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ABSTRACT 

Photoelectric photometry of the K-line of calcium has been performed for the A stars of five open 
clusters (Hyades, Pleiades, IC 2391, IC 2602, and NGC 6475) and one association (Orion). For NGC 
6475 (M7), as we previously reported, the relation between k and (b — y)0 is a unique one, implying that 
abundance variations of calcium (and, presumably, other metals as well) in the cluster are less than 
about ± 25 percent star to star, and that the original interstellar cloud from which it formed was similarly 
homogeneous. The Hyades appear metal-rich in comparison with the other clusters, the remainder of 
which have calcium abundances similar to those of field stars. The Hyades are also found to exhibit less 
variation in calcium abundance than the field stars, but the relationship in k versus 6 — y is not as 
tight as for NGC 6475. Uncertain individual reddening corrections are the most serious limitation for 
the interpretation of data for reddened clusters other than NGC 6475. A number of stars in these clusters 
appear to exhibit previously unsuspected spectral peculiarities, as revealed by K-line and uvby-'H.ß 
photometry. In particular, the young cluster IC 2391 may contain more weakly metallic stars than 
heretofore recognized. 

From discussion of the observations in these two papers, evidence supporting three constraints on 
the metallicity anomaly has emerged, (i) Metallicism does not appear as a discrete phenomenon in 
the (dk, ¿[wi])-plane, and a relatively smooth transition between normal and metallic-line stars is 
suggested by the observations, (ii) Possible support for the suggestion that metallicism is moderated 
by mild evolution off the zero-age main sequence may be inferred from the data, (iii) Evidence is found 
for the existence of weak Am stars in clusters younger than the Hyades. 

I. INTRODUCTION 

A system of photoelectric spectrophotometry of the calcium K-line which yields a 
K-line-strength index, has been described in Paper I (Henry 1969) and Paper II 
(Henry and Hesser 1971), where application has been made to solar-neighborhood A 
stars selected from the Bright Star Catalog (Hoffleit 1964). In those papers, it has been 
shown that the ß-index yields a reddening-free estimate oî b — y colors accurate to 
+ 0.012 mag. Moreover, it has been found that at a given temperature the scatter in the 
¿-index is larger than can be accounted for by photometric errors and seems to be 
attributable to variations in the calcium abundance of a factor of 2 or slightly less. 
Furthermore, the photometry, especially when combined with uvby-'&ß photometry, 
has proved to be a useful tool for the identification of stars exhibiting spectral pecu- 
liarities, especially the metallicity anomaly. 

For a continued investigation and application of this photometric system, we have 
observed the five Population I open clusters NGC 6475, IC 2602, IC 2391, Pleiades, and 
Hyades, as well as the Orion association. The investigation had a number of aims. 
First, we wished to learn if the calcium abundance in such clusters is more homogeneous 
than that among field stars; second, we wished to compare metal abundances from 
cluster to cluster; and finally, we hoped that application of our rather sensitive technique 
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to the cluster stars might reveal new metallic or otherwise peculiar stars. From such an 
investigation, the results that pertain to the first question should allow us to understand 
further the photometric system and to extract information on the clusters themselves, 
as well as the medium from which they formed. We hoped to learn as well if any of the 
clusters observed exhibit previously undetected metal-abundance anomalies. Finally, 
we realized that any new remarks which could be made on the often debated question 
of the existence of Am stars in clusters of different ages, particularly young ones, would 
be of value. For each of the clusters selected for this project, some previous photometric 
and spectrophotometric studies existed which were used in selecting our program stars. 
After a brief description of the observational techniques in § II, we pass directly to the 
results for each cluster in § III, below. Certain of the most easily described and interest- 
ing results have been briefly presented previously (Hesser and Henry 1971). 

II. OBSERVATIONS 

All observations were carried out simultaneously with the field-star measurements 
described in Paper II, with the use of the 16-inch and 36-inch telescopes of the Cerro 
Tololo Inter-American Observatory. The procedure for data acquisition and reduction 
thus need not be redescribed here; observations began in 1969 May and terminated in 
1970 January. With the exception of the Hyades, the cluster stars observed ranged from 
1 mag fainter than the field stars to about 4 mag fainter. As most of the observations 
were acquired with the 16-inch telescopes, the narrow bandpass (^8.5 Â) of the instru- 
ment meant that photon statistics began to play a major role in the errors and it was 
necessary to acquire a large number of observations to obtain a reliable estimate of the 
^-indices. In general, sky measurements were taken as often as star measurements and in 
two or more directions. Observations from the larger telescope were, of course, selectively 
aimed at the fainter stars in each cluster and data from each aperture telescope were 
combined by a weighting system based upon the rms scatter in the data acquired with 
each aperture. 

