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Abstract

The luminosity functions of the following galactic clusters have been obtained

down to mpe ^ 20

NGC 188 NGC 663 NGC 2158 NGC 2539

XGC 436 NGC 1907 NGC 2194 NGC 2682 (M67)

NGC 457 NGC 1960 (M36) NGC 2362 (r CMa) NGC 7789

NGC 559 NGC 2099 (M37) NGC 2477 IC 361

NGC 581 (M103) NGC 2141 NGC 2506 Trumpler 1

It is found that striking differences exist among the main sequence luminosity

functions of individual clusters. Also it appears that the faint ends of the luminosity

functions of galactic clusters differ systematically from the van Rhijn-Luyten lumi-

nosity function for field stars in the vicinity of the sun in the sense that (with one

exception) all the clusters which were investigated to faint enough limits, had

luminosity functions which either decreased or remained constant below Mpg = 4-5.

The differences between individual clusters and the differences between the lumi-

nosity functions of clusters on the one hand and field stars on the other show that the

luminosity function of star creation is not unique. This result is taken to indicate

that the luminosity function with which stars are created probably depends on the

physical conditions prevailing in the region of star creation.

It is also shown that the observed surface density of cluster stars may be repre-

sented by an exponentially decreasing function of the distance from the cluster

centre. In a number of clusters, which have ages larger than their relaxation times,

the brightest cluster stars are found to be more strongly concentrated towards the

cluster centre than are the faintest stars.

Observational Material

This investigation is based on a series of 170 plates of galactic

clusters obtained with the 48-inch Schmidt telescope on Palomar

Mountain during nine nights in January and February of 1958*. A
series of exposures ranging from 4 seconds to 10 minutes on Kodak

103aO emulsion (no filter) was obtained of each cluster. Also one

5-minute exposure of each cluster was taken on Kodak 103aE emulsion

behind a red plexiglass filter. The limiting magnitude of each blue

plate was determined from a magnitude sequence which had previously

been established within the cluster. On each plate stars were counted

in rings centred on the cluster. From these counts the number of

*During the night of January 13/14, 1958, the seeing deteriorated rapidly. All

plates taken after 19h 15m P.S.T. were subsequently rejected
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cluster stars in each ring down to a given limiting magnitude was

determined. By means of this procedure it was possible to investigate

the luminosity functions of 20 galactic clusters down to about 20th

magnitude.

Counting Procedure

The centre of each cluster was found by inspection and the plate

was placed, emulsion downwards, on a sheet of transparent polar

graph paper, in such a way that the centre of the cluster coincided

with the pole of the co-ordinate system.

The difference in the radii of two consecutive circles of the polar

graph paper was 0.1 inches, corresponding to 171" on the plate. The
annuli, henceforth called "rings", thus formed, were numbered 1, 2.

3, etc., from the pole outwards.

Counting stars on a plate is not free from a "personal equation"

effect. Innumerable decisions have to be made, rejecting some marks

on the plate while accepting others as stars. A comparison between

independent counts by the two authors on four plates in M67 is

shown in figure 1. The comparison shows that the counts by van den
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An individual's counting limit is likely to vary somewhat over a

period of time. To reduce, as much as possible, the effects of such

systematic variations of the counting limit while counting stars on a

single plate each cluster was divided into four quadrants and the

quarter-rings thus formed were then counted in what was effectively

a random order.

The basic data on each cluster were obtained by counting stars

down to the plate limit on plates with different limiting magnitudes.

In a number of cases these data were supplemented by counting only

those stars brighter than a certain star of known magnitude, which

was well above the plate limit. The latter data are considered to be

of somewhat lower accuracy than the counts down to the plate limit

The Number of Cluster Stars

To estimate the surface density of background stars, the area which

was counted in each case extended well beyond the boundary of the

cluster. A "rule of thumb" was to choose the background area roughly

equal to the cluster area, but this precept was not followed rigidly.

