GG 7790 from the calculated cluster distance are in,

.

U S e P . .
agreement with recent calibrations of the period-lumirosity and period-luminosity-

<

colour relations.

i
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“excellent standard candles. They are bright variable stars that obey a relationship

Chapter One

-

1

Introduction

A fundamental problem astronomers gr#pple with is the distance scale of .the
universe. Astronomers rely on the ability to accurately determine the distances
of nearby objects to calculate the distances to progressively more remote ones.’

S
Objects that are used to calibrate the distance scale in this fashion are often called

“standard candles.” Cepheid variables constitute a class of objects which make
N A »

between their luminosities and periods of variability. Thus, by observing the period

- and magnitude of a Cepheid its distapce can be inferred. A full review of the work -

done on Cepl}ei‘ds would not be i;.ppropriate for a thesis. ‘Hov;ev_er, a brief\revicw
of their history will; be given. I woul‘d dire‘r’;\t;the reader to an excelle;ﬁ review of
iheisubjec£ by l'zlernie (196‘9) for a much more complete hjstqry.
. . . ‘ (‘
The history of Cepheids dates back to the t;n‘n of the centgry. Miss ‘Ht;nri-
) ett‘a Leaviti catalogued 1777 variable stars in the Small Magclig.nic Cloud (SMC)
between 1893 and 1906. She deterxi:inec{ periods for 16 of these variables and
noticed that ;hc brightest .ones had th; longest éeriods. Althou;h the di;timc_e
to the SMC had not been determined, it was obvious that these variables were
members of the SMC, and thus at a common distance. These st‘ars intgreéted l3e;~

enough that she had expanded the list of Cepheids to 25 bj' 1912. In a paper with

1
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Pickering (1912) she noted that the “apparent magnitude decreases almost linearly

with the logari@hni of their periods.” The years subsequent to this statement have
seen much work devoted tdﬁnding the constants for this particular relationship,
now knpwn-as the. petict-luminoBty;“or PT, relation.

>
4

r :
One of the first calib:alfons of the PL relation was done by Hertzsprung ,

© (1913). He applied.a statistical parallax anaiysis of thirteen galactic Ce]}h'eids‘ to

N

determine the zero-point, adopting the slope determined by Leavitt from SMC
) " ¥

Cepheids. Hertzsprung, like other investigators of the time, dxd 1 in;_:or‘pora}e'"’\

. R ) A N 7
the effects of interstellar absorption into his calculations; definite proofor:the

\ NS

existence of interstellar absorption was not established until 1930. This fact

-

~

el \

£}

aﬁ‘e(‘:ted the first thirty years of work on Cepheids.

LIS

Some of the ‘early errors in the caiibration of \:‘.he \i’L relation pergisted for
mary years. Tixe most famous example of this can be found in the work of Shapley
(1918). He used the same data set of populﬁti;d 1 C‘epheid\s as Hertzsprung aﬁd
.arrived at a value for i.he“zero-point that is ~ 175 fainter thfm the modern value.
'fh]s discrep;ancy in the iero—point, present in this early study, persisted for 6ver
thirty years. The cause of this ‘dis‘crepancy in Shapley’s study was the res;*]t of
several factors, namely (1) the neglect of intetstella.f absorﬁtion? (2) poor and
~ifsuﬂ’icient proper motion data, h.?xd (3) the unknown effects of galactic rotation
on proper motions (I:‘ernie 1969). This last effect became more imgortant ir later

2
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work as fainter and more distant objects were included in such calibrations. .

!
kS

Grea.t confidence was placed in Shapley’ 5 uC m~pomt value as a conacque;lceb
of several unfortunatc comcndences The cahbratmg Cepheids in Shaplcy s mmal |
study were all Populatmn I obyects, a.nd he noted that long pcnod Ccphclds m :
the star clusters w Centaun, M5 and M3 Enow recogmzed as Populahon II C‘sph- .

' elds), plus the RR Lyrae variables obeyvfd a smnlmr relatmnshxp o he Ccphe:ds

in the SMC. Shapley thereﬁ)xe gxt,_cnded his period-luminosity relation\té in@e

K

\J\‘

‘these Population IT ‘objects. A 1‘3;@; error in the original statistical parallax study.

made this luminosity scale syst matically‘_tdo i'aint, and was almost exactly com-

5
¢

'pehsa;ted for by the fact that Popula.tion I Cepheids 4re ~ 125 fajnter‘t}gn

Popu.lahon 1 Cephelds of a similar pcnod Thus, the absolnte magmtudcs of RR

\‘
Lyrae type variables were predicied to be approximately (M,) > 0.0, whlch is close

to the actual value. Subsequent work on fild RR Lyraes confirmed the predic-

tion of (M,) = 0.0 for these g_tars, and served to increase confidence in Shapley's

determination of the zero-point for the PL relation, despite its inherent error.

»

<o

During the next few decades a variety of astronomers published results that

_ generally confirmed the work of Shapley. A c_bmmon egror in the work of this

era was the neglect of the cﬂcctme;teﬂarabswphon, the existence of which
\, *\

became ﬁrmly established through the work of Trur\nplcr (1930). Although 1t was

some years before the exact significance of interstellar absorptlon for the absolute

. » A
L d

3
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magnitude determination of Cephgids was realized, some reéearchers were quick to
point out‘ the need for a revision ‘of the zero-point. Lundemark (1931) noted that
Shapley’s zero-point should be m;(i‘e brighter by\ 122 if the. galaétié ai)sdrptioh
ralt-cs of Bottﬁngcr‘md Schneller (1930) w;zre vabd How;:ver',‘he concluded that,

since evidence had been published arguing for a fainter zero-point, Shapley was

essentiaﬂy correct. Kukarkin (1937, 1949) appears to be the first to have demon-

strated that claSsi¢al Cepheids arid RR Lyraes dp‘not lie on the sainc rel#ti;onship.

Furthermore, he stated that the zero-point of Cepheids in external galaxies was

>

+0™5 brighter than Shapley’s value.” Mineur (1944) showed that the value of the

zero-point determined by statistical parallax is sirongly debéndént on interstél;
lar absorption. He concluded that the zero-point should be (iecrea,sed by 0™75.

These and other arguments that called for a brighter ze‘rko-point were not generally

accepted until new observational evidence became available.

The new observational evidence which confirmmed the need for a zero-point

revision of the PL relation came soon after the commissioning of the 5-m telescope

at the Mt. Palomar Observatory. The éxtension of existing photographic Limiting

magunitudes resulting from the large apertuie of this telescope made it possible to
search for RR Lyrae variables in M31. The RR Lyraes were found, but were 15 .
fainter than expected'.-;'Tbis led Baade (1952) to conclude that the zero-point for

+

the PL relation must be 125 brighter. Baade’s claim was soon confirmed by other

. researchers. Thackeray (Fernie 1969) reporied at the same time that three RR

by

4



. a b
Lyraes had been found in \‘.hc SMC at mps = 19.0, 125 uunter than predicted by

A Shapley’s relahon This 125 change in the zero-point resulted in an immediate
: . doubling of the estimated siz_e of the universe. .Revisions to the period-luminosity
relationship have continued to the present day, but none-as large or dramatic as

that announced by Baade in 1952,

Since the 1950’s attcmpts have been made to use Cepheids in open clustcrs

for a more strongly- deﬁned zcro—pomt ca.hbratmn of the PL relation for ga.la.c-

tic Cephelds Several people appear to have noted the potcntxal mcmbershlp of

’ Cepheids in galactih clusters virtuglly sinultaneously. Kholopov (1956) ].isted 16

Cepheids "sﬁatiany coincident with 13 open-clusters. Hoﬁevcr, it is Irwin (1955) -

H
B

who is attributed with the modern-day discovery of two Cepheids associated with

galactic clusters. Doig (‘1925, 1926) was previously aware of the same Cepheid

e N

very uncertain at that time so these associations were not recognized to be of any

- importance. By the 1950’5 the situation Qad improved due to the development of

the Johnson UBV system. The accurate determination of open cluster distances

“and reddenings-available with UBV photomeiry, and the recoghition that some
Cepheids were cluster members, gave astronomers a reliable method for calibrat-
ing the period-luminosity relatjon. . - ‘."

Al

The ‘importance of iﬁdependeni distance determinations for Cepheids led

5

sociations noted by Irwin, but distance determinations for clusters were -



to several immediate séarches that revealed a number of Cepheids spatia]]y co-
incident vnth open ;:lusters The work of deﬁ!{rmmng reliable dJsta.nccs to those
clusters contmmng Cephelds has continued :o the present day Caldwell and Coul-
_son {1987) list 27 possxble‘clustcr or association Cephelds, although the cluster
membership of several of thgse ;eems floubtful (Caldwell and C;oulson 1987). Sys-
tematic studies \of these and other Cepheids and thei;' xsécia.tcd clusters have been
initiated recen\‘.h" in an attexhpt to obtain more accu}ate distances and reddenings . -
‘(Walkerk 1985, Turner 1986) for these calibrators. |
. : )
The fpen cluster NGC 7790 i ;s very important for ca.hbratmg the dnsta.nce
‘ scale of Cephelds Olin Eggen was aware in 1952 that three Cephelds, CF Cas, \
- CE Cas a'and CE Cas b, cou]d be physically associated with the cluster (Sandage |

¥

‘. 1958), which has since been veriﬁg;d by several studies. The cluster is ‘Eoc_atea'
close to thé plane of the Milky Way in the c;nsteuation of Caséiopeia (¢ = 116%,
b= —1°0; arjosen ='2.1’»h55’3"9,‘6‘;950,o = +60°56'). Rﬁprecht (1966) classifies NGC
7790 on the Trumpl‘er‘system as III 2 i), chh correspond; to a cluster with |
a uniform distribution of 'stars, a medium range of ‘brightness and less than 50
members. More recent studies of the cluster (Pedreros et al. 198{;, Mateo and
Madore 1988) indicate that NGC 7790 has > 100 members (i.e.‘ a dﬁh cluster),
" and recent classifications (Janes and Adler 1982, Turner 1985) denote this fact.
Barbaro- ei al. (1969) quoie a tum;of!; paint aée of '?.0 x 107 yr, which is typical
o‘f most clusters containing Ceplieids. The présencakof tixree Cepheids within the

»

6 \ .



boundaries of NGC 7790 has therefore resulted in several studies of the cluster.

The first detailed study of NGC 7790 as a calibrating cluster was a photo-

metric investigation by Saﬁda.ge (1958),.in which a combination of photoelectric ‘

and photographic observations were obtained in the standard Johnson UBV pass-

‘bands. Sandage found the cluster distance modulus to be 12.80 + 0.15 with a
reddening of Ep_y=0.52 + 0.04. This pa.rticul_a.r' data setyhas been reworked fre-
‘ qﬁenﬂy by a number of ttﬁscaxchers, with very similiar results. However, r;rcent ob-

- servations (Turner and Forbes, unpublished) indicate that Sandage’s photoelectric ‘

?

observations contain systematic errors, a not uncommon feature of the equipment

>

be used. Turner a.nﬂ Forbes (unpublished) have found Sandage’s data to be too

bright é.ntﬁblue by the following amounts, AV = +0%03, A(B - V) = +0704 and

A(U —B) = +0™06 . .Sandage’s analysis of the cluster relied in part on a spec-
'troscop;ic study of seven stars in the region by Kraft (1958). Regrettably, this has

been the only published spectfoscopic study of NGC 7790 to date, and the pho-

toelectric standards of Sandage’s study have not been systematically remeasured

_until recently.

Recent reexaminations of NGC 7790 have produced somewhat conflicting
results. These are summa.rize::i‘i‘n Table I, where the spread of ~ 1™ in the cluster
distance modulus t;hould be particularly noted. For a coml.;»lctc listing of work
do.nek on Né,C ‘7750 pri(;r to 1970 see Alter et al. (1970).

. : ' ) 7

e



. Table I

V. —M, Eg-v | Technique Reference

12.80 +0.15] 0.52 | ZAMS fit. | Sandage 1958

13.10 £ 0.13 | 0.49 | MK Spectral Analysis- | Kraft 1958

11.984+0.10 | 0.55 | HB photometry * - Schmidt 1981
1215+0.10| — (| HB photometry * Balona and

Shobbrook (1984)
12.30 £ 0.20 | 0.54 .| ZAMS fit ‘ Pedreros et al. 1984
12.05 £ 0.13 | 0.51 | HB photometry * Schmidt 1984
11238 +0.19 | 0.56 | ZAMS fit Mateo and Madore 1988

12.25 +0.10 | 0.57 | ZAMS fit ‘ this study

* Stromgren and HB photometry

Presently thé-PL and PLC relations are‘ calibrated with ~ 27 Cephe@ds in
gglactic cluster‘# or associations. Since NG(;??QO contajﬁs three of these Cepheids,
the accurate dc;.efminatic;n of its distancé is very important. There are reaéong.
to be conberr;ga witﬁ ;some of the recent results for NGC 7790. First, the original
photoglectric‘ photometry of Sandagc; ~(1958) is now known to contain systematic
errors. ﬁev;' photoelectric observations were not available at the time of the study
‘by Pet‘ireros et al. (1984), although they were aware of the problems with Sandage’s
data and did apply corrections to his results. They estimaied the corrections to
be AV = 0700, A(B ~ V) : +07%025, and A(U — B) = +0%075. These corrections
are in the same sense as those found by Turner and For}‘akcs ( unp\;blished), but differ .
quantitatively. The Stromgren and HA photometiry results are based on only 16

stars in the field of NGC 7790 measured by Schinidt (1981). Furthermore, Turner

(1986) has raised concerns that the HB calibration neglects rotation and can result

8



in biased estima.{cs of absolute magnitude. Despite the interest geﬂemted in NGC
7790 by the Cepheids associated with it, the distance to the cluster is still not

firmly established.