Tables 1 through 6 present the results of the cluster observations in formats identical 
with that of Table 1 in Paper II wherever uvby-Yiß photometry is available, and in a 
much abbreviated format wherever only UBV photometry exists. A key follows the 
tables, and Papers I and II may be referred to for additional clarification. For a discus- 
sion of the use of uvby-Rß photometry in the present context, the reader is specifically 
referred to § III of Paper II. 

Column 
1 STAR 

2 V 
3 SP 
4 LUM 
5 P 

6 B-V 
7 B - Y 

8 NO 
9 NN 

10 K 
11 ERR 

12 DK 

KEY TO TABLES 1 AND 2 

Identification number of the star taken from the sources identified in the text; for 
brevity we abbreviate the latter phrase as TFSIIT in the remainder of the key. 
Visual magnitude of the star TFSHT. 
Spectral class of the star TFSIIT. 
Luminosity class of the star TFSHT. 
Spectral peculiarity [Am (M) stars, Ap (P) stars, silicon (S) stars, broad-lined (N) 
stars] TFSHT. 
B - F color TFSHT. 
b — y colors of the stars obtained by converting the B — V colors by the mean relation 
found for field stars for which both colors were available; reddening corrections ap- 
plied as described in the text. 
Number of observations (as defined in Paper II) of the star. 
Number of nights on which the new observations were obtained. 
Final value of the K-line-strength index, k (in magnitudes). 
The rms internal error in magnitudes of k in column (10). No error is calculated un- 
less NO > 4. 
Deviation of the Æ-index (col. [10]) from the normal value for stars of the same color. 
A positive dk has the sense of an overabundance of calcium. 
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III. RESULTS 

We list for convenience in Table 7 the identifications and principal physical param- 
eters of the clusters studied by us, with references to the relevant papers for each of the 
derived parameters. 

a) NGC 6475 (M7) 

Our principal conclusions regarding this rich southern cluster have already been 
described in an earlier communication (Hesser and Henry 1971); here we give the 
details of the measurements and restate the conclusions of the previous paper. The 
B — V colors in Table 1 are those given by Koelbloed (1959) and have been corrected 
for uniform reddening of (Eb-v) = 0.04 mag; the numbering system for identification 
is also that of Koelbloed. Using the relation found in Paper II between B — V and 
b — y colors for field stars, we have converted Koelbloed’s {B — F)o to the (b — y)Q 

values presented in column (7) of Table 1 for the 38 late B, A, or early F stars that were 
observed with the K-line photometer. Relatively few of the stars in NGC 6475 have 
been classified to date on the MK system (Buscombe and Kennedy 1968; Abt and 
Jewsbury 1969; Conti and van den Heuvel 1970), so that the HD spectral types are 
cited in Table 1; but we should note that for the star K-78, Abt and Jewsbury (1969) 
give A9 V as the classification. Abt and Jewsbury found a rotational-velocity anomaly 
among the stars of NGC 6475, in that the B stars are unusually slow rotators ((F sin i) < 
90 km s""1) while the A1-A3 stars are unusually rapid rotators ((F sin i) > 200 km s-1). 

KEY TO TABLES 3, 4, 5, AND 6 

Identification number of the star taken from the source(s) identified in the text; 
for brevity, we abbreviate the latter phrase as TFSIIT in the remainder of the key. 
Visual magnitude of the star TFSHT. 
Spectral class of the star TFSHT. 
Luminosity class, TFSIIT. 
Spectral pecuharity [Am (M) stars, Ap (P) stars, silicon (S) stars, broad-lined (N) 
stars] TFSHT. 
B — V color, TFSIIT. 
The wi-metallicity index of Strömgren (1966). 
The Ci-luminosity index of Strömgren (1966). 
Number of observations (as defined in Paper H) of the star. 
Number of nights on which the observations were obtained. 
Final value of the K-line-strength index k (in magnitudes). 
The rms internal error in magnitudes of Æ in column (11). No error is calculated 
unless NO > 4. 
The deviation of the Æ-index (col. [11]) from the normal value for stars of the same 
color. A positive value of dk has the sense of an overabundance of calcium. 
Class of the star on the system of Strömgren (1966) : E is an early star (B stars), I 
an intermediate star (A0-A3), and L is a late group star (later than A3). 
b — y colors for the stars, with reddening corrections applied as described in the 
text. 
Color excess Eb-V determined by the methods of Strömgren. This value has been 
applied to the observed b — y values to obtain those in column (15). 
The ß-index of Crawford and Mander (1966) and Crawford et al. (1966, 1970) as 
measured by the authors cited in the text. 
The [wi] reddening-independent metallicity index of Strömgren (1966). 
The deviation of the [wi]-index from the value for normal, main-sequence stars. A 
negative value indicates high metal abundance. 
The [ci] reddening-independent luminosity index of Strömgren (1966). 
The [ci] of column (20), and other data, may be used to calculate dV, the number of 
magnitudes the star has evolved above the main sequence. 
The [u — 6] luminosity/temperature parameter of Strömgren (1966). 
For early (E) group stars (col. [14]), this is d[mi] calculated by an alternative 
method, while for the intermediate (I) group stars, it is the a temperature parameter 
of Strömgren. 