Suppose that the adopted background area, A b , contains Nb stars,

then the density of background stars, a b , is

<r b = — (1)
Aj,

Let there be N(rn ) stars in the «th ring within the cluster, then the

number of cluster stars within the ring is

Ne(r%) = N(rn )
- A(n) <r b (2)

where A (n) is the area of the nth ring.

Mean errors were associated with each determination of the number

of cluster stars. These errors were obtained in the following way:

Let

e c
= mean error of the number of cluster stars

€i = mean error of the number of background stars within the area

of the cluster, due to the uncertainty in the surface density of back-

ground stars, <r b

«2 = error due to the statistical fluctuations of the number of back-

ground stars, themselves, within the cluster

then

Cc
2 = ei

2 + €2
2

(3)
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in which

ei2 = Nbdl and e 2
* = n£*

Af A,

where A b is the background area and A c is the cluster area.

It should be emphasized that these errors do not take into account the

uncertainties in the adopted limiting magnitudes or the uncertainties

which might be introduced by irregular absorption over the back-

ground or cluster areas. Most of the clusters which will subsequently

be discussed were selected for observation because they appeared

projected on a relatively smooth field of background stars.

Determination of the Limiting Magnitudes

(a) Standard Sequences

Photoelectric sequences and (or) photographic transfers were used

to establish a standard sequence in or near each cluster. The photo-

graphic magnitudes of the sequence stars were determined with the

Eichner photometer of the California Institute of Technology. All

magnitudes were transformed to the P system by means of the relation

(Allen 1955).

P - y = 1.10 (B - V) - 0.18 (4)

Details on individual magnitude sequences are given below:

NGC 188: A photoelectric magnitude sequence to magnitude 17.2 was kindly

supplied by Dr. Sandage. As NGC 188 lies less than 5° from the pole two transfer

plates were taken, with both the cluster and the North Polar Sequence appearing

on the same 14 X 14 inch plate. These transfers were used to set up a sequence

in the cluster that included fainter stars than those in the photoelectrically obtained

sequence. No significant deviations were found in the magnitude range where the

two sequences overlap.

NGC 436, NGC 457, NGC 559, NGC 581, NGC 663, Trumpler 1: A photoelectric

sequence by Pesch (1959) down to magnitude 14.6 was used. The sequence was

extended by means of a photographic transfer to SA 51 in which Dr. Baum had

established a photoelectric sequence which he kindly made available to us.

NGC 1907, NGC 1960: A magnitude sequence was set up by means of two photo-

graphic transfers to SA 51. No systematic differences between this sequence and

sequences set up by Johnson and Morgan (1953) to mVQ = 12.7 and Cuffey (1937a)

to mPB = 16.6 were found.

NGC 2099: The magnitude sequence depends on one photographic transfer to SA 51.

NGC 2141, NGC 2194: The magnitude sequence depends on two photographic

transfers to SA 51. Comparison of our sequence with one set up by Cuffey (1943)

in NGC 2194 indicates a systematic difference in the sense m (Cuffey) — m (adopted)

= 0.08. Cuffey's sequence extends to magnitude 16.6.
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XGC 2158: A photoelectric sequence in this cluster down to magnitude 20.0 was
kindly made available to us by Dr. Arp.

XGC 2302: A photoelectric sequence down to magnitude 15.1 has been obtained in

this cluster by Johnson and Morgan (1953). The sequence was extended to fainter

magnitudes by means of two transfers to SA 57 in which a photoelectric sequence

had been set up by Baum. The photographic transfers to this cluster are rather

unsatisfactory since they were affected by fogging due to the lights of San Diego.

XGC 2477: A sequence by Miss Sawyer (1930), which is probably of rather low

accuracy, was used.

XGC 2500, NGC 2539: The adopted magnitude sequences depend on two photo-

graphic transfers to SA 57.