_ The availability of high quélity plates taken at CFHT and new photoeleciric

observations of NGC 7790, along with the need for a better distance determina-

tion for the cluster, prompted this present study. An giteropt was made by Tumer

(private communicationj to reanalyze tiw cluster usig‘gfthe new photoelecfﬁc‘data
and the origiﬁal iris measurements of‘ I;edreros 'Efal. (1984). However, préblems
were encountered with the calibratip;l of these measnr.es. Since a reliable method-.
ology has begn established for measuring and :eidut‘:ing photographic plate thaterial
with the Saint Mary’s iris photometer, the ;:Iecision w;a,s made to simply remea-
sure the i:»lates.» The -combination of improved phot‘o;:lectric data and accurate

photographic photometry was believed to be capable of gen’erating reliable new ‘

estimates for the distance and reddening of stars in NGC- 7790.
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the primaries. . " ‘ {

Chapter Two

Data

™

" The plates used to study NGC 7790 k_were obtained with the CFHT by Barry

Madore in 1981. Wide band filters and photographic emulsions were used to re-
produce the Jo}‘mston\ UBV SYSi:em. Th‘rcc~ plates in each passband were taken. ‘
Ia-0 emﬁlsipns were used witi: plateé taken through UG1 a.nd\‘GG395 ﬁlf!érs, cor-
reg.pondixag to U and B passbands respectively. Tile visual plates were taken on ‘

I1a-D emulsions with a GG495 filter. The plates were taken on two separﬁtg nights

" in seeings of 1" and =2 2 — 3" respectively. A ‘R.aéine wedge was used to produce”

: - v‘ ‘ . ‘ H :
secondary images onall the plates, nominally about 4.6 magnitudes fainter then

Standardization of the photographic observations requires\{he use of pho-
toelectrically observed stars in the same field. The values quoted here ‘are a ho-

mogeneous set constructed from the observations of Sandage (1958), Christian

et al. (1985), Schmidt (1981, transformed to the UBV system), and Turner and

Forbes (unpublished), all adjusted to the‘Johnson UBV System using new UBV
photoelectric observations by Turner and Fcfles {unpublished). These data are

summarized in Table II . The same identification scheme einployed by Pedreros et

al. (1984) was used for this study (see Fig. 1).

'Y

10



Table II

B-V

11

Star| U-B ny ng-v | ny-p
A [ nn 0.28 —0.53 40 49 49
B | 1218 0.43 —0.02 5 8 8
C | 1250 0.58 +0.27 9 9 9
D | 12.63 0.46 +0.32 | 4 7 7
E | 12.79 0.43 —0.04 3 6 6
F |.12.87 |.2.00. +2.06 : 3 3 2
G| 1318 0.57 +0.38 | 3 - 3 3
H | 13.19 0.53 . | +0.35 3 3 3
I | 13.22 1.25 +0.85 : 2 2 2

173 | 13.24 0.56 +0.38 - 4 4 4

K| 1323 | 153 - 6 6 )
L | 13.30 073 | +0.16 3 3 3
M| 13.37 0.39 -0.07 2 5 5
N | 13.51 047 +0.07 2 6 6
O | 1352: | 043 ~0.01 2 6 6

P | 13.63 0.83 4017 | 3 3 3

Q| 13.80: | 0.1 +0.02 2 2 2
R | 1417 [ 041 +0.02 2 2 2
S | 14.29 0.53 —-0.23 5 5 2
T | 1433 - | 0.72 — 1 1 0
U | 143 '0.60 +0.40 -1 1 1
V |.14.54 0.49 40.07 2 2 -2
W | 14.59 1.49 +1.11 4 3 1
X | 14.65 0.46- +0.12 2 2 2
Y | 14,75 1.39 —_ 3 3 0
Z | 14.79 0.48: 40.05: | 2° 2.8 2
a | 1496 | 077 — 1 ¥ 0
b | 15.21 0.52 +0.00 1 1 1
c | 1532. | 0.86 — 1 1 0
d | 15.68 0.95. - 3 3 0
e | 15.79 0.55 ° — 1 1. 0
f | 16.01 0.84 — 1 1 0
g | 16.23 0.87 — 1 1 0
9 | 15.41 1.66 — 5 5 0
10 | 16.03 0.72 — 5 5 0
16 | 15.33 0.62 — 4 4 0
17 | 16.02 0.55 — T 4. 4 0
20 | 15.77 1.00 — 3 3+ 0
21 | 15.98 0.7 — 4 4 0
25 | 15.44 0.68 — 3 3 0
100 | 14.39 0.44 — 3 3 0




' ’ Figure 1 : .

Finder chart for the field of NGC 7790 adopted from Pedreros et al. (1984). See
star A for orientation of secondary images : ’ \
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Reduction Process ‘\

?

The plates were measured with the ins photoxﬁet;r éystefn at Saint‘.Ma.ry’s Uni-
Yersity. The system is comprised of an Astro Mecha_nics Cuffey-iype Ins Astropho-
{ometer which is controlled by an IBM PC. Details of the system can be found in
an articlé by Reed et al (‘1986). Two senior physics stuciént's made the measure-

" ments, ax;d each plate was‘me_asured‘at least twice. The sta.ndards wer; measured
twice each measuring stcss.ion, at the i)cginning and end of each session. Several‘ \

-

plates were measured by both students and the author to ensure that no systemaiic
. ‘ ~ \ ¢ .

diﬂ‘er}:xgces arising from thé méasuring te;:hm'que were present.
’i | . ) ‘
The ideal ty;ze of broad‘ba.nd obser‘vations\ for a study of this nature wou!d
be photoelectric. ‘However, it is not practical to obtain .;zuch data for ;J}xéte;rs
contai‘ning several hundr:ed measurable stars. Photographic photox_ne_try offers a
reas.‘onablq compromise between high accﬁraéy and number of observations, and
eliminates some of the proble.;ms with*U-band photo.metry arising from CCD im#g—
_ing. T‘wc procedural techniques were used in the measuring of the photographic

plates to get accurate results. One of the limits to the accuracy of photographic

N B ow

p};)tometry is the consiétency with which the star images can be tertred. This
limitation was minimized by null-meter centring. This technique involves centring
the star and taking a null measurement. Then, the position of the star is fine-

tuned to get a minimum reading on the null meter. A new measurement is then
: S »
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taken of the star, and the process repeated if necessary. This procedure ensures

the stars are centred in a consistent fashion with respect to the grain noise. It

was found that usu}lly onls' one adjustment was needed to find the minimum null

meter centring position. It has been found that use of a low wedge setting reduces

the noise in the calibration relations (Turner, private communication). A low

wedgé setting results in a relatively wide annulus around each star, but sampling -

’ ¢

signiﬁcant amounts of plate grain tends to average out any small plate defects. It

will be shown later that such measures also have a high level of internal accuracy.

¥

a

The nature of the cNibration curve is of great importance to this ‘work. -

Schaeffer (1981) publ‘ished a stud‘y e;arnining the validity of different photographic
‘caﬁbraiion curves for star images with different profiles. | He confirmed c‘ar]ie\r
predictions that for %magcs with sati?ﬁitcd ‘Gaussia.n profiles (i.e. well exposed
~ images) a linear relati;);lship of ihé form I? vs mag., where ] is the.iris ?éading anz}

mag. the magnitude, is valid. This relationship has been fbﬁnd 1o work quite wx::ll

for the iris photometry done at Saint Mary's.

The linear relationship between' magnitude and the square of the iris read-

ing is not without complications. Often there is an abrupt change in slopedn the

relationship, i.e. g\ kink in the straight line fit. It has been found that sometimes

the change in slope occurs less abruptly, with a 1.0 ~ 1.5 magnitude interval be-
“tween two longer linear segments. The effect is essentially two long straight lines

14 - ~ L
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. conneq.ed by a short one, each with a different slope and intercept. At this point
- some readers may question the validity of imposing straight lines on what essen-

K N . N . ) q : )
_tially looks like a curve, when the relationship (which mimics the characteristic

-

curve for the emulsion) may be better represented by a higher order polynomial. -

The system at SMU has produced measures that have been successfully .

reduced using both second order and higher order polynoz‘nialsf “Rje‘ed (prix‘ate |

communication) has used polynomials up to fifth order to fit calibration curves to

iris photbmcter_ data. A program developed by Reed that fits such polynomials

to iris measures was tested with the present data. These solutions were compared

to linear I? vs ng,g; fits. On an empirical basis both methods produced fits of

condpa.rable ‘quality ‘as measured by the rms errors. Although a single relationship

describing the calibration curve may ‘be more appealiag than two (or three), there -

‘are other considerations.

The pature of the secondary images were an iniportant factor in deciding

upon the type of fit to be used. Oni‘)* one seconllary image ;)verlappcd the mag-
nitude range of the\ca‘libration relations. This left the value of the»inagnitude
shift for the Racine prism somewhat uncertain. The utility of a linear fit became

apparent when the secondary images were considered in detail. It was easier to

deterhine if the secondaries were obeying the same calibration relation. using a

linear fit than using a polynomial fit. Magnitude-dependent effects tend to be

15



/"u. . /

-

~ hidden in a polynomial fit. Also, when the secondary images were not usable a

»

vs magnitude. A visual inspection of the plot revealed the x:gﬁgnitudes at which

linear fit could be extrapolated with some care) whereas this was not possible with

a polyRomial fit. For these reasons linear caﬁbratiohielatié;ns were adopted for -

-

ithe final reductions.. , ~ 7’

.

The calibration ;elations\wac determined by lea.sit séuares, where it was

assumed the all errors were in the iris readings” First, a plot was made of I’/ 104
~ ) ) . N

+*

any kinks existed and a computer program (written by the author).was used to

carry out the reduction process. The numbergof kinks and their magnitude limits

r .

had to be supplied to the program. The program would then calculate the fits

for the appropriate magnitude intervals.. The program. would display all the fit ‘

information includig{ the rms error and the residuals of each point used m) the
s , 1qua 1 sed

fit. Any points with residuals greater THAN 2.5 sigma were discarded. A new’

solution would then be generated and the residuals checked to_see if any other

. points had unacceptable errors. This itérative procedure would be continued until'

}

an acceptable fit was obtained. Typically two to four standards out of ~ 33 were

rejected with this procedure.

The procedure outline.dhbm*c was initially used with a least squares fit that
gave equal weight to all the points. The average values calcu]ated from the fits

for the visual plates were found to have large standard deviations. The fits were

16, B



redohelweighingithc points according to the number of photoelectﬁc‘ observations,
using a weighted least squares fit algorithxh adapted from *Bevington‘(lQGS;). The
: weigh‘te‘d fits revealed tha.;‘. most of the.sca{ter wés\caased by one specific visual
platc.. \Thé‘ i)io_t of I? vs mag: for this plate had the l;u‘gesyt scatter. The plate
itself ;zppea.red to have suffered some liéht‘ >leai(age\and faint streaking was visible
across the egmlsion. éince baﬁkground readings would not be constant in tl%is
circums:tance (a ne\;:essity for ‘thé reductions), this plate was rejected from the
analysis. A blile plate was rejected f;dm the anaiysis due to a largé ‘crack that
caused\fm;us‘ roblems across )t o |
e .

T_he procedures outlil‘léd here gencraﬂy produced consisteni‘resulf;s. Each
plate\ was, méasx.ued duiring two independent seéssions, and dﬁring ea;:h ‘s‘tias‘sit.m the -
stanilards weére mc?a:suréd‘ twice. Thus,sa total of fx;ur calibration rela;tions were
\ prpdu;c;:i for each .plate. Eé.cli calib;'ati\on‘ rela‘tion\was. used to éa_lﬁulate‘the ‘mag\- »
nitudes of the progfgm stars méasgred in that sess%on. Thus,'the‘two‘ independent
program star measuring sessioris generated four magni‘iude-cstimates. of pach star.
Average plai:emagr;.itudes for each colour (U, B, and‘ \(')‘ were ;:al-culated by averag-

e

m; all four magnitude determinations. It was noticed ~t‘hat some stars f:onsiste‘nt‘]y
. had laxgéj r.esidu‘als and these were therefore rejected krom the calibration relations.
Some individual plates ;hac‘l .one or two stars that weréi rejected.. The reason for
rejcctién‘could occasi§nally be attribtx-ted ;‘.o a plate d‘ef;:ct, but son_xct.imes the -

- reason was undetermined. Table IIT lists stars that were i-ejected‘ from the various

17
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‘colour calibrations. A cursory glance at the plates immedi‘atcly reveals star D

) : o & .
to be.doub‘le! Stars B and G -also have optical companions visible on the good
" seeing plates. Other stars were rejected due to the small number of photoelectric

obéefvatipns or 1o possible optical variability.

Table 111

{Star| Colour ‘Comments .

.B UBV | optical double -
1 D | UBV | optical double
F '} UBV very red, variable?
1G | UBV optical double
1 -V ny = 2
U U ny = 1 .
Z U uncertain U measurement
b U my=1

1

A calibration rel_atioﬁ for one measuring session of each p!a.te, a plf)t\ of the
resi\duals!‘for the fit, and the ‘ﬁ-t parameters are included on the following i)a.ggs
(Figé. 2a-g). The differences betwéen the éaiibration‘relatiéns for tﬁe same plate " -
were. f;un\d to be insigniﬁcémt. Thus, the plots rel;‘!(esent typical results for each

‘V bplate. ‘ ' ‘ ' s .
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Figure 2f
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Secondary Images

The next phase of the reduction process was te incorporate thc secondary images

into the calibration relations. The goal of using a Racine prism is to produce double

images whose magnitude difference is~indepéndent of magnitude. The necessary
and sufficient condition to achieve this is that the time-averaged photometric pro-

files of the gcéonda.ry and primary images must be the same (Christian and Racine

1983). A vérie‘ty of factors can canspire to produce images with different density
profiles. Blanco (1982) in{éstiéated tfxg use of the Racine prism on the CTIO 4m

telescope. He found magnitude dependent variations in the maghitﬁde shift, Am,

» '\’ N N
[

as large as 02 per magnitude, which would lead to large systematic errors from

the use of secondary images in the plate calibrations. Christian and Racine.(1983)

fnoted that the existence of any magnitude-dependent discrepancies in Am implies

that the conditions for the use of the pristh have not been met.

Unforturrately, only the secondary of the brightest standard overlapped the -

. faint end of the calibration relations, This image was used to calculate the magni-

tude shift of the secondaries. All the secondaries were then shifted by this amount

and_ploit;ed with the calibration relations. A visual culling of the plots was made

Rl

to remove any obviously erroneous points, and the data for the secondaries were

carefully examined to determine if they obeyed thé\same linear relationships as

the primaries. . Generally, the secondaries appeared to obey a linear relation for

26
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a range of several magnitudes. Secondaries past this limit (just above the plate

limiting magnitudes) were discarded.

o~

-

The s;zcondarics _th‘aﬂ remained were assumed Fo obey the same linear fit‘as ‘
the primaries. The xhggnitﬁde shift was found by using only the secondary of star
A. However, in an attempt to use all the ix;formation ;x;railab‘le, the rqma.ining sec-
§nda;ries were also used to éstin{ate the magnitude shift, as follows. The‘rms crrof ‘
of the linear ﬁt for the primarigs was calti:ulated including the uéable secondaries
over a range of magnitude shifts. The rang‘c‘\ was adopted to bé +0m235 vcentred on

v

the magnitude shift found for the secondary of star A. The rms error was calcu-

lated over this range with magnitude shifts increased in in crements: of 02001. The

shift adopted was ﬂ‘mtkv‘vhich minimized the rms error. This method assumes that

the secondaries obey the same relationship as the primaries.