Column 
1 STAR 

2 V 
3 SP 
4 LUM 
5 P 

6 B - V 
7 Ml 
8 Cl 
9 NO 

10 NN 
11 K 
12 ERR 

13 DK 

14 C 

15 B-Y 

16 E(B - Y) 

17 BETA 

18 (Ml) 
19 D(M1) 

20 (Cl) 
21 DV 

22 (U - B) 
23 A, D(M1) 
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TABLE 7 

Clusters for Which K-Line Photometry Has Been Performed 

(m—M)a {Eb~v) 
Object a(1950) ô(19S0) /n 611 (mag) (mag) Age (X10® years) 

NGC 6475  -34048' 356° -4° 6.84(1) +0.040 (1) 70 (1);250 (9) 
Orion  05 33.0 -05 21 209 -19 8.37 (2) +0.060 (2) 3 (2) 
Pleiades  03 43.9 +23 58 167 -23 5.52 (3) +0.040 (3) 150 (3) 
IC 2391  08 41.2 -52 45 270 -07 5.90 (4) 0.000 (4) 30 (4) 
IC 2602  10 41.0 -64 08 290 -05 5.90 (5) +0.035 (5) 4 (5) 
Hyades  04 16.7 +15 31 180 -22 3.0 (6) 0.000 (7) 850 (8) 

References: (1) Koelbloed (1959); (2) Walker (1969); (3) Mitchell and Johnson (1957); (4) Perry and Hill (1969); (5) Hill 
and Perry (1969); (6) Wayman ei al. (1965); (7) Johnson and Knuckles (1955); (8) van den Heuvel (1969); (9) Conti and van 
den Heuvel (1970). 

From comparison of the display of k versus (b — y)o in Figure 1 with similar diagrams 
in Papers I and II for field stars and with the results for the other clusters to be discussed 
below, we readily note the uniquely tight relationship exhibited by this cluster. Except 
for the two highly deviant stars, Koelbloed numbers 60 and 109, which we have suggested 
(Hesser and Henry 1971) may be previously unrecognized Am stars, there are at most 
four stars (Koelbloed numbers 30, 61, 89, and 94) which fall outside the boundary of the 
photometric errors in the Æ-index for the majority of the stars. It would seem that by 
the use of only a mean reddening for the cluster we should have maximized the errors 
along the (b — y)0 axis and that very accurate reddening corrections might compress the 
relationship even further. 

Additional comparison may be made in Figure 1 between our data and the two 
similar curves, the latter being theoretically calculated ¿-indices for solar and twice 
solar abundance; these theoretical relations and their limitations are discussed in 
Paper I. From the lack of scatter in the observed relation for NGC 6475 we conclude 
that the abundance, star to star, of calcium in NGC 6475 varies by less than about + 25 
percent. A final comparison may be made in Figure 1 to the mean field-star relation 
adopted in Papers I and II (the third curve in the figure), and this comparison indicates 
that the average abundance of calcium (and, presumably, other metals) is the same in 
NGC 6475 as in the field stars. The difference in slope between the NGC 6475 stars and 
the mean relation for field stars may, in part, be attributable to the (B — V)0 to (¿> — y)o 
conversion employed. As we pointed out earlier (Hesser and Henry 1971), if we adopt 
40 pc (Spitzer 1968) as the diameter of a typical cloud from which a cluster like NGC 
6475 is formed, then it appears that such a distance scale represents the region over 
which the interstellar gas may be significantly more homogeneous than when examined 
over larger regions of the Galaxy (as sampled, for instance, in our field-star measure- 
ments). 