XGC 2082: A photoelectric sequence down to magnitude 17.0 by Johnson and
Sandage (1955) was extended to fainter magnitudes by means of two photographic

transfers to SA 51. The transfer magnitudes were reduced by 0.2 magnitudes to

bring them into agreement with the photoelectric sequence.

XGC 7789: A photoelectric sequence (Burbidge and Sandage 1958) down to

magnitude 17.3 was kindly supplied by Dr. Sandage. This sequence was extended

by means of two transfers to SA 08. The transfer magnitudes were shifted by 0.78

magnitudes to bring them into agreement with the photoelectric data. This large

zero point error is probably due to the fact that the cluster was rather far west at

the time of observation so that the plates may have been affected by twilight.

IC 301: The adopted magnitude sequence depends on two photographic transfers

to SA 57.

In some cases the number of standard stars in a given magnitude

interval was rather small. In such cases the magnitudes of additional

stars were interpolated by measuring image diameters.

(b) Determination of the plate limits

The provisional limiting magnitude of each plate was determined

from the standard sequence on that plate. Let m
t and m, be the

magnitudes of two adjacent stars of this sequence. If star i was
visible but star j was not, then \{mi + w

; ) was adopted as the pro-

visional limiting magnitude of the plate. Sometimes the appearance of

the images suggested that this limiting magnitude was too bright, or

perhaps, too faint and the simple average, accordingly, was reduced or

increased slightly. In the case of transfer plates it was assumed that

the limiting magnitude in the selected area was equal to that in the

cluster.

The limiting magnitudes obtained in this manner are unsatisfactory

on two counts:

(1) The limiting magnitude is an interpolation between two limits

nii and m
}
which in ;i representative sequence might differ by 0.3

magnitudes.
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(2) No account is taken of possible fluctuations in the sensitivity

of the photographic emulsion as a function of position on the plate.

Clearly such variations might affect the visibility or invisibility of a

certain sequence star.

The provisional limiting magnitudes were therefore adjusted by

requiring them to fulfil the condition that the background count,

Nb (m) must be a smoothly increasing function of the limiting mag-

nitude. Experience shows that the effective counting limit lies some-

what above the actual plate limit. From a comparison of the luminosity

function of the inner region of M67 derived in this paper, with that

obtained by Johnson and Sandage (1955) it was estimated that the

effective counting limit is 0.5 magnitudes brighter than the actual

plate limit. This correction was applied to the limiting magnitude of

all counts down to the plate limit. The magnitudes in Tables I and II

(see p. 220 to p. 235) therefore refer to the actual limiting magnitude

of the counts and not to the plate limit itself.

TABLE III

Basic Data on Clusters

Cluster
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Notes on Table II

J

NGC 188: Modulus obtained by fitting Sandage's provisional main sequence to the

zero-age main sequence. Zero reddening was assumed.

XGC 436: True distance modulus taken from Boden (1951 J. Absorption assumed to

be same as that measured in the nearby cluster NGC 457 by Pesch (1959).

NGC 457: Data from Pesch (1959).

N'GC 559: Data derived from Hiltner's (1956) observations of H.D. 8768 and

H.D. 9105 using Johnson's (1959) intrinsic colours.

NGC 581: From Kruspan (1959). Hiltner's (1956) data on B.D. -f59°273 confirm

Kruspan's estimate of the reddening.

NGC 663: Data derived from Hiltner's (1956) observations of B.D. +60°331, 333,

339, 343 using Johnson's (1959) intrinsic colours.

NGC 1907: Distance and reddening were obtained under the assumption that the

cluster is physically associated with nearby OB stars. The data for these OB stars

were taken from Hiltner (1956).

NGC 1960: Data from Johnson (1957'.

NGC 2099: Apparent modulus obtained by assuming the red giants in this cluster

(Lindblad 1954) to have the same Mpe as those in the Hyades and Praesepe.

NGC 2158: Modulus obtained by fitting the colour-magnitude diagram given by

Cuffey (1937b) to that of NGC 7789. The cluster-reddening was estimated by

comparing provisional photoelectric magnitudes and colours obtained by Arp for

some stars on the red giant branch with those obtained by Burbidge and Sandagc

(1958) in NGC 7789.