The magnitude shift was calculated in this manner for each individual plate. -
The mean shift was 474 + 0709 s.d., but there was considerable scatter in the

results. A similar scatter was also evident for the magnitude shift found with the

- secondary for star A. The magnitude shift for this case was 4770 + 0™10 s.d.. No

evidence of a wavelength-dependencc. of Am was found. A ‘magnitudc shift was
;1150 calculated by Pedreros et al. (1984). The shift ir; thls case .wa.s t-ﬂ:‘tcruxinéd
using 2 plo-t of the iris reading versus magnitude for t\h\;z standards. A~ similiar
plot véas done for the secox‘lda‘g‘ies on a separate piece of g&aph paper, a;nd the

21



plots were overlain and shifted until a smooth curve was formed (Pedreros, private
commﬁnicatian.). ‘The magnitude shift, Am, found by this method was 427310202

s.e.. These results differ slightly from the magnitude shift found for the same
‘Racine pﬁsfn by 'I‘umér et al. (1986) and Turner (private co£fmiunication); who
obtained Am =~ 4'!‘60“wit‘h\a slight vaﬁatic:n due to colour. The value of the shift
found l:y these aw,_lthors is quite reliable since ;hereis a signiﬁcant\ambunt of overlap

between primary and secondary sequences in the clusters used. The different value
of Am found here for'NGC 7790 from the same Racine ptism indicates that it was
probébly not physically placed in the telescope in the exact same fashion for these

observations (which were not contemporaneous with those vy

-

y Turner) or that

\ \.
conditions were ‘not appropriate for the use of the prism.”

Since the successiul use of secondaries requires thgi their density profiles
 be qualitatively the same as those of‘ the primaries, a visual eXa.mi%aiion of the ‘
\steII\a'r images was made. For the-brightest secondaries it was difﬁcult to aeteEt any
difference in the proﬁlcsdascompar‘ed to primaries of similiar magnitude. Hovirevg,
it was n?iticed that except for the‘brightesi secondaries the image density profiles
wv,;re pot saturated. This visual impression was supported by microdensitometer
‘tracings of sevﬁra] secondar& and primary images of the same standard (see Figure
3). The use of a linear rele;tionshié betv&eelxa magnitude and the square of thé 1ETs
reﬁding requires that th.ev density proﬁies be satu.\ra‘;ed. Since this condition was
not s‘atisﬁed by most of the secondaries, it was‘ concl‘uded‘ that they were unliké\ly

28



to be useful for exténding the calibration relations.
o I N

The problcﬁas with the secomiary images outlined above has important im-
plications for the w§rk of Pedreros et al. (1984). They used hand drawn curves to
describe the cahbra;ion curves, which does not require the izmages to be saturated.
Howeve;', if the densit\;' Proﬁles of the secondaries and primaﬁes are fundamentally
diﬂ"ergnt, a magnitude deper;dcnce‘ of Am ina.y exist. This effect was n\ot t;onsid-
ered by Pedreros et al. (1984‘) and could introduce seridu;s systématic ‘erro\rskinto\' .

their data at faint magnitudes. i -

N
e The secondariés were used to put limits on the extent to which the Linear

calibration relations defined by the pfimari:s could be extrapolated. The limits

Fd . . *

were taken to be ﬁ‘?2 brighter than the points at which it bc:can‘le ai;parex_:t that
tﬁé\eecondaries were di;viating &Qrp a linear relati(?nship. The bright-er secondaries
appeared ‘to obey linear relationships {although not;'é:ecessa:ily the same as for the
pxi:;xa:ieS:) as‘long as“t\hey had saturated profiles, and helpeddeﬁn; the turnover
points of the calibrations. The magnitude limits dt‘zrived in this manner were 1774
for the U and V ‘plates and 18™0 for the B plate. (see Figs. 4a, b, and c). The

brighter secondary ~images allowed the linear-calibration relations derived from the

ﬁrimary images to be extrapolated with conﬁdence‘ to these limits.
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Figure 3

Es ' ' e
V=175 Wﬂ\w‘”\m’

' R

'V=1351

= m

V=1823

Microdensitometer tracings of two standard stars and {heir secondary images (“s")
are displayed above. The secondary images were scanned perpendicular to the
" direction of displacement from the primary images. A magnitude shift of 4.74 was
assumed for the secondary images. The profiles of the secondary images do not

appear to be saturated Gaussians. A saturated Gaussian, as seen in the primary

images of stars E and N, is characterized by a flat top or plateau. A stellar image
_with a saturated Gaussian profile corresponds to a well exposed image with a
" black core. The profiles must be saturated Gaussians to obey the linear calibration

relatwns used in this study.
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Figure 4a
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T A piét of the calibration relation for plate 738a (U plate); the filled circles rep-

resent primary images and the open circles represent the secondary images, The o
secondary images have a magnitude shift of 4.74. The calibration fit has been
extended to the approximate magnitude at which the sgcondary images no longcr

_appear to obey the linear relahon valid for bnghter siaxf
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secondary images have a magnitude shift of 4.68. The calibration fit has been

extended to the approximate magnitude at which the secondary images no longer
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appear {o obey the linear %ﬁtxon valid for brighter siars. .
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Figure 4c
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A plot of the calibration relation for plat§ 737b (V pAlatc);‘ the filled circles rep-

V' MAGNTTUDE

resent primmary images and the open circles represent the secondary images. The
sccondary images have a magnitude shift of 4.72. The calibration fit has been
extended to the approximate magnitude at which the secondary images no longer
“appear to obey the linear relation valid for brighter stars.
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~ Calibration Results .

¥y

\ The internal accuracy ;f th;: measurements was investigated by c&mparing the
i&ﬁrage magnitudes obtained foi sta.r;‘on the same plate frc;m two different meix:
s;uring sessions. Comparing results from the same pla‘tewfor .two‘ differefxt mes;surers "

~shoultik ;évealiany systématic differencis bctweeﬁ t:hex:;;. Figure 5 shows tha;t the

results have a high level of internal accuarcy and exhibit no trends between mea-
surers. The student measures were alsg):ompaied with those of the author and -
nc; trends were detected. This indigates tﬁat the iris photometry was done in a .

consistent fashion.

N s
N

'The results of the initial calibration relations were tested for trends using

the program ,stars;. This w;asfconsi‘dered importgnt“f)e;ause the fits were e‘xtrapo-' |
lated past the fé.intgst sta‘ndar‘d\s. Plots were madé of the diﬂ:erences between the
average magnitude derived for each star from the me‘a‘;ure; on individual plates,
- versus its mean maénitu‘dé,'wiih colour corrections appljed. Tr‘ends\ vjver;:: foupd
."in the redué‘tit;ns for the U (and B plates (see Figs.ft;)a and 7a). The data were
. t:h{:? xegx;a]ysed in the fo‘lklow‘ingkx‘nanner. Prog‘ra‘m stars x;nd tileir m,é.gnit'udes ‘
from plates having well deﬁnéd calibration‘relation‘s‘wére‘ used as supplementary
staadards fqr the other calibration relations. These supplementary standards were
" given half—wéiéht a‘n‘d\new‘ least sq;uattes fits were calculated. This refitting pr.oée—
‘dure wes ;nostly successfully m Blieva;ng the -obvious trenﬂs in the resiciuﬂs (see
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~ Figs. 6b and 7b).
Colour equations

To ensure standardization to the Johnson UBV system, colour equations were

applied to the data. The equations were of the fol]owiné form,
Vee = Vg = a1+ ba(B - V), (1) | - f\/

(B;V)pefaz-pbé(B_v)pg (2

(U-Blu=atby(U-B)y  (3)
for simplicifly of calculation. Simple least squares fits were performed, (~Fig§‘ 9a~
c) on the data, and Table IV ‘lis'ts the re;qiting solutions. Strictly sl;eakirig, large

, . . A
errors exist in .the‘ photographic magnitudi;s and colour‘s‘\so that a least squares;
fit aséuming no errors in the p‘hotograpl;ic data is n§t ap‘p]ical:)lej However, ihg
photogmp}iic system is only mﬁ‘rginally different from thg ‘standara Johnson UB\}
system. Equatjons (1) andy(2) have s.loées and interc‘epts; J;ust‘ over ‘t\he one sigma
level ir\om\‘a‘p exact nt;atch, while the para;n;etqrs of ey&gtion (3) are within one
sigma of an exact match. :I‘his‘ indicgtes that ;:o}oixr corrections to most s‘-tars are
quite small. The diflerence if; tile correi:tiorgs between a least ‘squares fit assuming
_no rroms in the photographic data and a more sophisticated fitting prﬂocedure“

would be vanishingly small. o
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Figure 9c
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Figures 9a, b, and ¢ show the ¢olour trends that are present in the photographic
‘measurements of the standards. Least squares fits have been drawn through the
data. Itis apparent from the plots that the photographic system closely reproduces ’
the standard Johnson UBV system.
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Table IV
Equation atsd. . b+sd. rms corelation
B ) : - coeflicient
J (1) —0.029+ 0.023 .| 0.031 £0.029 | -0™057 0.180
(2) 0.027 +0.018 | 0.979 + 0.023 0=045 | 0.991
(3) —0.001 & 0.012 1.021 & 0.031 0043 ©0.993

7
" The u#certainty in the magnitudes a;cxd colours aﬁsing ﬁom the .ﬁts to fqua- :
tions 1 - 3 c;a.n be esti‘ma‘tedﬁom the errors of ‘tim ﬁt.parame_ters, From Table
TV the errors are AV = £07057, A(B — V) = £07045, and A(U - B) = +07043,
wiﬁcﬁ are qui;e small for ];llott‘)gr‘aph_icdata. The photdelecitﬁc standards have a’
VVid!; range of colours. Thus, q;ﬂy‘pr(;gfam stars with extremc; colour termé will
lie outside tl‘xe‘ raﬂge over whid;;he colour eq'ua.ti&fs are aisp]jcable.

’fhe ﬁ;icéﬂaintig# quoted from th; erforsin the co»lour\ equations are Vproba.bly
: not rca.list‘ici msesé@ents of t\ie: erro;s‘ iﬁ ;.he‘ pr;gram stazls., which are m§gmtnde
r"épex\‘dém\ (see Figs. 5—3). Né\os‘t‘()f t:he‘ pmgllam stars lie at the faint ;:nds of the
célibratip‘t; seqt;ences, a.nd‘th‘éir ungertaihties are best ~d«:te'rntﬁm'.d from a com-
parisﬁni of \pla.te av;ragcé. The mea;n sianda;-d Qeviat‘iox;s‘for‘all p,rogram‘ stars
calcula@ed in this mannper are AV : ¥U‘5‘061, AB = iO‘!‘046: and AU = +0%058.
These correspond to u_nce!“t&iniies in ‘th-e éolol;t tenhs of A(B - V) = :t0‘5‘076 and
A(U - B) = :0™074. These errorz; are a more accura.;e reflection of the uncex;;

R

tainties in the measurements than the errors.from the colour equations. -

o
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- Chapter Three

| Dereddening .

The bane of aﬁtrouonie:s that. work in the optical region of the spcctmfn‘ig inter-

stellarextinction, the effects of which must. be carefully taken into account in any

optical study. Interstellar matter absorbs preferentially in-the blue, hence making %

this ‘“reddex;ing”' 61\@1: ex/presse\d‘ as a ratio of colour excesses from different re-
' gxons of the spectmm, the ratno for the Johnson UBV system is EU_B/ Eg_v. An
average galact:c value often quoted for this ratio or reddemng slope is about 0. 72
‘ . +bEB_v, where b= 0.05. The second term o}t the relation is sometimcs called
the cﬁrvatu;e term, #ﬁd is usually nc:gligibie over small ranges of reddening. The
total amount ;f visual extin;tion',‘Av, is related“to the colour éx;:éss by the rela-

tion A\. = Rv X EB v, the value of R, generally lymg between 3.0 and 3 3. Turner

[y

(1985) found that the va.lue of EU B/En v varied from 0 62 to 0.80 in six dlﬂ"erent

" . regions, with an average close to 0.72. Of these six regions in the ga.lactxc plane, :

-

only one was within one o of the ‘avera;ge. Although average values for interstellar
a,Bsorptjoxi can act a\s‘a guide, individual regions of the sky should be treated as

such.

X

It is possxble io ca.lculate the reddening slope for a regmn if photometnc and

*

B Spectroscopm data are available. For NGC 7790 the on]y ‘Spectroscoplc observa- :

45 ! T «
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. ije;ts observed _through it appear redder than their true colours. Quantitat"w\erjrﬁ ‘



tions are those of Kraft (1958), ;vl;o observed seven B- -type members. O\;nng to
the dxfﬁcultles of spectral classification for mxd-to-late B- typc stars (which have
few spectral lines that are ﬁ-equcmly “washed ou\t# by rapid rotation) and the
highly‘ sensitive s_pectlial i‘:ypcidep‘ez‘ldcnce‘ of intrinsic UBV colours for these same

s{;’;, the prospects of reliably determining the reddening slope for the. field of

NGC ”7790 from the data available for this cluster are poor.

-

The prospects in‘iprové if one is willing to examine the surrounding field of

AR ]

- ~

‘ the cluster. Turner ( private communication) obtained a reddening slope of 0.76

for the sia; field of Berkeley 58 using spectroscopic and photographic data for

stars within a few degrees of the cluster centre. Berkeley 58 is an open clusterv

~ 40' from NGC 7790, located at a1ps0.0 = 2325726, 619500 = +60°41' (Ruprecht

\-,ei aI 1981) The d:ameter of the field of study of NGC 7790 is about 14/, placmg.