On the question raised above concerning the apparent metallic character of stars K-60 
and K-109, we should remark that Conti and van den Heuvel (1970) recently found 
star K-109 to be Am, as they did star K-114, which we unfortunately did not observe. 
On a weakly exposed 100 Â mm-1 spectrogram of star K-60, they noted no metallic 
peculiarities and classified it A9 V. Our assignment of K-60 and K-109 as Am stars rests 
upon the assumption that they are not metal-poor or heavily reddened stars; it would be 
extremely useful to have Strömgren photometry to combine with our K-line material to 
eliminate these possibilities. 

b) Orion 

Results of our observations of 17 stars of spectral types between B9 and F2 in the 
vicinity of the Orion Nebula are presented in Table 2, where they are identified by their 
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Fig. 1.—The [ky (b — y)o]-diagram for NGC 6475. The two nearly parallel curves are theoretical 
relations for solar and twice-solar calcium abundance, while the other curve is the mean observed rela- 
tion for field stars as determined in Paper II. As discussed in the text, the stars of this cluster exhibit 
an abundance range of only ± 25 percent, which is to be compared with the factor-of-2 range observed 
for solar-neighborhood field stars. The two strongly deviant stars, as described in the text, are probably 
Am stars. 
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Brun (1935) numbers. Comparison data are taken from the combined UBV and spectro- 
scopic study of Walker (1969), who found that the reddening was nearly uniform over the 
region and equal to 0.060 mag in Eb-v- We have applied that reddening to his colors 
for presentation in column (6) of Table 2 of (B — F)0 colors, except where Walker 
noted an individual reddening correction, which we adopted in preference to the average 
value. Although Walker particularly noted the difficulties of making accurate measure- 
ments when contention with the emission nebulosity is necessary, he states that for 
stars of F < 10.0 the photometric errors are about ±0.01 mag in F and B — V. One 
star measured in the course of our program, Brun 806, is a foreground star (Walker 1969), 
and it exhibits a strong K-line for its color. Only one star (Brun 734) in our list appeared 
to suffer heavily from nebular contamination in the Æ-index measurements, and for that 
star we made sky measurements with particular care in adjacent locations in several 
directions and averaged the results. It should also be recorded that, because of an 
instrument malfunction which took place during the two nights the Orion data were 
acquired and which was discovered after observing had ceased in 1970 January, and 
also because of the small number of standards taken due to weather conditions, the 
transformation errors in k may be somewhat larger, systematically, than for all other 
data acquired. This uncertainty is unfortunate, as it is not clear (although it seems 
unlikely) whether the errors would be large enough to account completely for the 
apparent overabundance of calcium exhibited in Figure 2, the plot of k versus (b — y)0. 
In view of the difficulty of determining reddening corrections in the Orion region 
(Mendez 1967; Johnson 1968; Walker 1969) coupled with the possible transformation 
errors in k itself, we are reluctant to state definitely that the AMine photometry indicates 
an overabundance of calcium in the stars of the Orion association. The scatter at a 
given temperature appears to be about equal to that of the field stars, but the poor 
number of stars available for measurement and the uncertain reddening corrections may 
be masking an otherwise smooth relationship. An intermediate-band photometric study 
of the Orion association would be extremely interesting for comparison with this pho- 
tometry and with that of Walker (1969). 

c) Pleiades 

Data were acquired for 32 stars of spectral classes B9-A9, thus making the Pleiades 
second only to NGC 6475 in the number of stars measured during our cluster program. 
We have employed unpublished uvby-Piß photometry kindly supplied to us by D. L. 
Crawford in Table 3, while the spectral classification information was taken from the 
work of Mendoza V. (1956). In column (1) of Table 3 we present both the Hertzsprung 
(1947) and the Abt et al. (1965) numbers for identification. We have made individual 
reddening corrections wherever the value of Eb-y calculated according to the scheme of 
Strömgren (1966, 1967) exceeded 0.010 mag. WLere a reddening could not be calculated, 
we applied the average value cited in Table 7. 

In Figure 3 a plot of k versus (b — y)o is given for comparison with the similar 
diagrams for the other clusters and field stars, while Figure 4 graphically displays the 
difference from normal at a given temperature of the ^-index, dk, and the difference 
from normal of the metallicity [wj-index, d[mi]. Negative values of dk and d[m{\ are 
indicative of low calcium and high metal abundance, respectively. (For further explana- 
tion of this diagram, the reader is referred to the discussion in Paper II, especially 
concerning Fig. 1 of that paper.) The star Hz 531 falls in Figure 4 in the Am-star region 
C defined in Figure 1 of Paper II, and its position confirms the tentative classification 
of it by Mendoza V. (1956) as an Am star. Several other stars barely fall outside the 
normal star region in Figure 4 into the region D of Figure 1, Paper II, of weak Am stars 
and perhaps should be reexamined spectroscopically or photometrically. On the other 
hand, A-44 tends to look slightly metal-rich in Figure 4, while A-14 and A-21, which are 
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Fig. 2.—The [&, (b — y)o]-diagram for the Orion association. The apparent systematic overabundance 
of calcium may be a combination of inadequate reddening corrections and small transformation errors 
in k itself, as explained in the text. For both this and the preceding diagram the {B — V) colors were, 
transformed to (¿> — y) colors by using a relation derived from field-star observations for which both 
colors were available. 
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-O.l 0 0.1 0.2 0.3 