NGC 2194: Data from Cuffey (1943).

NGC 2362: Data from Johnson (1957).

NGC 2477: Measurements of the diameters of stellar images on red and blue plates

indicate that the cluster colour-magnitude diagram is possibly intermediate

between those of NGC 752 and M67. The cluster main sequence terminates at

about mvg
= 13.0. Assuming this to correspond to Mpe = +2.5 one obtains

tn — Mpo = 10.5.

NGC 2539: Modulus obtained by comparing the cluster red giants (Zug 1933; with

those in the Hyades and Praesepe. Absorption estimated by assuming A p0
=

0.24 cosec b.

NGC 2682: Data from Johnson and Sandage (1955).

NGC 7789: Data from Burbidge and Sandage (1958).

Trumpler 1: Modulus from Kruspan (1959). Hiltner's (1956) colour exces> for

B.D. +60°274 is consistent with the absorption used by Kruspan.

The Luminosity Functions of Clusters

(1) Old Galactic Clusters: XGC 188, XGC 2682 (AI67)

XGC 188 and M67 are the two oldest known galactic clusters. Both

clusters are located at intermediate galactic latitudes and are therefore

particularly well suited for a determination of their luminosity func-

tions. M67 appears projected on a very smooth stellar background.
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Some faint emission and reflection nebulosity is visible in the vicinity

of NGC 188 and star counts indicate some irregularities in the stellar

background. As a result the luminosity function of NGC 188 is

probably less accurate than that of M67. The luminosity functions of

NGC 188 and M67 are shown on pages 236 and 237 respectively.

Comparison of these two figures shows that the luminosity functions

of both clusters exhibit a number of points of similarity. The integral

luminosity functions of NGC 188 and M67 show a sudden increase in

slope at mP0
~ 15.6 (Mpg

~ + 5.1) and mvg
~ 13.3 (MPB

~ -+ 3.5)

respectively corresponding to the termination points of the cluster

main sequences. In both clusters the integral luminosity function has

the largest slope (maximum of the differential luminosity function)

less than one magnitude below the termination point of the main

sequence. Below this maximum the luminosity functions decrease

continuously down to the limits of observation. Comparison of the

luminosity functions for the entire cluster with those for the inner

region of each cluster shows that the brightest and hence most massive

stars are more strongly concentrated towards the cluster nuclei than

are the faintest least massive stars. Such an effect would be expected

on dynamical grounds since both clusters are considerably older than

their respective times of relaxation.

Table IV gives for both clusters the distance from the galactic plane,

Z, the radius containing half of the cluster mass in projection, r$, the

largest distance to which the cluster could be traced, rm , the extra-

polated total cluster mass, ffl, the extrapolated total number of cluster

stars, N, and the cluster relaxation time, r, computed by means of an

equation recently given by King (1959).

TABLE IV

Data on NGC 188 and M67

Cluster Z ri rm $R N r

NGC 188 +500pc. 6.5'=2.4pc. 20' = 7 .2 pc. 9009)?Q 1200: 1.2X10»y.
M67 +450 9.4 = 2.2 28 =6.5 800 1000: 1.0X10"

The mass-luminosity law tabulated by Schmidt (1959) was adopted to

determine the total cluster mass. Stars which have evolved from the

main sequence were assigned masses of 1.0 and 1.2 WlQ respectively in

NGC 188 and M67. The mass in the form of white dwarfs was assumed
to be 509J?o in NGC 188 and 409)?o in M67. The extrapolated total
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number of cluster stars, N, is considerably less accurate than the

extrapolated total cluster mass 2ft.

(2) Galactic Clusters of Intermediate Age: NGC 2099 (M37), NGC
2141, NGC 2158, NGC 2194, NGC 2477, NGC 2506, NGC 2539,

NGC 7789, IC 361.