Berkeley 58 only a few cluster dxameters away. On the Palomar Sky Survey there

is no obvious difference in the extinction between the two clusters (except for some

patchy clouds in Berkeley 58); and the dust cloud responsible for the forcgrophd

o reddening in this field is only about 500 pc distant (Lynds 1968). It therefore

appears gasoi:able to adopt a reddening slope of ‘ﬁ.'{6 fo.r NGC 7790, as ixfdi(‘:at\ed\
by stars in the fieid of the clustexj. The curvature term of the redde;ning sl\opg‘waé&
assur.ad to be ge;d in this study.‘ This is a reasonable approximation since the
range 0. colour-excesse; Io? Jthe sta.z’é: in NGC 7790 is too small for the curvature -
in the ratgb By-5/Ep_v to be iim‘mrtant.
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S‘t;us ;)Bgerved in a.l‘l\ three passbands were ixiélividually dereddened in this
study. ;I‘h‘cre were f:h.irt;:gn standard stars with no p‘hotoelectri‘c«U observations,
wbic]; were analysed as follows: Colou‘r corrected U, B, :;nd v éhotogr#p\hic mag- \
ni.tu‘de.s wére ca.‘lculaaLted~ and the photc;gllaphic U ~I.nagnjtudes- were used with i;he
" photoelectric B ma.gi;itudé;s to of)tai‘n values f;dr (U -B). \Fc_)r stars with pgorly
determined B gnd‘V mag;xitudes (i.e. one observation) and those standards thai
_were consistently rejected from tl‘le U plate calibration rélations, the ;hotogr:;.ph-i»c
n‘lagnitud'es wgré use;i; The magnitudes, colours z;nd adopted reddening solut;c‘ms

are documented in Table V . The values for the reddening have been ;orfected to

that expected for a BO star using ‘a relation obtained by Fernie (1963), namely

Ez-v(B0) = EB\_V/[(»O.Q’?‘ - 0.09(B _ Yol
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Table V

BV

)

16.08

Star|{ V V—-M, | Eg_v
1 | 15.86 +0.51 +0.36 +0.18 13.47 0.35
2 | 1446 |. +1.31 +0.78 — — —
3] 1571 | 4118 | — — — —
4 | 13.33 +1.59 +1.40 — — —
5 | 13.76 +1.53 * |- +1.06 — — —
6 | 1605 | +0.82 | +0.21 +0.52 1170 | 0.33
7 {1594 +0.74 +0.41 +0.28 13.09 0.48
8 | 1563 +0.56 +0.38 -0.02 . 14.21 0.60
9 | 1536 |. +1.72° — — — —
11 | 1490 | -+1.70 - — — —
12 | 1577 +0.56 +0.33 +0.25 13.09 0.33
13 | 1539 +049 | . +0.51 — — —
14 | 15.86 +0.63 +0.42 +0.22 13.33 0.44
18 | 15.42 +0.70 " 4+0.38 +0.29 12.55 0.43
19 | 1530 | . 40.46 +0.36 +0.04 13.57 0.43
23 | 14.81 +1.80 - — — —
24 | 15.20 +0.56 +0.32 ° —0.04 13.98 0.62
26 | 15.71 | +0.49 +0.48 - — —
27 | .16.04 +0.57 +0.37 . +0.22 13.49 0.37
28 | 15.31 +0.58 +0.46 . +0.12 13.17. 0.48
29 | 15.82 +0.73 +0.43 +0.27 13.04 0.49
30 | 15.97 +0.72 +0.35 +0.32 12.91 042
31 | 16.03 +0.87 |- +0.28 +0.47 12.04 043"
32 | 15.88 .| +0.69 +0.39 +0.27 13.08 0.44
33 [ 15.90° +0.51 +0.44 — o —
34| 1559-| 40.58 . +0.38 +0.21 13.07 0.39
35 1 1578 | - +1.02 +0.37 40.52 11.43 0.54
36 | 13.68 4+0.43 +0.05 - -0.10 12.22 0.55
37 | 15.40 +055 | . +0.44 "+0.04 13.65 0.53
38 | 14.72 +0.45 +0.17 -0.07 13.77 0.53
39 | 13.21 +0.16 +0.18 — i —
40 | 1322 | +0.35 -0.14 -0.15 13.15 0.51
41 | 12.52 +0.31 +0.00 =0.09 11.79 0.41
42 | 14.79 +0.96 +0.36 +0.60 9.97 0.39
43 | 14.66 +0.80 +0.32 +0.39 11.22 0.45
44 | 16.04 +0.81 +0.21 — —_ -
45 | 1594 |  +0.82 +0.22 — — —
46 | 1597 | +0.88 | 40.27 — —_— —
47 +0.78 — — — -
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‘Table V (continued)

v

88

49

.| Star (B—-V) (U-B) (B- V), V—M, | Ep_vy
48 | 15.29 +0.84 +0.24 — — —
49 | 15.84 +0.97 +0.22 —_— — —
50 | 14.49 +1.70 +1.10 — — —
151 | 14.74 +0.36 +0.26 +0.00 13.20 0.37
52 1 13.14 +0.38 -0.07 -0.13 12.91 0.52
53 | "15.73 4058 | +0.26 +0.31 12.74 0.29
55 | 1310 | +0.42 - —0.08 —0.15 18.09 0.57
56 | 15.37 +0.61 +0.26 +0.33 12.29 0.29
57 | 15.85 | - +0.58 +0.35 +0.25 13.18 0.36
58 | 15.87 +0.58 +0.52 — — —
59 | 14.11 | . +1.52 +0.88 S - — —
60 | 15.49 +0.59 +0.42  4+0.18 - 13.09 0.43
61 | 14.67 " +0.54 ~0.05 . -0.17 14.96 0.72
62 | 13.27 +0.49 +0.06 —0.12 12387 0.62
63 | 14.71 | - +0.49 +0.23 —0.06 13.65 0.56
64 | 13.65 +1.67 | +1.44 — —_ —
65 | 15.72 +0.68 | +0.44 +0.28 12.88 0.42
66 | 15.59 +0.75 +0.56 - +0.17 13.23 0.61
67 | 16.15 +0.58 +0.43 +0.16 13.84 0.44
68 | 15.80 +0.62 +0.34 " 4+0.29 12.93 0.35
69 | 15.68 +0.99 +0.31 D— — —
70 | 16.06- | +0.53 +0.36 +0.19 13.60 0.35
71 | 15.76 +0.53 +0.51 _ — —
72 | 15.99 +0.62 +0.37 +0.25 13.32" 0.39
73 | 16.01 +0.83 +0.46 +0.31 13.03 0.55
4 | 1390 | -0.25 | +1.38° — — —
76 | 15.73 +0.94  40.34 +0.59 10.69 0.38
| 77| 15041 +0.81 +0.32 +0.40 11.55 0.45
| 78 | 16.06 +0.67 - 40.31 - 40.32. 13.01 0.37
79 | 16.04 "4+0.63. +0.29 +0.31 13.04 0.33
80 | 1571 | +40.54 +0.32 +0.24 13.07 0.31.
81 | 1517 | - +0.39 +0.31 —0.02 | 135 0.52
82 | 15.28° +0.47 +0.33. | +0.18 '12.89 0.31
83 | 16.13 +0.60  +0.37 +40.23 13.52 0.38
84 | 1516 | +0.90 +0.35 +0.42 11.48 0.52
85 | 14.81 | +0.74 " +0.60 — — —_
86 | 14.02 +0.51 +0:09 -0.11 1353 0.68
87 | 13.66 +0.44 ~0.20 —0.16 1% 0.64
15.00 | +0.46 —-0.03 —-0.14 14. 0.59
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Table V {continued)

B=-V)

(’B—i)o“

50

. Star \'2 (U.-'—B) Ep_v
| 89 | 1567 +0.68 +0.20 +0.41 12.11 0.29
90 | 14.24 +0.92 +0.22 — — —
01 | 14.27 +0.69 | +40.48 +0.19 11.81 0.52
93 | 15.70 +0.58 +0.34 +0.25 13.01 0.35
94 | 1527 | +0.49 +0.39 - +0.11 13.18 0.40
95 | 12.70 +0.44 —-0.19 -0.19 13.35 0.64
96 | 15.05 | +1.78 — — — -
97 | 15.27 +1.58 G — — —_ 1. —
08 | 1407 | 4018 .| +0.48 — — / —
99 | 13.04 +0.51 | +0.26 ~0.05 11.89 0.57
100 | 1442 | +048 - | +0.12 wm — —
101 | 16.77 +1.00 —_ — — —
11021 1650 | +0.94 —_ — — —
103} 1656 | +1.18 | — — — —
104{ 1645..{ +0.94 — — — —
105 | 16.77 +1.10 - — — — —
106.| 16.78 +0.85 — — — —
107 { 16.51 +0.81 — _ — —
108 | 16.82 | ° 40.78 - — — —
110 | 16.84 +0.76 — — —_ —
112 | 1688 | +0.92 —_ — — —
113 | 16.27 +0.75 +0.26 +0.40 12.76 0.38
114 | 1541 +0.57 +0.34 ~0.04 14.16 0.63
117 | 16.73 +0.87 — —_ — —
119 | 16.38 +1.09- — — — —
121 | 16.73 40.96 — — _ —
122 | 16.80 +0.83 — _— — —
124 | 16.31 +0.77 +0.28 +0.40 12.79 0.40
125 | 17.03 |  40.96 — — — —
127 | 16.18 +0.67 | +0.35 +0.29 13.28 0.40
128 | 16.98 +0.99 — e — —
‘129 | 16.07 | +1.61 — — — =~
130 | 1665 | +0.76 — — — -
137 | 16.66 +1:19 — — _ —
138 | 16.20 +0.92 — — —_ —
141 | 16.90 +0.95 — — — —
143 | '16.66 +1.60 — — -— —
| 146 | 16.50 +0.98 — N —_ —
»
™ .
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Table V (continued)

280

Star| V | (B-V) | (U-B) | (B=V). | Y- M,
148 | 16.35 +1.65 Jp— . —- ‘ [ T — —
150 | 1690 | 4081 — - — —
156 | 16.99 +0.87 — — — —
161 | 1666 +0.76 —_ — — —_
1165 ] 16.33 +0.77 +0.29 +0.39 12.85 0.41
167 | 16.93 +1.00 — — — —
168 | 1556 | +1.63° — — — —
171 | 1624 +1.12 — — — —
174 | 1669 | +0.79 — — — —
{1751 1682 +1.04 —_ — — —
176 | 16.03 +1.64 — — — .
181 | 16.46 +0.69° — — — —
183 | 16.50 +0.81 — — — —_
184 | -16.80 +1.02 ° — — — —
185 | 1618 | . +0.66 +0.31 +0.32 13.15 0.36
188 | 16.68 +0.83 — — N —
190 | 1572 |  +0.45 +0.37 +0.11 13.63 0.36
202 | 16.58 +0.94 - — — ‘
211 | 16.24 4+0.99 — — — —
212 | 17.05 +0.93 — — — —
213 | 16.96 +0.81 — — — —
214 | -16.13 +1.12 —_ — — —
215 | 16.94 +0.90 — — — —
221 | 16.33 +0.89 —_ — — —
228 | 1637 | +1.15 — — — —
1230 | 1613 | +1.16 — — — —
231 | 16.07 +1.22 — — — -—
1232 1688 | +1.09 — — —_ —
‘235 | 16.79 +0.93 — —_ — —
236 | 16.59 +0.83 — —_ — —
241 | 16.50 +0.74 - — — —
244 | 16.80 +0.90 — — — —
248 | 1701 | - +0.92 — — —_ —
255 | 16.84 +1.12 — - — —
262 | 16.49 +0.81 — - — —
267 | 1624 | +0.63 - 40.37 +0.26 13.51 0.39
276 | 16.69 +0.83 — —_ — —
277 | 16.00 +1.14 — ——— — —
16.62 +1.24 p— - — —
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Table V (continued)

[Star] -V B-V) | (U=-B) [ (B-V), V-M, | Eg_v
286 | 16.08 +0.68 +0.42 | +0.24 13.44 0.46
289 | 15.66 +1.36 — — - —
200 | 16.79 +1.19 — — — —
291 | 16.82 +1.03 — — — —
202 | 15.54 40.55 — — — —
297 | 16.87 | +0.95 -

108 | 16.03 +0.72 +0.42
178 | 16.02 +0.55 +0.38
16 | 1533 +0.62 —

208 | 15.77 +1.00 +0.37
214 | 1598 | .+40.71 +0.46

25t 15.44 +0.68 +0.36
100%} 14.39 +0.44 +0.11
A ] 1111 +0.28 -0.53
B | 1218 +0.43 —0.02
C | 12.50 +0.58 +0.27
D | 12.63 +0.46 30.32
"E | 12,79 +0.43 —0.04
F | 12.87 | +2.00 +2.06
G | 13.18 +0.57 +0.38
H | 1319 | +0.53 +0.35
1 13.22 +1.25 +0.85
J 13.24 | 4056 | 4038
K| 13.23 +1.53 +1.34
L | 13.30 +0.73 0.16
M | 13.37 4039 .| -0.07
N | 1351 | 4047 4+0.07
O | 13.52 +0.43 —0.01
P [ 13.63 +0.83 +0.17
Q | 13.80 | +0.48 . +0.06
R | 1417 +0.41 +0.02
S | 14.29 +0.53 -0.23
Tt | 1419 +0.83 . +0.25
U | 145 | 4060 +0.40
vi] 1455 +0.50 +0.25

P UBV photogmplﬁc magnitudes

! U photographic magnitudes -
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Tabie v (cdntiﬁued)

v

~(U -B)

Star ; {(B-V) (B-V), V-M, Fp_v
W | 1459 | +1.49 +1.11 I — _
X | 1465 | '40.46 +0.12 —0.09 13.92 0.56
Y] 1475 | +1.39 +0.84 . — — —
Zt | 1473 +0.52 +0.21 —0.08 13.86 0.61
at | 15.01 +0.67 +0.37. " +0.28 12.16 0.40
bt | 1514 | +40.51 +0.31 —0.03 13.80 0.56
| 15.42 +0.87 +0.16" — —_— —
dat | 15.68 +0.95 - +0.35 +0.45 11.84. 0.43
et | 15.87 +0.50 4+0.34 410.19 1 -13.44 0.32
£t | 16.02'] +0.75 +0.20 3+ 12.06 0.32
gt | 1617 4089 | +40.20. L J— —_— —

- 1U photographic magnitudes

; .‘ t UBV photographic magnitude
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Figure 10

12

Two Colour Dié‘gram of the stars in the field of NGC 7790. The intrinsic two
colour relation and reddening ‘slope used in the analysis have also been plotted.

The error bars represent one sigina (see text for details).
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Figure 12
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Intrinsic Colour Magnitude Diagram of NGC 7790 (f:lilcd circles represent indi-
vidually dereddened stars and open.circles represent stars dereddened with mean

Ep-_v). The larger reddening solutions were used for most stars. Note the paucity
of stars between (B - V), = 0.10 and (B - V), = 0.20.
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Imrmsxc colour wversus reddening plot Note that stars w:th (B - V), < 0.10 tend
to have larger reddenings than stars with (B - V) > 0 10.
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The data were dereddened to johxiso_n’s (1966) intrinsic colour relation for

.main sequence stars, and multiple reddening solutions were noted. Figure 10 shows

) e

a two colout plot of the stars and the intrinsic colour relation used. In particular,

some stars have uniqué reddening solutions, an“gl these helped to describe the

~

‘spatial vanation of reddening across the field. The process of choosing the correct

solution required careful consideration. ‘Many stars in the:BA star bump had iwo
reasonable solutions. A colour ﬁ:ag_nitudé diagram -was plotted using both sets

of reddening soluiibxis. Idgally, thi:\ dereddening process should ﬂoi introduce“a.n'&

.‘pécﬁlia.ri‘ties into the colour magnitude W“D‘\T:t in the ongmal

4 (see Fig. 11). Adoptmg the larger reddening solutions for ma _SLN_J:J to an“

artxﬁc:al feature not seen in colour ma.gmtude dxa.grams of open clusters, namely \

a gap in the main sequence around (B - V)o~ 0.1 (see Flg 12).. Systematlcally

¢

choosm§ the la.rger reddenmg solut:ons led to an undersamphng of stars thh

(B- V)o 0.0, This undersamphng was partxcu]arly notlceable for A type stars.