Fig. 3.—The [k, (b — ^)0]-diagram for the Pleiades. The colors are from unpublished uvby-U.ß 
photometry by Crawford and his associates. Star Hz 531 was classified as “Am?” by Mendoza V., and 
is identified by the heavy circle. 

classified “intermediate” in the Strömgren system and which have very large (and 
uncertain [Strömgren 1966]) reddening corrections, appear to have peculiar ¿[wj-values. 
From the appearance of the data presented in Figures 3 and 4 we conclude that the stars 
measured exhibit a scatter no greater than that of the field stars and that the calcium 
abundance is equal to that of the field stars, if the reddening corrections are accurate. 
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Fig. 4.—The (dk, ¿[wj)-diagram for the Pleiades, which may be compared with similar figures of 
Paper II and this paper. Negative values of dk and ¿[wi] represent a weak K-line and strong metals, 
respectively. The solid triangular border near the origin delineates the region occupied by normal field 
A stars. Upon comparison with Figs. 1 and 10 of Paper II we readily note the presence of the metallicity 
anomaly in star Hz 531, the circled datum. The remainder of the stars falling outside the normal region 
are discussed in the text. 

With respect to the conclusion concerning star-to-star calcium-abundance variations, 
it is clear that errors in the (large) reddening corrections calculated and given in column 
(16) of Table 3 may be leading to distortion of an otherwise dispersionless relationship. 

As we noted in our earlier communication (Hesser and Henry 1971), we observed 
only one of the three stars stated to be Am by Conti (1967), HD 23631, which we found 
to be of normal K-line strength; the measurements may, however, have been vitiated 
by a nearby star that could not be completely excluded from the entrance aperture. 
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HD 23964 (“Am?” according to Conti [1967]) we also found to be normal in the (dk, 
d[wi])-plane. It is important to remark that both of these stars were isolated by Conti 
via his Sc n/Sr n line-ratio technique and thus may be of the type of metallic-line star 
with normal K-line strength. 

d) IC 2391 

Only 11 stars classed as A stars were available for measurement, although we did 
observe a number of additional stars of both earlier and later spectral class. In Table 4 
we have used the UBV and uvby-Ylß photometry of Perry and Hill (1969) for the stars, 
which have been identified with their HD numbers. The MK spectral classes are also 
taken from Perry and Hill, although the majority were derived by Buscombe (1965). 
No general reddening has been assumed, but wherever the value of E^-y in column (16) 
of Table 4 exceeds 0.010 mag, it has been applied to the color to yield the value of (6 — y)0 

in column (15). Figures 5 and 6 display the [k, (b — y)0]- and (dk, d[wj)-diagrams for 
this cluster. With the exception of the few early A stars for which the star-to-star 
scatter is about equal to or slightly less than that of the field stars, the low number of A 
stars measured prevents a decision on the uniformity of calcium abundance from star 
to star; the present data suggest, at least, that the calcium abundance of IC 2391 is 
similar to that of field A stars. It is important to note that Perry and Bond (1969) have 
performed a supplementary spectroscopic survey of IC 2391, in which classifications of 
several stars are altered from those given in Table 4. They classify HD 74044 as A7 V, 
HD 74582 as F3 III, HD 75066 as F2 III, and HD 75202 as A5 V (spectroscopic binary?) ; 
in addition, they suggest that HD 74340 may be a spectroscopic binary. On the basis of a 
luminosity criterion, they suggest that HD 74535, 74169, 74582, and 75066 are non- 
members, and on the basis of a proper-motion criterion they eliminate HD 74762 from 
membership. The net effect of the deletions is to reduce the number of stars lying above 
the mean relation for IC 2391 in Figure 5 and to lend more credence to the conclusion 
that the calcium abundance in the cluster is equal to that of the field A stars. 