The luminosity functions of clusters of intermediate age (pages 238

to 246) show a number of interesting differences. Some of these dif-

ferences are due to evolutionary effects, i.e. differences in the shapes

of the red giant branches of the cluster colour-magnitude diagrams. In

other clusters the differences are due to genuine differences in the

cluster main sequence luminosity functions.

In the clusters NGC 2158 (p. 240) and NGC 7789 (p. 245) the slope

of the integrated luminosity functions changes abruptly at mvg
~

17.0 (Mpg ~ + 2.2) and mvg
~ 14.0 (Mpg

~ + 1.5) respectively. This

change in slope corresponds to the termination point of the cluster

main sequence and to a concentration of red giants at the beginning

of the cluster giant branch. The same explanation may also account

for the sudden change in slope near mVQ
~ 17.7 in the rich cluster

NGC 2141 (p. 239), for which the distance modulus is unfortunately

unknown. A similar explanation may account for the change in slope

of the integral luminosity function of NGC 2506 (p. 243) near mpg
~

15.5 for which the distance modulus is also unknown.

The figure on p. 238 shows that the main sequence luminosity

function of NGC 2099 (M37) has a flat maximum between the termi-

nation point of the cluster main sequence near Mvg
= and Mvg

= +4.

For fainter stars the luminosity function appears to decrease gradually.

The main sequence luminosity functions of NGC 2477 (p. 242),

NGC 2506 (p. 243) and NGC 2539 (p. 244), also seem to decrease

slightly towards fainter magnitudes. The main sequence luminosity-

function of NGC 7789 (p. 245) appears to remain approximately

constant over the range +2.5 < Mvg < +5.5. On the other hand

the luminosity function of NGC 2194 (p. 241) seems to increase down

to the limit of observation at Mvg
= +6.

The data gave some indication that the brightest stars in NGC
2099 (M37), NGC 2194 and IC 361 are more concentrated towards the

cluster nucleus than are the fainter stars.

(3) Young Galactic Clusters: NGC 436, NGC 457, NGC 559, NGC
581 (M103), NGC 663, NGC 1907. NGC 1960 (M36). NGC 2362

(r CMa), Trumpler 1.
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Young galactic clusters, which have only recently been formed from

the interstellar gas, are usually located at low galactic latitudes. They,

therefore, appear projected on a rich stellar background, which, due

to the effects of absorbing interstellar clouds, is often quite irregular.

As a result the luminosity functions of young galactic clusters are less

reliable than those for the clusters of intermediate age, which have

been discussed previously. Only in the case of the clusters NGC 436,

NGC 457 and NGC 2362 was the background sufficiently homo-

geneous to determine the luminosity function in the usual manner.

For the other clusters it could, however, be assumed that the back-

ground was reasonably uniform over the two innermost rings. For

these clusters only f<t>(M ) could be determined, in which/ is an un-

known constant which is smaller than one and <t>(M) is the luminosity

function of the entire cluster.

Let N(rn,m) be the total number of stars brighter than m in ring n

and let N c (rn,m) be the number of cluster stars brighter than m
in ring ?i, then

N c{rn,m) = N(rn,m) - <r b(m) A (n) (5)

in which cr 6(m) is the surface density of background stars brighter than

m and A(n) is the area of ring n. Since we are dealing with very young

clusters, which have ages smaller than their times of relaxation, it will

be assumed that the radial density distribution of cluster stars is

identical for all magnitudes. Equation (5) may then be written

K{n) N c(m) = N(rn,m) - a h(m) A(n) (6)

in which K(n) is the fraction of all cluster stars N c(m) in ring w. From
equation (5) for rings 1 and 2 one obtains

fNe(m) = Ik(1) - ^]i\Te(m) = N(\,m) - ^pi (7)

This equation was used to determine the function f<f>(M) for those

clusters in which the absorption was judged to be relatively homo-

geneous over the nuclear region of the cluster.