-However, the plot w1th smaller reddemng solutxons does not ex}nblt this problem

(see Fig. 13). Since a rglatively smooth distribution of stars exists a:long the main

‘sequence with the freqhéncy of stars steadily increasing with later spectral type,

_ the smaller reddening solutions for most stars near the BA star bump seem Likely .

¥

*

to be correct.

The intrinsic colour versus reddening ‘jplot clearly showed that late-tyme stars
had systematically smaller reddenings than early-type stars (see Fig. 14). This
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trend was also evident if the larger xzddeniﬁg solutions were adopted. A similar

effect can be seen in several other clusters (Turner, private communication), and a

possible explanation for this phenomenon (still only a working hypothesis) is eir-

cumstellar reddening. For stars with (B — V).> 0.10, (Ep-v) = 0.40+0.06, while

for stars with (B - y)o< 0.10, (Ep-v) Z 0.57 :E‘0.0;?. This di§persi§n in reddenigg
is ide:ntickal to what is seen in otggr clusters (Tume;, priiraie communic;tion)_. Th§
m_vera.\]l mean redde?;ing of the measured stars is 0.48. Bpweyqr; thé ;renci fiaund in
the reddening makes the usefulness of a mean clusfer redde‘hing somewhat ques-
tioimb_ig'. A similar trend was alsofound in (U - B‘)‘ colour excesses. Stars with
(U= B), < —0.06 bad (EU_Q = 0.44 4 0.06, while stars with (U — B);, >z—0.oe
had “(EU‘\_B‘)~‘= 0.20 + 6.07. .The trend in feddenil_;g for early-.typc stars cannot
i)e explained b}L the t‘:mlutioni
(B-V), S ~——‘()‘.1-{_) appéar to ha,ve"i\jolved ‘a,v;'a:‘,' from thc ‘ZAI\&S (see Fig. 19).
Although they will ha;ie slighter redder intrinsit‘.‘ ;:glours than stars on t#e ‘ZAMS,
‘the difference is‘ too small to account for the observed ‘trexﬁza. Most auth_or; have
‘fou#d (Eg-v) > 0.58 for NGC 7790 (Sandage 1‘958, Pe:dreros\et‘ al. 1é84, Mateo
and Ma(:it;re 1988), but this ciearly applies only to the cluster B stars. The trend
found in thefbm;ent study n::‘aly cx;;la.in some of the des‘cr;al:ianéies in the pqﬁished
Qistax.:ce estimates for NGC 7790, since Zero Age Main 5cqucnc¥ ‘(ZAMS) \ﬁts
clearly depend ;lpbn,the adopted réddenings of the faint stars wh:ch are heavily

weighted in the fits.
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Sandage (1958) qalctﬂa.téj:l the reddening of NGC 7790 to be Ep_v = 0.5\32.‘

His study jmd a strong sgiect‘.ioﬁ effect fa;rouring early-type stars becau;e of its
magnitude Im:ut The n?:#énikude limit was “pa.rti‘cu];rly severe in the U passba._nd\,

‘ and restﬁcted the number of stars that cc‘mld\ be inciividually‘ tiefeddened. Sand.age‘ :
therefore observed \-rirtua.l\]y ‘no fsta,xls with (B —V).> 00 Owing ‘to the trend
\fou‘nd in ti:é re‘d‘dem't‘lg, ‘one would expect hi‘r‘n tkt‘) obta‘in‘ a larger 1;1éan re;idegling

than that found in 'this study, but his results are aflected by the systematig:a:lly

blue colours of his photoeh:ctric photometry, which produces systematically small’

_ -colour excesses. Pedreros et al. (1984) used essentially the same data and de-

reddened each star indjviduany, yet arrived at a much larger value for the mean

reddeniﬁg; they found {EB_\}‘) = 0.64. The large gap seen in their observed colour

*

magnitude diagram for cluster members is some cause for concern and suggests
a problém with the colaurs or with the adopted reddening solution (see Fig, 15

a,b).-The gap is not present in their observed colour magnitude diagram, which

- hints at a problem with the dereddening tgchni.que :adopted.

- The value of (EB-V$ for a cluster can de‘g)end on the method used to o‘b'tai'n\ |
it.. Oni; fast ;J;éthod still frequently usea is to shift the tY{C"D c‘olourdiﬂé for clugter
stars to a best fit with }he intrinsic rglaj.ion. If emphés‘is is placed 0_-n mat}:hir;\g star‘s\
in one particular spf-ectral range, systematic trends in, the redq;ﬂing.go‘mﬁt;ticed.

N

A poor fit over a particular spectral range could easily be «aﬁribu'ted to scatter

~in the data. It therefore seems desirable to individuﬂy deredden stars to ensure _

"6l



" that no such no such trends in the data are overlooked.

The above methodﬁf shifting the stars to'an irx‘irin;ic two-—coiour %lati\on was:
‘ usec‘l- bsr Mateo and Madore (1988) in tﬁeir stﬁdy; they obtained (EB,\}) = 0.56.
Ag eia;rﬁnation of their two colour diaérdm reveals that the stars in t.h;e B t‘o A
. spectral range fit the intﬁnsic relation éuitt well, while later tiype stars appear t‘o A
licsy,stematiéa.lly on the blue side of the relation (see Fig. 16). It would appear
that a gmaﬂcr reddening would be more appropriate for these st;:.rs as indicatér]\ b}"
the présent‘, more detailed, study. 'I“he reﬂdexﬁng théy fo;lnd for §tars that'bést fit
the intﬂnsic‘two co]ourk reiatioxi(i.e. (B — V)o< 0.10) is in close agréeﬁent with
the red(iening found for similar stagg by this authér. The small difference \of 0’.“01“
in the values of (En_v. } can be; explained by the different‘ redc?ening sloi;e ﬁsgd,
which points Qut‘tﬁe need to aaopt feadening relations valid ‘for the x:egion' of the

: Gai‘axy being studied.

A coxﬁpa.ﬁson the two colour plots of this study and Mateo and Madore
(1988; reveals a marked difference bgtween_th§ two sets o.f daia (see Figs. 16a,b).
Thg i;lot ‘from this: study shows that siaré are systexﬁati;:ally above the intrinsié

~ relation. This difference is too l&g? to be expla.inea by the h.fxc?rtainities in
(B-=V) and {U—-B) in ‘the ;;résent study.- Similarly, systematic errors in the
calibratiox; relations large enoﬁéb to explain the difference seen; véty’ @ikely.

The source of the descrepancy between the two studies is not known.

62



s
Figure 15a . Figure 15b
N l e e s SRR 2} T " - e B
-‘l 1 12 -3
; . :
o ® °
, @ y & -d
M I TR ° 3 ? H
o8 o ° e @ 50 o ]
11 1 3 o
o o o o0 %,
° o o
1 ° ° o ) °s b FES .
g 2 o o © 9%5
> % z : ? BS 0
’ s k3 & o K -
1 q a o 18 faed p
" :‘8 L OQ ©
° Pe P R o‘ﬁ o
np 8 A v ses .
o » °é" 90 ?Hw
: e TR Hoe 1 LY .
o o @ E
° L] o
w ° o © 1 10 b > —t
ToeT TSRS e o T e mo;‘—_—;?‘“ T TR TR LY
B-V - . iR}
v
. i :
Figure 15a: Colour magnitude dmgram from Pedreros ¢t al. (19‘84) for stars in the
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NGC 7790 :
E(B-V) = 0.56 o .
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~Two colour diagram of stars in the field o% NGC 7790 from Mateo and Madore

(1988). Note that the intrinsic colour relation fits stars of spectral class B and,
A, while stars later than A appear to be systematically on the blue side of the
intrinsic colour relation.
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Figure 16b
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Two colour diagram of stars in the field of NGC 7790 from this study. The intrinsic
relation has been shifted by Eg_v = 0.57 along a reddening slope of 0.76. Note
that stars after the. BA hump appear to be systematically above the,;ntnnsxc
relatxon Compare with Fig. 16a




The ‘ﬁeld of NGC 7790 fvas examined for any spatial correlations in‘the ex- ‘
tinction. Since the early-type stars exhibited systematically larger colour ex;:ésses,
~ possibly due to circumstellar reddening, the gna]);sis was restricted to ;mlues of ‘ ~
Eg_v for étars with (B~ V), >0.10 (se;z Fig. 17). .A plot was also constructed
that included all stars. There‘w;;e no obvious spatial corrda;ions in the coiour .
excesses in cither diagram alth‘ough some trénd§ were evident in the plot rest:'icte;:l
o stars with (B = V), > 0.10, The tstiméted error, AEp_y = 0™02, is too small
to explain the observed differences in ‘rcddening between stars in cic;se ‘1‘>rox:iu‘1—
ﬂy This saxﬁe resu]t was found by other mvestlgators (Sandage 1958 Pedreros et
ol 1984) It appears that the dust obscunng NGC 7790 has a chstmctl} patchy

-distribution.

A vaniable.extinction analyéis was undertaken to determine R,, the ratio
. of total to selective absorption. . Since the stars in a cluster are at & common
distance, the distance modulus of individual stars in the cluster should be the

same except for variations due to extinction. The amount of total extinction, A,

equals R, x Eg_v. Ti;us, ‘ - _ ‘ *
V-M,=C+R, xEg_v

where C equals 5logd — 5. I-feﬁce, cluster stars on a V — M, .vt‘:rsus- Ep_vy plot
should lie on a straight hne with a slope of Ry. The va]ues of Mv u‘sed \ix‘z this
\analysxs are obtained {rom thc dereddened (B V)ocolour, under the assumptmn
that the star lies on the ZAMS.
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Figure 17

Field Reddening Chart of NGC 7790. The reddening values (x100) have been

plotted in red for stars with (B — V), > 0.1. Stars in close proximity tend to have
similar reddentngs, ever, numerous exceptions to this observation exist. The

_ reddening across the field of NGC 7790 appears to be patchy.
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THE QUALITY OF THIS MICROFICHE LA QUALITE DE_ CETTE MICROFICHE
1S HEAVILY DEPENDENT UPOR THE DEPEND. GRANDEMENT DE LA QUALITE DE LA
QUALITY OF THE THESIS SUBMITTED  THESE SOUMISE AU MICROFILMAGE.

“ ' FOR MICROFILMING. ‘ ‘ :

UNFORTUNATELY = THE® COLOURED  MALHEUREUSEMENT, LES DIFFERENTES
ILLUSTRATIONS OF 'THIS THESIS ILLUSTRATIONS EN COULEURS DE CETTE
CAN ONLY YIELD DIFFERENT TONES THESE. NE PEUVENT DONNER. QUE DES
'OF GREY. ‘ ; . TEINTES DE GRIS. . \
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~

This type of analysis iks\sukb;iéct {0 various sourc,es‘qf error, and it is \;lsefui
1o review i:hcse to fully appreciate the limitations of the analysis. The prdcéss
of dereddcning\ causes random pho\tomct-ric errors in (B — V) and/or (U — B) for
B and A stars to result in systematic scatter in the variable extinction diagramz

producing artificially large values of Ry (Turner 1976). The use of a reddening

line in the two colour plane to deredden stars leads to a corre.ktlon between the

derived values of M, and Ep_v. If Eg_v is undercstlmated then the derived

value of M, is too large (V — M, is too small), while an overes‘{imé‘te.o{ Ep-v

_ leads to an underestimate of M,, (V- Mv“too‘large)‘ 'As noted b).r Danks (1987“)»
- this forces péi_r_xts to thé ui);;e’r ]c‘ft\ hand and lowe;' right hand corners of the gréph,
respectively, thus increaéing Rv\ #boye its true value Contamination b} ﬁf:ld st;xrs
‘. ({oreground ol;jects of small réddening or baf:kgrouh;l)‘é,rs of iarge r;zddening)

also tends to lead to la.;éer values of R, . Binaries and evolved stars will have their

absolute ]Juminosities underestimated by assmiﬁﬁg ZAMS values and hence will ie "

systeinatically‘ away from the main sequence strip.. To make use of realisti¢ cluster

~

data the slope of the rglation must be determined from a lower envelope of stars.

The variable extinction plot was carefully examined to determine what stars
were useful in calculating R,. The main sequence was taken to be the lower
envelope of stars. This envelope appeared to be approximately 0280 wide i’

V - M,, if stars 88, 61 and S are rejected as likely background objgcts (zee Fig.

-

18 a,b). The rej‘ectio‘n of stars above this envelope was made in an attempt to
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\
minimize the errors discussed above that result ‘{rojm theiinclusirm in the analysis
of unresolved binaries, or evolved and fér‘eground stars. Hﬁ" indices measured by

1} Schmidt (1931) wcrg‘used to calculate M, for a few ;:izolvgd cluster members based
on a\'co;'re\lation between absolute magnitude and the HB ind;:x. These caleulations

s

were added to the plot. Table VI lists the stars used in the calculation ol Ry. . :

The determination of the slope of a data set requires’some consideration of \
' s

>

the errors prcs\cnt ir; the. data. Due to the slope of the ZAMS relation a rela-
tivel); small error‘in‘(B — V), leads to a much larger error in absolute‘magnitude.
However, small grr(;rs in the .colo‘m; terms d;) not”fesult in a large ur‘lcerta.int‘y n
~the v%ﬂue ‘of the red.déﬁx\iing. Thus, mosi; of th? ugcer\tainiy in the data u;ed to
calculate R, lies in the V — Mv term. banks (1987) investigated this‘pléc):blem
“ and estimatz‘;d cfllors to~b‘e‘ A(V - Mv) = +0™39 a;ld AEg.v ‘: +£0m02. T}%eésq iy
errpré wérc cm:;sideréd reaéqna:blé est‘i'mate;*s for the errors i‘i) this study.because
of t‘he éi“nﬁlar.reddening parametér"s; u‘ncértainties in colour, and reddening values
. between the t%vo studi.c:s.‘ ‘
i . ‘ - . -
!