There is a suggestion in Figure 6 that several of the stars possess metallic character, 
e.g., HD 75202, 74044, and 74009,1 while one star, HD 74762 (a spectroscopic binary 
according to Buscombe 1965 and a nonmember according to Perry and Bond 1969), 
tends to fall in the metal-rich region of Figure 6. Furthermore, the circled star in Figure 5, 
HD 74665, is an A3m star (Buscombe 1965), yet it falls within the border of the normal- 
star region in Figure 6; however, as found in Paper II, this is not a unique experience. 
In view of the controversy over the question of whether a very young cluster may be 
expected to have Am stars (Jaschek and Jaschek 1959; Abt et al. 1965; Conti and 
van den Heuvel 1970), the need for further spectroscopy of the photometrically peculiar 
stars in Figure 6 is clearly indicated. 

e) IC 2602 

This cluster suffers from interstellar reddening of average amount, (Eb-v) = 0.035 
mag, according to Hill and Perry’s (1969) UBV, mby-Hß analysis. MK spectral classifi- 
cations are available from the work of Whiteoak (1961). For presentation of the data 
in Table 5 we have used the HD or HDE numbers for identification. Wherever possible 
the reddening was calculated and applied to the observed colors; where necessary, the 
average value cited in Table 7 was applied. In general, only stars earlier than A5 were 
available for measurement with the K-line photometer, as seen in the plot of k versus 
{b — y)o in Figure 7.2 Two stars, HD 93209 and HD 93714, have been judged by Hill 

1 Our measurement of the F2 star HD 74009 may have been influenced by a nearby faint star which 
was difficult to exclude from the entrance slit. 

2 Although perhaps only a fortuitous coincidence, it is worth noting that the very late stars HD 
93796 (G2 IV) and Braes 57 (F8 V) both fall on a linear extension of the observed normal field star k 
versus (6 — y)0 relation for earlier spectral types. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
7l

A
pJ

S.
 . 

.2
3.

 .
4 

53
H 

468 JAMES E. HESSER AND RICHARD C. HENRY 

Fig. 5.—The [k, (b — y)o]-diagram for IC 2391, a young open cluster. As described in the body of the 
paper, a number of stars in this and the following diagram appear to be weak Am, or otherwise peculiar 
stars. 

and Perry to be nonmembers on the basis of their positions in (F0, Mf)-diagrams. 
HD 93209, membership notwithstanding, and HD 93012 (also cited by Hill and Perry 
to be photometrically peculiar) fall in the strong K-line, weak-metals region of the 
(dk, ¿[wi])-diagram, Figure 8; however, they are both of ííintermediate,, class with 
large reddening corrections. The other outstanding stars in Figure 8 are HDE 307860 
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Fig. 6.—The (dk, ¿[wi])-diagram for IC 2391. The known Am star, HD 74665, is circled; it clearly 
has a weak K-line, but the metals in general do not mimic the usual behavior of the metallic stars. 
Three other stars appear from this diagram as candidates for weak Am stars; if confirmed, the presence 
of four such stars makes this young cluster a particularly important one in discussions of the metallicity 
anomaly as a function of stellar age. The single star outside the normal-star region in the second quadrant, 
HD 74762, is believed to be a foreground star. 

(photometrically peculiar according to Hill and Perry), HD 93738, and HD 93796 
(G2 IV, for which we have no basis of comparison). From the appearance of those 
stars remaining as bona fide members and without peculiarities, it is seen that the scatter 
in abundance variation of calcium for IC 2602 is similar to that of the field stars, when 
the reddening corrections of column (16) are applied to the observed colors, while the 
abundance itself is equal to that of the field stars. According to Hill and Perry, IC 2602 
is a particularly interesting cluster in that the nuclear and contraction age estimates 
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numbers from van Eueren (1952) and the Henry Draper Catalog. In Figure 9, the 
[Æ, (b — 3/)o]-diagram, and Figure 10, the (d[wi], ¿¿)-diagram, the Am stars are circled. 
We readily note that the star VB 74, classified A6N in Hoffleit (1964), exhibits Am 
character, as was found earlier by Crawford and Perry (1966); unfortunately we did 
not observe the other star (VB 107) that Crawford and Perry also found to be a íífringe,, 

Fig. 9.—The [k, (b — y)0l-diagram for the Hyades. The known Am stars are circled. The well-known 
tendency for the metals to be overabundant in this cluster shows clearly in comparison of the K-line 
strengths with the field-star relation. 
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Fig. 8.—The (dk, -diagram for IC 2602. In the first quadrant the two stars with uncertain 
reddening corrections appear far away from the origin, while the G2 IV star, a spectral type which is 
far later than for any of our comparison data, falls in the fourth quadrant away from the origin. 

indicate that star formation was not coeval in this cluster; thus it is interesting to note 
the very normal appearance of the cluster stars in the (dk, ¿[wi])-diagram, which 
suggests that the age differences are not photometrically apparent in our system. 