Several m\c{:th‘o'ds of analysis were used to estimate the valtic of R,. A least
squares fit, a.ssunﬁng\tbﬂc{eddening values to be error free, was initiaﬂy uscrfi. Since,
A(V - M,) is \m.uch greater ‘tha.p AEB_V this is a rcasonable‘ approximation. A

) | least squares ﬁt. ?hat -1‘1$ecf ‘;v’vei{égts for the points accm@ling to the errors‘ in e.ach

coordinate was also computed. A prqggim developed. by Reed (1988) was unsed to
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1. TableVl' ..
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t 24 9
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53
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68 |
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13.00
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13.35 °

0.57 -
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. perform this analysis and error estimates from Danks (1987) were used to generate L

" weights for the data. A least squares analyéié can be skewed bj points at either

. end of a fit. Although obviously erroneous points were excluded, the short range

of reddéning values m;.kes the fits somewhat sensitive to the end point: values: To

L8

minimjze this problem a noh;ﬁaramétrie fit was also made. This type of analysis
calculates the slope between every pair of points and the median value is adopted
as the best fit. A -nonparametric fit is less affected by outlying points.. The best

fits were computed with and without the values from the HB study, and the results

are listed in Tabl_:VII .

‘T‘able viI
Analysis- |, - UBV Data . Hf & UBV Data
Least Squares "Ry, =295+ 0.31 ' R, =318+£024 ;
_ (umx_reighted) V.—-M,=1218+0.14 V. ~M, =1210+0.11
Least Squ{ares ‘R, =2.9840.31 \ R, =323& 0.24 )
(weighted) Vo—M, =1216+014 | V,—M, =12.07+0.14 -
‘Nonparametric | Ry = 3.13+ 1.44 R, = 3.31 + 1.60
- ] V.- Mv-1203i 063 |. Vo—M, =12.00 40.73

4

AN

The diﬁeréﬁt fits yield r;a;soriably consistent results. The -average values

_w:thout regard to tHe errors of the fits are R =313 +0. 14 (s. d) and V, — M,

= 12 09 + 0.07 (s.d.). T he variable extinction analysis of the field of NGC 7790

indicates that the ‘extinction slope is very close to the\gala.ch’c average. A value

. of R, = 3.1 was adopted for the final reductions. The implications for the pres‘en{

value of the 'dis\tan}:e thodulus will be discussed later. - e |
L) \—‘ . - - .
72 N . . -
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* several unportant pomts to ensure that ZAMS ﬁttmg is don.é propcl‘ly, namﬁly‘ (1)
‘ \The choice of a proper. ZAMS is essential. T}ns pmnt is ﬂlustra{;ed by the dJﬁ'etencE o R
" of 038 in the chstance modulus of NGG 7790 by Mateo and Madore (1988) usmg o

two dxfferent ZAMS relations (one observahonal and one theoretxcal) (2) The_ o

i Systemaﬁc eri-brs are pirticulariy likely to oééhr near the téleSEoI‘)e\lAimi-t. 3) 1t

j re.ddemng correc.tmz_ls have been_ ap*ph\ed to the data.‘ Every gttempt was ‘made to\

the scope of thls study to mdependently ‘confirm the vahdxty of the: ZAMS used.

“ZAMS Fitting ‘

The process.of dlstance determmatlon through ZAMS ﬁttmg isa powerful method

®

Howaver, there are mherent hmxtatmns and’ uncertmntles Wlth 1t Schrmdt (19’84)\{_‘.::‘ R

discussed some of these pmb]ems Hc concluded that overal] the eﬁect of the:‘ .

\

uncertainties will be to incx‘easé‘the distainie’ m'odu}us. ) 'l‘\ix?nm-«~ (lQSl‘)‘TevieWed S :

data must be tested ‘tq make sure they kcox_lform to phe‘Jghnsb‘n. UBV -system;.~' o

‘possxble the method .or choice of reddemng should be conﬁrmed Spectroscoplc

data are. very useful for th:s (4) It i is very lmportant to do the ZAMS fit after the

 follow these points in this study. ~

It is worthwhile to briéHy summarize how this present stuﬂy adhered to these

‘guidelines. The ZAMS used in tlﬁs "stt‘zdy‘.is \an err;pirifcal relation based upon the

: Pleaa,des cluster (Turner 1979) and is tied to a sola.r metalhc:ty It is ,outs:de

. i

3

However, in the abserice of any evxdence of me@all:c:ty dxfferences between tihe'two .



v

‘clu\sters, the ZAMS for ‘thé"Plveiades should be applicable. The data were carefully .

reduced to ensure thesr conformed to the Johnson UBV system and the final results

were checked to refx;dvé any systematic trends. The plates were carefully examined
: . ) . .

M . ~ J ‘
1o determine the useful limit 6f the stellar images. Some uncertainties exisied in

~

“t‘l‘lvc"de‘reddenigg process, such as in the‘chc;ice of the reddening slope and the value

of Ry. However, as much as the available data allowed, the reddening parameters

for ‘the field éf NGC 7790 were calculated to reduce any errors introduced by.

An im;;;)ftaﬁ? ;;art of #ny -ZAMS fitting am@lysis is to obtmix;,»reliablbe data
ijor"_as much of the main s?c‘;uence as possible. Th;s en§b1§s grgater confidence
to"be. pl#ed in the-f_i.t‘ to ti’l_e mmn seq‘uénce; Most stgrs with m‘agn\itudés in-all
three passband§ _Were,indiviauﬂ,ly dereddened. liowevef, some i;;a.rs- had colours

such that they fell below the intrinsic twé_colohr relation when dereddened along

- the reddening slope; no individual reddening solutions were possible for these

w

stars. Aitérnately,‘som\e stars had an anoﬁxalously large reddening soluti‘ép becauée
the extrapolated recidening line fell a}iovc the F star'i?u;np on the tv?o coiour
rbla‘ntioi;. Tnstead of adopting a tangent boiint solution for these twb.cases,- t‘hese |
stars w‘e;re dereddened with a mean re;idé;ing' appropriate -for their cglqur ie.

Eg_v = 0.40. A number o{ stars had magnitudes in only the V and B.pasébands.

A

‘To dereddéz; ‘these stars a mean Ep.v had to be used. Tht; value a.dbptcd fork

(Ep-v) was 0.40, which is the mean reddening for stars with (B- V), > 0.10. -
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slope of 3.1 'Was used to deredden the stars.
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S Table VIII

= siar. ;\i V;,xi, 1 (B~ V)o (U-B), | .Vo—M, |Comment

1701479 | 4018 |  +011 1240 "M

6 -1 1503 4052 .| +0.00 10.68 NM

7 1.1446 [ ..4+028 . | . +0.08 11.61 NM
8] 18 76,.“‘ -0.02: . —0.07 12.34 M
1010 [21436 | 4027 | +0.08 11.77 NM
A2 1473 +0.25 +0.09 | - 12.06 M
M4 1450 |- 4022 | 4010 11.97 MB.
ol 1] 1ass | 4019 4011 12.42 M
cO e e ] 1408 | 4029 | 4007 1121, | NM’
SENsnoE T 19001397, 4004 | 4005 1224 | M
LU 200 1432 4057 £ +0.05 9.67 " NM,
T oo ar] 144900 40287 | 4020 | S118T. o ONMY
Vet oo 2401329 | 004 L <033 fLo1207 T M
Lo e T R T ) 4029 ST )
e o e 1489 +0.92 | o0 L2234 | oM
T PG 5230 N & X5 S B ST I N S E RS SRR I S A ‘

A

w82 {liase [ oheer »r~‘\t+oos ol 1178 ] T NME

K S N R EX 0. 04 -'H“?Snfu “g.,;~12,01v=. oMY

ESR 19 S IR 13V RS O

29 | 1431 | - +0.204. .'-;‘.‘afo 08 .}, 1183 o NM -
30 | 14.66° | © 4032 L0080 18 e NMTE T L
13| 1469 | A0.471 0025 | .01070.0 NMOU LY RO

34 | 1438 | L4030 ol 90207 Y086 | WM LT
-85 1420 ‘+Qsz f-;»_f+000 S AeTe L N

RTINS (T8 [ XT3 [ b? D022 0 1218 L M

. : ‘43“ 13 28 :: +039 +O;01~ * 934 I . NM
Lo 51 | 1359 | 4000 .} - —001 | 1205 <l M.

53 | 14.84 |° 1081 . [" 400671184 i MB
/o o 56 | 1447 | 0:33° 1 3005 b - 1289 CNM

60 | -1416 | 4018, | 401 |.1i76 . [ WM .
161.) 1245 | =017 [ S0.58 fo 1274 A NM -

40 | 1184 | -0 | w0k o] sansr [ @ 0 T

41| 112300 =008 Y081 | ] 10507 L NME | sE :
42 11857 | 40680 7] 4009 | RIS P ORMe e
52 | s U013 T —eds | 12s L UMosfT

55 1132 (¥ —0a5 | o o1 P namplop omMen e

R .57 “ 14.74 . ‘-‘ .+02‘3 .  ~‘- +0'09 ‘::\‘ .12 07 ‘\_‘_ ‘ ‘.M o f L S .

2] 1::35 | —0a2- | -o0a0r | “10m5 [V M |
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Table ;iVIII ‘\ {continued)

TV

(U~ B),

- ~0.06

¥V 40.29

+0.28
+0.16

+0.19 .

| 1028 . :

+0.28
+0.08
+0.11

| .. +0.07
|01
51—0-'09; 1.

“§0.06.
S0, 08"
+0 OB
+b 05
+0 06
©30.09
-2.05°

40,11

+6 10

~ —-u.m M

—037

| 0.68

'?‘0\ 4:7
T, 09
+011

M.
'NM
NM
MB
M

M.
NM

Jof NM

boNm

i MB
o M

\-‘M

. NM
" MB

M ]
M

Comment

\“.‘M‘B.‘ "~‘:\
oM

R
U NM. - .
1521 VR NM




‘Tablé VIII (continued)

Star (B=V), | (U=B), Vo, ~ M, |Comment
a | 13.76 +0.28 40.07 10.91 NM
b | 13.42 -0.03 © —0.09 12.08 ‘M
] da ] 1435 +0.45 —-0.02 10.51 NM
e 14:87 +0.19 . 40.11 12.44 M
“f | 15.03 +046 | ~0.02 11:07 NM
A 9.42 —0.26 —-0.97 11.32 M-
B | 1041 -0.13 —0.44 - 10.18 MB
4 € | 10.47 —0.07 C 4022 9.52 M
D | 1113 —0.01 —0.04 9.63 MB
E| 11.00 | -014 —0.47° 10.85 "M
G| 11.24 -004 |- —0.11 9.99 NM
H | 1144 -0.02 -0.07 .10.02 NM
J | 1139 —-0.02 ~0.06 9.97 NM
M | 11.91 —0.07 ~0.46 10.96 M
N | 11.67 -0.11 ~0.37 10.72 NM
"0 | 1178 —0.12 . —0.41 11.42 .M
Q| 1193 | -—011 —-0.39 "11.48 M
R | 1252 —0.11 —0.37° 12.03 M
S | 1194 | —022 ~0.77 L1311 NM
U | 1253 —0.02 ~0.07 11,04 NM.. -
X {1291 | . —0.09 ~-0.30 -] 1218 M
2 | 1321 +0.95 +0.49. — NM
3 | 1446 +0.828 - — NM
4 1200 | 4124 +1.11 — NM
5 | 1243 +1.18 +0.76 —_ NM
9 | 1412 | - 4138 — — NM
11 | 13.66 +1.36 -— - — NM -
13 | 1414 +0.11 10.22 12.85 M
16 | 14.09 '} 4024 — ,11.45 NM
1523 | 1357 +1.46 -~ - NM
26 | 1447 "+0.10 +0.19 12.34 M.
33 | 14.66 +0.12 - +0.16 12.52° M
1.30 | 11.96 -0:23 |, -0.11 13.31 NM
44 | 1480 +0.44 -0.08 .+10.98 ‘NM
45 | 14.69 +0.44 -0.07 10.87 NM
46 | 14.73 +0.51 —0.02 10.44 - NM
47 | 14.83 | - +0.40 — 11.31 ‘NM’
48 | 14.05 +0.47 -0.05 10.02 NM
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Table VIII (continued)
|Star| V, (B-V), | (U-B)s | V,-M, |Comment
39 | 1460 | +0.61 -0.07 — NM
50 { 13.25 +1.36 +0.81 — NM
58 | 1463 +0.20 . +0.23. 12.15 M
591 -12.86 | 4+1.18- |~ +0.59 NM
164 ] 1241 +1.33 +1.14 — NM
J69 | 1444 +0.62. : +0.02 — NM
17} 14520 4035 | +0.22 12.25 M
T4 | 1266 | 0 =066 |.-+1.09 — . NM
.| 854 1357 4036 +0.31 9.31 NM
{90 a3a8 | . +0.56 [ -0.07 8.65 NM
ool 1486 ) 4081, | p0a0 10.27 NM
of 96 [ 1381 | +14d o [ — —_ NM
. 1ot 1403 | 4124 | | — — NM
"o esf12830 ) " —~0210 40197 — NM
1017 1553 | +064° | - — - — -NM
1102-] 1526 |  +0:57 — 10.61 "NM .
103} 1532 | +0.82° - — NM
104 | 1521 7| . +0.57 — 10.56 NM
10511553 | . +0.74 — — NM.
o ]106] 1554 |-, +0.48 - 11.45 MB
© 1107 1527 1 - +0.44 — 11,45 MB
{108} 1558 | -+0.41 o 11.98 ° M
1110 | .15.60 +0:38° — 12.21 M.
Cp1127] 1564 +0.55 — 11.16 NM
clrl 1548 1 4050 — 11.26 'NM
J119] 1514 1 4+0.73 — - NM
121 | 15.49 +0.60 — 10.67 NM |
122 | 1556 +0.46 — 11.60 M |
- 11125 | 15.79 +0.60 — 10.97 NM
Cj128| 15714 | +0.62 —_ — NM
1120} 1483 127 — — NM
130 | 1540 |, +0.38 — 12.01 M
137{ 1541, | +0.83 — — NM
138 | 14.96 +0.55 — 10.43 NM
141 | 15.66 +0.58 — 10.95 NM
143 | 1541 40.66 . — — NM
146 | 1525 | 4+0.62 — — NM
148 | . 15.11 +1.30 — - NM
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* Table VIII (conﬁnubd) Fl

Star| V, B-V), I (U-B), [ V.- M, [Comment]
150 | 15.66 +0.43 — 11.91 AN\ M
156 | 15.75 +0.50 — 11.53 -

161 | 15.41 +0.38 C— 12.02

167 | 15.69 +0.64 — — NM
168 | 14.32 +1.29 — C = NM
1714 15.00 | 4071 o= . — .| NM
174 | 15.45 +0.42 — 1181 M
1751 1557 | . +0.68 — . — NM ¢
176 | 14.79 4| +1.30 S - NM
181 1522 | 4031 — 1 1224 M
183| 1525 | +044 | . — 11.43 * MB
184 | 15.55°| +0.65 — C— NM
]188.| 1544 | 4046 — | 148 MB
202.] .15.34 +057 - — . {. 10869 - NM
1211|1499 | - +0.62 — — NM.
212 1580 +0.56 = 11.21 NM |

S 1213} 1572 | 4043 - — 11.97 M
im; 14.88 +0.76 f  — . - NM

15| 15.69 +0.53 - — 1. 1129 NM-
1221 |- 15.09. | 4052 | . — © 1074 NM
2281 15.13..|. +40.79 — L - NM
230 |- 14.89 | 4080 ° — - NM
231| 14.83. | +0.87 | — — NM
2321 1564 | 4073 | — — NM -
235 1554 | 40.56 — 11.05 NM
236 | 1535 | +046 |°  — 11.39 ‘MB
241 | 15.26 +036 | — . .| 12.00 M
244 | 1556 | 4053 | — 11.15 | NM
248 | 1597 |  +0.55 - 11.24 NM
255 | 15.60 +0.76 |- — L — " NM
262 | 15.24 +0.46 — 1143 NM
276 | 1545 | 40.46 — 11.49 M
277 14.76 +0.78 _ — NM
280 | 15.37 408 | — 4. — | NM~
289 | 1442 | +1.02 — —_ NM
1290} 1555 4083 | < — . NM
291 | 1558 | +40.66 - - | — NM
2021 1429.| 4016 | - — [- 1199 | M
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Table VIII (cont\inued)_

'Star{ V, (B-V), (U - B), V., - M, |Comment
297 | 1562 | +0.58 = — . NM
I | 1198 |- +0.89 +0.56 —_ NM
K | 1199 | +1.18 3+1.05 — NM
L | 1206 | +0.35 —-0.28 . B.87 NM
P | 1239 | +0.46 -027 | 967 | NM
W[ 1335 |  +1.14 +0.82 - NM
Y | 1351 +1.04 +0.55. | — NM
c | 1417 4050 |- —013 | 9.95 | NM
-g | 1492 +0.52 —0.09 1057 | NM

)

The determination of .membership for individual stars in a cluster based’

solely on pl;atometric results cannot be considered conclusive. The lack of spec-

iroscopic; ;radia.l‘ velécity aﬁd_ prope;' motion data hampers the study of individ’u‘a.l‘

‘ mgmbershiﬁ. . é i)mper iﬁbtion (iata for N?C 7790 exjst,. but unfortuna?.ely‘
| ;a:é oi' .little help; This ‘wil}‘ be ‘dis‘cusssed later. Sta;‘.istical studies of the sta; ﬁal;:ls~
.can give guiddines on the numl;er of e).rp\ected\ members. Sta.r‘ counts by Turner

- (unpublished) indicate that to a magnitude limit of 2 19 on the red plate of the

Palomar SkySurvéy the ratio of ﬁembers to nonmembers is 0.36. Star counts

bj Pedreros et al. (1984) on a U plate with a magnitude limit of = 20 yielded a

‘member to nonmember ratio of 0.29 which is consistent with the work of Turner.
. Since the magnitude limit of this study is only 17.4, the memberslﬁp ratio could

' be higher.

Membership was based here on a star’s location in the dereddened colour
magnitﬂ;ie diagram. The main sequence spread was assumed to be about 05.. The
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sequence of evolved stars is very steep, and, although binaries will be scatiered

A

upward, they will still Lie close to other cluster members. For this rcaison\'th(: -

membership strip tends to ixppear narrower for evolved stars than main sequence

stars. Based on the colour"magnit"\-ldg.‘diagr#m and a plot of Vo — M,.vs.(B - V)o

_ this study contains 120 prol:;able nonmembers, \63 likely members and 1§ stars, Lo

_that may be members, but are binaries. The corresponding ratio of members to

KN

ndhmembeérs i1 0.66. The btightef‘magnitude limit explains the larger ratio. A

study to a fainter magnitude limit would likely contain a greater proportion of

field stars due to the rapid increase in the luminosity function at fainter absolute

magnitudes. Of course, it is also possible that we have been overly generous in oux

selection of likéiy-cluster members. Somewhat tigﬁtcr menﬁbers}ﬁp criteria cottle

TN

reduce the ratio toa value closer to 0.4. ‘ : AN

A colour magnitude diagram was plotted for stars that were considered prob-

able members of NGC 7790 (see Fig.~ 19). It is worth noting that stars A and 95

lie close to the ZAMS, but at significantly bluer colours (especially star A) f.han.f

other cluster members. The distance moduli of these stars from the HA index are
12.42 and 12.18, respectively, which makes them likely cluster members.  Their

Jocation in the colour magnitude diagram therefore suggests that they are blue

stragglers.

\ ‘ ‘ S
There are several possible methods of determining the distance modulus of
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‘Intrinsic colour magnitude diagram for probable 'members of NGC 7790 (filled
circles represent individually dereddened stars; open circles represent stars dered-
dened with mean EB V: triangles represent Cepheids in NGC 7790). A ZAMS has
beén fit to the main sequence (see Fig. 20). Note that stirs A and 95 lie close to
" the ZAMS, but are hluer than other probable cluster members. A Z\AMS as been
fit to the data yiclding a distance ‘modulus for the cluster of 12. 25 + 0.10. The
error is an estimate of the uncertainity in the fit.
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Intrinsic colour magmtude dmgram far shrs in thie field of NGC 7790 (fillcd circles
represent-individually dereddened stars; open circles represent stars dereddened
w:th mean Ep-v). The ZAMS plotted assimes a distance modulus of 12.25.
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NGC 7790. One approach is a sliding main sequence fit which yields a distance

modulus of 12.2540.10 (see Fig. 19). Thé error quoted is an estimate of the uncer-

L

tainty in the fit. Ah‘;altcmativr, approach is to calculate the distance modulus of”

individual stars. The distance moduli for uxievochél, single stars that were consid- :

S

ered members on the basis of their position in the colour magni‘tud\e diagram were.

calculated and plotted against their intrinsic colours. This is essentia.ﬂy the same

.

iype of analysis as the va‘able extinction s:t‘u\dy. Theplotof V, -~ M, vs (B— V),

. shows that a trend exists for stars with (B'= V). > 0.40 (see Fig. 21). There are

“several possible explanatio‘ns for this trend. Thc§e stars lie close to the limits of

IS

the extrapolated calibration relations. The trend may result from problems with

the calibrations ai these faint magnitudes. A less likely possibility is that the pre-

B

" main sequence turn-on point has been detected. Finally, it should be noted that

a mean reddening was used for these stars which may introduce some additional

‘ uncertainties in their distance moduli. Excluding stars with (B — V), > 0.40, the
\

L
et N

average distance modulus was calculated to be 12.15 + 0.20, where stars with a
mean reddening were given a weight of 0.5. This result is consistent with the
distance modulus found from the variable extinction analysis, and both analyses

should be considered a lower limit because undetected binaries will tend to_scat-

ter stars upward.in Figs. 18 and 21 and bias the results toward a systematically

small value. The distance modulus from the sliding fit, V, = M, = 12.25, which
corresponds to a distance of 2.82 + 0.13 kpc, was adopied for the final solution.
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Figure 21
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.Distance modulus versus intrinsic colour (filled circles reprejent individually de-
reddened stars; open.circles represent stars dereddened wjth mean Ep_v) for
probable, unevolved, single cluster members. The distance/moduli of stars w1th
(B — V)o > 0.40 appear to decrease with i mcreasmg (B - :

The distance modulus from this study lies at
: )

past estimates for the distance modulus of NGC 7790 (sce TableT ). It was noted

% lower end of the range of

earlier that Schmidt (1984) has found that erfors \ixlher:ex\'t in the old ZAMS fitting

technique tend to result in bv;crestimated values for the distance modulus. The

- present results imply that these inherent uncertainties in the old ZAMS fitting prow

cess have been minimized in the present study. The distance found here for NGC
7790 is quite close to that of Mateo and Madore (}988). They found a distance

‘modulus of 12.20 using the same ZAMS employed here. Tl;ey*also used a theo-
retical relation by Vandenberg and Bridges (1984) which gave V, — M, = 12.58.

i

Their final result was the éwerage of the two. There are also several important
differences inblhe details of their anal)"sis .compared with those employed here. .

For example, Mateo and Madore assumed Ey_p/Ep_v = 0.72, the value for the

Ed

;,ga]actic“average, while'this study assumed Ey-p/Ep_v = 0.76, a result appHta-
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ble to the field of the cluster.  More important are differences in the methods of
ﬁercddeniilg -cluster stars, (mean reddenings versus ihdjﬁduﬂ‘ reddenings), which
were discussed earlier. Despite these differences the distance moduli from the two

Cam e . . -

studies are’in remarkably close #greemcnt.
PrBper Motion Study

The mgmbsrslﬁp of CE Cas a and b and CF Cas in NGO 77901s a well accéptéd‘

fact in the litera%{xre. One of the tests for cluster memb‘ership is a common space

. ?

motion with: the cluster (proper mot:on, radxa.l velocxty) However, no proper

* motion’ stuches of NGC 7790 exist other than those by Frolov (1977, 1979) This

can be partly exp]mned by the fact that NGC 7790 i 18 ~ 2.8 kpc dxstant and -

e
g

?

hex_lce réquires a considerable period of time bei\'g)g__tﬁnsverse motlons'become. .
detectable. The initial plates were taken at the Tashkent"()bservatory ~be\twcen
1923 and 1925. Two sets of second epoch plates were taken, the first set at the

Pulkovo Obéervatory in 1973 and the second set with a Schmidt telescope at the
.

‘ Eggelhardt Astronomical Observatoi-y. Both studies by Frolov had a magnitude
Limit of B = 16®5. The results from the two were combined and examined here.

Frolov reported data for stars that were erly members of NG C 7790 based on their

relative proper wotions and postion in a colour magnitude diagram. The proper
f N\ ) ) ]
motions of CF Cas and CE Cas a and b indicate they are probable members of

&

NGC 7790. No radial velocity data have been published that would allow the
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px versus py (triangles represent Cepheids). The units of ptx and py are in 1074
arcsec per annum. CF Cas, CE Cas a and b appear to have sxrmlar relative proper
motions as other probable inembers of NGC 7790. ‘

" membership determinations of Frolov (1977, 1979) to be confitmed.
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Chapter Eour\ ‘

. Discussion of Results

L i . e ‘ .
The purpose o this projcct is to accurately determine three calibrating points for -

the PL and PLC rdat:on{ The inferred luminosities of the Cephelds in NGC

7790 from the cluster dlstance and reddemng determmatlon of this study can be

N ) - J‘

usefully compa.red with thmr predlcted luhnni)sxhcs according to mcently pubhshed
" PL and PLC relations. Pubhshed periods, apparent magmtudgs and colours have
been &ccﬁi‘atcly determined for many ga.lgctichephcids. These values are needed

in such a Eomparison. To. calculate the absolute magnitude of an object from its

apparent mggniiude its reddening and distance must also be accurately known.

A xﬁajor source of uncertainty in 'deternﬁping the absolute magnitudes of

many Cepheids is their reddening. This is certainly the case for the Cepheids
_in NGG 7790. Ideally, the reddenings would be determined from the individual
- reddenings for cluster stars lying in close proximity to the Cepheids. H‘ow‘ever,

due to the magnitude limit of this study there are few stars which satisfy this

critérion. Furthermore, the reddening of NGC 7790 exbibits a trend with intrinsic

colour with a range of ~ 0®17.- It is not clear what reddening value is ph‘ysically\‘

meahing{u] for the Cepheids; the smaller value for stars of similar intrinsic colour

or the larger value for stars at a closer evolutionary sté.ge in their development. If

the trend in reddening is due to circumstellar extinction, then the Cepheids may
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also be affected by it. In either case the use of a mean reddening will be necessary,

and due to the p;Ltchy‘ nature of extinction across the field of NGC 7790, there is

no guarantee that the adopted value will be applicable to the individual Cepheids.

> s

Over the years several approachs have been made to calculate vindividual

L o ‘ ; )
-reddenings of Cephéids. Kraft (1961) calculated the reddening of CF Cas based -

upon a comparison of photometry and specti‘tﬂ cl;asSiﬁcation‘at three different .

phases of ihe light curve, and obtained EB_vxz 0.54. He also cétlculateﬂ the

Cepheid’s space reddening by interpolation within isoreddening contours that were

derived from the work of Sandage (1958) on NGC 7790, and obtained Eg_v = 0.57.

However, problems with the photometry of Sandagé (1958), discussed previously,

make t}_:lé usefulness of this last value q\;estioné;bl;:. Wllhams(l 966)c0mpa.r;d ‘fhe

break in the continuum across the G band with the (b — y) colour index to estimate

the amount .of interstellar mdd;ning for galactic Cepheids. He found Egj‘_v =0.54"

for CF \Cas; Fernie (1967) noted that {hefe is some_uncertainty introduced into

the reddening by the transfonnation to the standara Johhsoﬁ UBV system from
other syst;ems. Fe;;zie (1967) quotes a value of EB‘V - 052 for CF Cas from the
v&;ork oi; Williams (1966) using a slightly different transformation. Mianes {1963)
used six colour photometry to calculate reddenings for Cepheids. Fernie (1967)
qﬁotes a value Eg_v = 0.54 for‘CF Cas £r01ﬁ ﬁﬁs work. These rédden?ngs, derived

from different techniques, seemto be in excellent agreement with each, other.
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A note of caution is neceséa.ry at this point. The methods briefly discussed

above are not independent from one other as might oﬁginalii appear. The work of

3

~ Williams (1966) serves to illustrate this point.- His »calibration of the break across

the G band versus the (b — y) index was bascd upon five Cephelda one of whlch

 was CF Cas. He adopted Kraft 5 (1961) reddemng for CE Cas in h;s analysxs

The closc agrcement of their reddening eshmates for CF Ca.sqls thcrefore rmt very

Ao N

sux_-prising, and the fact that several differént techniques are used to dctermmt the

redde‘ning of Cepheids does.not neccessarily mea'q,\ they are independg:ni of each
. W .

other.