/) Hyades 

Seventeen A stars, all but one later than A5 and six of which are Am stars, have been 
measured, as well as seven F stars. For use in presentation of the data in Table 6, 
spectral classifications for all stars but VB 74 have been taken from Morgan and Hiltner 
(1965), UDhy-Hß photometry from Crawford and Perry (1966), and identification 
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worthy of specific comments. For instance, the K-line strength in Figure 9 for half of the 
spectroscopically normal stars measured follows the mean relation given by the field 
stars (Papers I, II), while the other half of the stars (specifically VB 30, 33, 47, 54, 72, 
84, 104, and- possibly 108) appear to form a sequence approximately parallel to the 
normal one in the range 0.081 <b — y < 0.165 mag and ^0.2 mag above the field-star 
relationship. This <ísequence,, appears clearly defined in that the photometric errors for 
these oft-observed bright stars are quite low. Despite the small observational errors, 
the reality of this <ísequence,, is challenged by other information. For instance, in 
Figure 10 we see that among those stars falling above the normal-field-star relation in 
Figure 9, all values of d[m^\ are represented, and, vice versa, that at various values of 
d[wi] a wide range of dk values exists. Also, despite the fact that four of the stars in the 
strong-K-line group are more highly evolved (see dV in col. [21] of Table 6), while only 
two are similarly evolved for the undeviating group, the average dV values are only 
slightly (and probably insignificantly) different: (dV) = 0.058 mag ± 0.013 mag m.e. 
for the deviant stars and (dV) = 0.045 + 0.016 mag for the normal group.3 Further- 
more, the location of the upper group in the (wi, b — y)-diagram (Crawford and Perry 
1966) is not consistent with the suggestion that they form an identifiable sequence in 
metal abundance versus color. 

It is interesting to note as well that, although the observed stars fall in all categories 
from normal to what we called metal-rich in Paper II for the field stars, the stars tend 
to fall in the metal-rich portion of the (dk, d[wi])-plane, and that a small shift of the 
normal-star envelope into the metal-rich region of Figure 10 would encompass most of 
the Hyades stars. We conclude that the observations describe an inherent spread in 
calcium star-to-star abundance, and we ask if the envelope observed in k versus — y is 
significantly different from that of the field stars. If we include all but the most divergent 
stars in an envelope for the field stars in Figure 6 of Paper II, then the total width in the 
¿-index at any given b — y value iti the range mentioned earlier is ^0.37 mag whereas 
that of the Hyades stars is ^0.15 mag; thus the Hyades stars are, indeed, seen to 
manifest less scatter in k than the field stars.4 A similar conclusion is reached from a 
comparison of the envelopes in the (m\, b — y)-diagram of the Hyades stars (Crawford 
and Perry 1966) and field stars (Strömgren 1963), where the respective envelope widths 
scale very nearly as the ^10 decrease in sensitivity between the k and m\ photometric 
indices when used in conjunction with b — y colors. We thus agree with the findings of 
Conti et al. (1965) and Nissen (1970a, b) that the Hyades stars exhibit constancy of 
composition, especially among the A5-F0 classes where our data are most abundant. 
However, it also appears from our discussion given earlier (Hesser and Henry 1971, 
and present paper) that NGC 6475 shows even less scatter than the Hyades. 

IV. SUMMARY 

Observations of 168 stars in five open clusters and one association performed on the 
system of K-line photometry introduced in Paper I and extended in Paper II bring the 
total number of stars observed to date to 537. After analysis of the observations of the 
field stars indicated an intrinsic width in the (¿, b — y)-relation, at a given temperature— 
a width that has been attributed to abundance variations of a factor of 2 in calcium in 

3 If one could eliminate VB 60 from the normal star group for some adequate reason, then, inasmuch 
as it is the most highly evolved star of those measured, the value (dV) == 0.031 ± 0.008 mag is obtained 
for the normal-star group and a possible evolutionary effect seems more likely; lacking adequate evidence 
for adoption of this line of reasoning, we mention it only for completeness. 

4 If, however, we rather arbitrarily exclude the majority of those stars identified in Tables 3 and 4 
of Paper II from consideration in determination of the field star width in Æ at a given temperature, we 
then find a field-star envelope width of ~0.23 mag. The Hyades stars still manifest less scatter than do 
the field stars in such a revised comparison, but then the field stars themselves exhibit less scatter in 
k versus b — y than they do in nti versus b — y. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
7l

A
pJ

S.
 . 

.2
3.

 .
4 

53
H 

STARS IN POPULATION I CLUSTERS 473 

Fig. 10.—The {dk, ¿[wi])-diagram for the Hyades. Star HD 28355, found to be a weak Am star by 
Crawford and Perry, clearly stands apart from the origin with the previously known Am stars. 