More recent work om the reddemng of. Cephelds has. conﬁ:med the ear-

lier ﬁndmgs for CF Cas. Pa.rsons and Bouw (1971) calculatcd the colour ex-

cess of OF Cas to be 0.53 based on fitting "UVBGRI photomef,ry with model ‘

atmosphere fluxes. Parsons (1971) calibrated the intrinsic colours using a .c_lu‘s- "

ter supergiant & Per that has a reasonably well-established reddening. -Parsons

and Bell (1975) reexamined the problem with improve‘d model atmosphcfc cal-

-

culations -and ycalculated Ep_y = 0.48 for CF Cas. Fernie (1982) determined a
: ol T Cl - '

reddening relation based on BVRI photometry for yellow supergiants that is ap-

plicable to Cepheids with a phase correction. The relation is, Ep_v = —0.255

+1.727(R - 1) — 0.475(B — V) + 1.2A(0.045 — 0.133¢ — 0.13¢4% + 0.2634%), where

A is the visual amplitude of the light curve and ¢ is the phase of the observa-

tions. Fernie (1982) estimates the uncertainty in Ep_v to be 0704, This equatién
‘ ‘ | "
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‘Ferme 5 results into a.greement with the others Applymg tlns slnft to the‘?iﬁxe

RN
Tn

along with thc photoe]cctnc obscrvatmns from Moﬁett\ a.mi" 'Ba:rm;s (1984) of CF

Cas was used to calculatc its reddenmg The average ,reddenmg {r I '3‘1 ‘diﬂ’erent

X pomts on the light curve of CF Cas was caléu]ated to be 0 90 :!:'Oﬂ-?o B d CaldWellb ‘

and Coulson 1987) CC hereafter have\found Ferme s relat:on ylelds reddemngs :
"

' \systcmahca]]y larger.than those of Parsons md Bd] (1975), Pel §1978) and Dean, -

Wa.rren and Cousms (1978) CcC found a shifi of »0“‘(14 was !‘eqmred to bnngf‘ o

\‘..

‘ 0

from Fernie's relatlon results in a reddemng of 056 for CF Ca.s Tbﬂ resu]ts o‘f R N

.\\\ o

* - individual reddening determinations of CF Cas al‘e aummanzed\ in. Table D(

\.‘ < . LN
T - -

. Table IX RN -

Ep-v ‘Reference
0.54 Kraft 1961

0.54 | Mianes 1963° B T Sy
0.52 | Williams 1966 K T T
- 0.53 Parsons and Bouw 1971 | . v

0.48 Parsons-and Bell 1975
0.56 Fernie 1982 an
Moflett and Barnes 1984

~

The resulis of varjous determinations of the reddening of CF Cas are ‘rea,ﬁth

ably consisteﬁt with an average value of .(Eg_v) = 0’.528 +0.027 s.d.. This :resu]t'\

indicates that CF Cas has'a sxgmﬁcantly larghr reddemng tha.n stars of a sumlar\

“intrinsic colour ((EB v) = 0'40 + 0.06 s.d. for stars with (B V)o > 0. 10)\ Sta.rsk‘ ‘

with (B — V), < 0.10 have an a.vcrage rcddemng of 0.57 £ 0.07 s.d., which is in
closer agreement with the value for CF Cas. The reddening value adopted for
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this study was based on individual determinations for CF Cas, ie. Bg_y = 0.528.
. N N T - ' . -

There are no indepen‘dcnt reddening determim;tions for CE Cas a or CE Cas b,
- since the small separation (2.3" 'Opal et al. 1987) of the two objects makes photo- -+
electric phc;tomctry of the individual Cepheids very difficult. CE Casaandb were

assumed to have the same reddening as éF‘ Cas. It \doés‘\not seem ﬁkdy that these

-

Cepheids have the same reddening as stars of similar intrinsic colour, according
to the results for CF Cas. Since the mean reddening of early-type stars and the 3
average value from the photometric studies of CF Cas are quite close, the erroi-

introduced, by using this value for CE Cas a and b should be small.

The PL relation and the PLC relation continue to be reevaluated as new data
for Cepheid calibrators become available. Feast and Walker (1987) (FW hereafter)
~and CC have recently published new calibrations for the relations. Both sets of

‘r‘elations yield essentially the same results, which is not surprising since FW used

———

a PL relation slope derived from earlier work of CC on Cepheids in the Mage‘llanic‘

Clouds. The work of CC will be used here to compare the inferred luminosity of

-

~ the Cepheid; in NGC 7790 with values predicted by the PL and PLC relations. / ’

CC derived the following relations:
(M,) = —3.116log P — 3.77

-

(M,) = —4.026log P + 2.136((BV.)) — 3.74

where $log P = log P — 0.9 and 5((13\&,)) = ((Bo) — (Vo)) - 0.7.

¢
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“ - CC used 23 Cepheids in clusters and associations for their calibration. Ceph-
{a\id,s in cluste:!:s\wcré given-a weight of 1.0, while those in associations were given'
a weight of 0.5, The PL relation had a sigma of A0™13 and the PLC relation

" a sigma of :07¥5. Any Cepheids that deviated from the solution by +0740 or
‘grehtér wete éxc‘luded. “This ci‘ifcrion climinated BB Sgr, WZ Sgr and SZ Tau

from the soluhons The three Cephelds in NGC 7790 were aJ] given a wexght of

l 0 Smce the dlslance deterxmnatlons to these Cephelds are not lndependent an

.
alternative would have been to give ca.ch a weight bf 1/3.

The values of (V), (B), and logP from CC were adopted for the comparison. - |

As stated aBQ)ve, Ep-_v was assumed to be 0.528 for all the Cepheids in the cluster. ‘

The distance modulus for NGC 7790 of l?:25 from the present study was used, and
R, was assumca to be 3.1. Table X lists thg‘ rcleva.nt data from CC, while Table

XI lists the results of the comparison. Note that AMPY = MW 1) — MpL

Table X
Object V) (B) log?P | Ep_v
CF Cas 11.136 | 12.312 | 0.6880 | 0.528
CE Casa | 1099 | 12115 | o.7111 | 0.528
CECasb | 10988 | 12.106 | 0.6512 | 0.528
Ta.blc X1
N ' 4 . ‘
Object | M, | MIT MITC | AMPE [ AMEXC ]
CF Cas | -2.7151 | ~3111 | =2.998 | 10360 |° +0.247
CE Casa| —-2968 | —3.183 | —3.049 | 40215 +0.081
CECas b -2.899 | —2996 | —2.974 | +0.097 +0.097
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These results show that the current distance estimate for NGC 7790 yields

ot

Juminosities for its Cepheidy that are systematically fainter than pm&jcted by the

PL and PLC relations. However, the differénces are within the limits used by
[ . . . - b . N
CC for their mlationﬁ. The differences can be partly explained by the fact that

the current distance modulus for NGC 7790 is‘smalle‘:r than that used by CC. A

- .

' comparison of absolute magnitudes of the three Cepheids with mceﬁtly determined
LN - 0 .

values for 6epheid§ of Vts’im‘iiar peric;vd (’i‘ixrncr priv?.tc comximnic#tion) shows good
agreement (see Fig. 23). Schxmdt (‘1984)‘argucs that the currex;t PL and PIXC
;elatit‘ms. yxeld ai::solutc magnitudes that are too bright by 0™4 to 0%6. The current
'ICSUI§S.&fc indeed faint\ct\tha.r; tﬁe va.lu;s-‘ prc‘dictgd by PL g;zd PLC relations,
bﬁt by less than half #he a.mo{int*: dﬁm;:d };y\ Schmi‘dt. The rcddt:nings for the‘

Cei;heids of NGC 7790 would have to be smaller by ~ 01 for discrepancies in the

absolute magnitude d.eterminations to ag're;z with the predictions of Schmidt. This

3
>

—seems unlikely based on the rccidening deierminationé for CF Cas. If the mean

8

reddening gf B stars is used to calculate the absolute magnitude of the Cepheids
they become brighter by 0™13. This would bring them into closer agreement with

LN .
values predicted by the PL and PLC relations of CC.
Agé of NGC 7790 and Associated Cepheids

Theoretical and empirical relations exist to predict the age of both clusters and

Cepheids. Independent estimates for the,agcs of NGC _7_7§U and the three Cepheids
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M, versus logP for Cepheids (bpen circles: Cepheids in NGC 7790). The line

‘drawn through the data is the PL relation from CC. A reddening of 0.528 was used

to calculate the absolute magnitudes of the Cepheids in NGC 7790. The absolute
magnitudes of the Cepheids in NGC 7790 appear to have a similar scatter about
the PL relation as other cluster Cepheids.

" associated with it should be‘appron'mately the same if they are tph),'sically associ-

Ry

ated (as appears likely). The age of clusters can be predicted from their turn-off
points. The luta-off point for NGC 7790 was estimated to lic at (B — V), = —0.15
from the dereddéhed colour magnitude diagram. Figure 24 shows the colour mag-

nitude diagram with evolution of the siars away from the main sequence drawn in

schematically. The turn-off point was taken to be the minimum valud of (B - V),

for the cluster. Theoretical isochrones from Maeder and Mermilliod (1981) imply
that this turnoff for NGC 7790 corresponds to an age of ~ 1.0+ 0.1 x 10%yr. An

unpublished relation by Turner predicts a similar result. This relation,
log(age) = 9.19 + 8.20 x (B - V).,

yields an age of 9.1x10"yr. Ba.rb;.ro et al. (1969) estimated the age of NGC 7790 to
. ge
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Figure 24
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Intrinsic colour magnitude diagram of NGC 7790. The dashed line represents the .
evolution of the stars away from the main sequence. The turn-off point occurs at

(B - V). = -0.15.
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be -~ 7 >< 107yr, fut this is based: upon older cvol‘utionar)f models. Kippenhahn and
Smith (196f9) have in;restigated‘\ihe correlation between tixc age of Cepheids and
their pcﬁods using similar ol\der\ évol\;tiog.a.ry xpoasls. Ba.séé upon their re!a‘tion
includiné mass; loss, tlhe mean age of the three Cépheids is 7.1 ;1: 0.3 x 107yr, which
;grecs with "Bar‘ba.ro‘ et al. 's age estimat‘e for NGG 7790. The small aiﬁere\nce‘ -
between 7 x 107_yrs and 9 1‘;07 yrs for the age of N(‘;C 7790 can be ex;ﬁlainéd
) ‘by diﬂeiencés between current 'evolutionary models\a.nd oider resnlts. Thus the
age. of NGC 7790 is consxstent mth the agcs of 1ts Cephglds " They are therefore

almost certa.m to be physlcal members of NGC 7790

~ -~ Y

Conclusions’ - ) .

Cepheids are irhpoﬁmt di;.stance indicatorsin both galacﬁc and extr;;ga.lactic work.
Cephends in ga.lactlc clusters play a vital role in cahbratmg the PL and PLC
. relahons that are used to cstabhsh the dxstances to: cxtcrna.l galaxies. This study
\‘has been successful in detcrminihg an accurate distance and"xjcddéning for NGC
7790, an‘opcn clustef_ 1hat‘contains ihree: Cepheids. However, this ‘succ‘egs does
n0£ directly translate into three accu?ate‘ caiibrating‘ points for the PL and PLC
relations, sincg problem'r; exist with\ thg accurate determinatit;xi of the réddenings‘

. for the individual Cepheids in the cluster.

The difﬁcuﬁy in determining the reddening of the Cepheids in NGC 7790

has its origins in two features of the interstellar extinction in the cluster. The -

Y
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- firgt -p.roblexs is the patchy di_st‘}{:nyibn of the extin(;tion in the field oi: NG(‘;f

779q. TEs problem is comx;ounded by the fact that few indivi"dua]‘ reddening

determinations wc;e possible for stax;s near the ‘Cephe\ids. Thus, a yalue based |

~on an as;sumed space reddening near the Cepheids would be very unc\ertain.k The ] N

" second perblem,‘ a pote;:xtially more serious one, is thc tr;md in reddening with

] ’intrinsic c§lom exhibited by ;tars in NGC 7790. The physical nature of this ttren;i'
must be established before its cﬁe-cts‘ .On tixc reddgnipg of the Cf:pheids can be‘

-

properly assessed. - .

Other limitations exist to the faccurate dctcrmin;aﬁor‘l of the reddening for thg
wids of NGC \;1'790.‘ Uncertainties :in the reddeﬁng parameters are a cbmmbg
feature of many tudies oi: galactif:‘clusters. The reddénir;g slope, EQ;_B\/‘ Ep_v,
used in this study was not détetmine& specifically \for the field of NGC 7790, But
rather fro‘m ;). largé ‘region \su»rroundi\ng NGC 7790 cgntrcd on tHe r;iea.rby ciustei‘
Be*ke]ey 58.: Although it is likely‘tbat this value is a.lso\i'al»id for NGC _7790, the
reddening slope should be determined fpr the ﬁe}d of interest. Th;:‘ cxtin‘ction‘sli)pc_, ?
R., was determined for the ficld of NGG 7790 to be 3.1+ 0.1. Since the reddening
for NGC 7;790 is lgoderate, small uhcer{ainties in R, will res;ul:t in small errors in
distarce, but wﬂf hpv; little effect on the estimat;ed luminosities{or\the Cepheids.

Ultimat ely, uncert’aintics‘in the reddening parametcﬁ affect the accuracy of the

distance determination for the cluster. .
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The problems discussed above serve to point out several aspects of this study

\
!

that could benefit from new observational data. Spectra: of cluster members of

" both early and late-type stars would be véry useful. Spectra of cluster members

are needed to confirm the values for the mddgning and extinction slopes. Ra-
dial velocity measurements from specira would also be helpful for membership
discrimination. Spectra would be invaluable for‘investigating the nature of the

trend observed in reddeping. The magnitude limit of the photoelectric standards,
N . . i L

‘particularly U passband standards, ptewiehtgd individual reddening determinations

for many stars in the field of N GC 7790. Also, the faint end of the calibration
relatioxis for tile U passband were cigﬁned by relatively few stars, which is a cause

for some concern. Any fuf.um photographic study of NGC 7790 ivould benefit frq‘m -

fainter photoelectric standards in the cluster field. Spe;trosco;;ic and photoelec-

-

tric observatipns have been routinely carried out for decades, yet the distance and
reddening of NGC 7790 could be more‘firkmly established with a concentration of

these routine observations upon the stars in NGC 7790.

From a procedural point of view this study has illustrated some important

points in work of this nature. The dangers of using secondary images to extend

a calibration relation is one example. A considerable amount of effort was ex-

pended investigﬁting the secondary images to determine their limits in extending

the calibration relations. The importance of individually dereddening stars was

reaffirmed by this study. The trend seen in the reddening would not have been
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_detected if a mean reddening shift was used for the cluster.

The present determination of the distance modulus and reddening has in-

-

herent uncertainties. They -include ‘the. choice of the reddening parameters and

the ZAMS relation. Thc‘ determination of the ZAMS relation is dependent on the
. -
distance to the Hyades cluster. Also, any differences in metallicity between NGC

7790 and the Pleaides will have a systematic affect on the distance derived for the

cluster. This study has"))een able to determine the distance to NGC 7790 only to

v'vi:thin the limits of these more fundamental parameters.

@
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