Am star. The earliest star observed, VB 56 or 68 Tau (A3 V) falls on the borderline of 
the metallic-star region in the (dk, d[wi])-plane. As the Hyades possess a well-known 
metal richness (i.e., a tendency to have negative ¿[wi]-values [Strömgren 1958; Parker 
et al. 1961; Crawford and Strömgren 1966; Nissen 1970a, Z>]), we see that the K-line and 
intermediate-band photometry does not clearly support the suggestion of Conti, Waller- 
stein, and Wing (1965) that VB 56 is a weak Am star. In turn, however, if the detailed 
analysis that suggests VB 56 to be somewhat unusual is accepted, then the photometry 
cited would indicate that VB 95 and 103 may share the properties of VB 56. 

While restricting ourselves to the spectroscopically normal stars (excluding VB 74 
as well), we find that some of the general characteristics of the two Hyades figures are 
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Fig. 7.—The [Æ, (b — 3/)o]-diagram for IC 2602; the two stars whose indices lie far above the normal- 
star relation for their colors have large, uncertain reddening corrections, and at least one is thought to be a 
nonmember. 
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the solar-neighborhood A stars—we naturally wished to investigate the [k, (b — y)0]- 
relationship in clusters where the spread would presumably be less if the cluster formed 
from a homogeneous portion of the interstellar medium. At least two such regions, 
where greater homogeneity exists in calcium, and presumably general metal abundances, 
have emerged from our studies: NGC 6475 and the Hyades. The A stars of NGC 6475 
seem to be even more homogeneous in k than those of the Hyades, and we urge inclusion 
of this cluster in future intercluster comparison programs for authentication and 
exploitation of this finding. Improved spectroscopy and photometry are badly needed 
for NGC 6475, for, as noted by Abt and Jewsbury (1969), NGC 6475 may be a far 
larger and richer cluster than has-heretofore been assumed. Other regions over which the 
interstellar medium that condensed to form the Population I open clusters was uniform 
in calcium abundance may have been obscured in our photometry by the use of inade- 
quate reddening corrections for individual stars, for example in the Pleiades or IC 2602. 

The data gathered and interpreted in this and the previous investigation (Paper II) 
provide support for three relatively new observational constraints to the phenomenon of 
Am stars. As described in the discussion of Figure 12 in Paper II, within the limitations 
of the preliminary calibration of the uvby-YLß system for A and Am stars, our data tend 
to support the conclusion of Abt (1966) and Smith (1971) that the metallicity anomaly 
is moderated by mild evolution off the zero-age main sequence. Furthermore, we have 
seen that a relatively smooth transition appears to exist in the {dk, d[wj)-plane between 
normal and metallic-line stars, and that metallicism does not appear as a discrete 
phenomenon in that plane. Finally, our cluster data have provided new information 
on the occurrence of Am stars in young Population I clusters. After demonstration in 
Papers I and II of the efficacy of the combination of K-line and intermediate-band 
photometry for the detection of classical (i.e., weak K-line and strong metals) Am stars, 
our results for known Am stars in the Hyades provide strong additional support for the 
technique. Moreover, we have also seen how stars that are weakly metallic—such as 
VB 74 in the Hyades and Hz 531 in the Pleiades, discovered by very careful use of 
normal spectroscopic and photometric techniques—readily stand out in the (dk, d[wj)- 
plane. This in turn lends a measure of confidence to our detection of new, weak Am stars 
in NGC 6475 and IC 2391, both of which are young clusters. The repercussions of such 
observations, when confirmed, have been explored by Conti and van den Heuvel (1970) 
and need not be repeated here. Extensive application of four-color and K-line photo- 
metric techniques to clusters of different ages should readily and unambiguously enable 
the delineation of metallicity characteristics as a function of age to be carried out. 

We are indebted to Lyman Spitzer, Jr., and the Princeton University Observatory 
for the loan of the K-line photometer, to D. L. Crawford and J. V. Barnes for com- 
municating their photometry, especially that of the Pleiades, to us prior to publication 
and for allowing us to use it freely herein, and to D. J. Ludden for his efforts to improve 
the mechanical properties of the photometer. One of us (J. E. H.) particularly wishes to 
thank D. L. Crawford and P. S. Osmer for many stimulating discussions during the 
course of writing this manuscript. One of the authors (R. C. H.) was partially supported 
by National Science Foundation grants GP 7086, 8313, and 11855, and wishes to express 
his gratitude to Jorge Sahade and the Government of Argentina for providing funds for 
one of the trips to South America. Finally, we gratefully acknowledge the support of the 
Cerro Tololo Inter-American Observatory by the National Science Foundation. 
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