The luminosity functions of the nine young clusters which were

studied in the present investigation are shown on pages 247 to 250.

The data indicate that the luminosity functions of young clusters differ

from cluster to cluster. In the majority of the clusters the luminosity

function appears to increase rapidly and then remains constant down
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to the limit of the observations. On the other hand the figures on p. 250

indicate that the clusters NGC 1907, NGC 1960 (M36) and NGC 2362

(t CMa) appear to contain few if any intrinsically faint stars.

Star counts were made on the red prints of the Palomar Sky Survey

in NGC 1907 and NGC 1960 to check the possibility that the apparent

absence of faint cluster stars might be due to some peculiarity of the

absorption in or near the nuclei of these clusters. Such absorption

would of course be less effective in the red than in the blue. The results

of the counts on the Sky Survey red prints are shown as open circles

on p. 250 and seem to agree with the results obtained from the blue

plates. Due to the fact that interstellar absorption is smaller in the

red than in the blue, and because the faintest cluster stars are intrin-

sically red, the counts on the red prints should reach even fainter

cluster stars than those recorded on the blue plates. It is therefore

concluded that the absence of intrinsically faint stars in NGC 1907

and NGC 1960 (M36) is probably real. The possibility that the least

massive stars in such very young clusters are still non-luminous,

should of course, be kept in mind.

It is of some interest to note that if <f>
Cas is a member of NGC 457

(Pesch 1959), then the cluster contains stars with a brightness range

of at least 15 magnitudes. On the other hand the main sequences of

NGC 1907 and NGC 1960 (M36) only appear to be populated over a

range of about 7 magnitudes.

The Radial Density Distribution of Cluster Stars

From the counts of stars in rings centred on the cluster nucleus the

radial density distribution of cluster stars could be determined for the

majority of the clusters contained in the present programme. The

results are shown in figure 2, in which the fraction of all cluster stars

F(r/rk*) within radius r is plotted as a function of r/r$* in which

rj* is the radius containing half of the cluster stars in projection. A
cluster in which cluster stars could be traced out to a distance of n

rings is represented in the figure by n points. The figure shows that

the radial density distributions of all clusters which have been in-

vestigated are essentially similar. The scatter of the points for the

outer regions of clusters may be largely due to the uncertainties

inherent in the observations. The data for the high latitude clusters

NGC 188 and M67 and the very rich cluster X(\C 7789, which are
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believed to be more accurate than those for the other clusters, are

given in Table V (the points for these clusters are shown as large

dots in figure 2).

TABLE V

Fraction of all Cluster Stars F(r/r^*) Within Radius r/rj*

NGC 188

r/rj* 0.00 0.44 0.87 1.30 1.74 2.17 2.01 3.04

F 0.00 0.17 0.43 65 0.77 0.86 0.95 1.00

r/rj<

F

F

XGC 2682 (M67)

0.00 29 0.59 0.88 1.18 1.47 1.76 2.06 2.35 2.65 2.94

0.00 0.10 0.28 0.43 0.58 0.71 0.80 0.86 93 0.96 1.00

XGC 7789

0.00 34 0.69 1.03 1.38 1.72 2.07 2.41 2.76 3.10

0.00 0.11 34 0.51 0.68 0.81 0.90 0.94 0.98 1.00

100
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In figure 2 a smooth curve shows F(r/r±*) for an isothermal cluster

with a cutoff at £ = 10, which has been tabulated by Chandrasekhar

(1942). The scale factor for the isothermal distribution was chosen

such that F = 0.5 for r = ri*. Comparison of the observed points,

with the curve representing an isothermal cluster, shows systematic

deviations which are probably significant. For r/ri* < 0.5 the observed

points lie above the isothermal curve and for r/ri* > 0.5 the observed

points fall predominantly below it. The observations may be repre-

sented remarkably well by a stellar surface density, a, of the following

form

^Jl = g
-l.«8r/r

4

*

(g)
<t{6)

The data on the radii of the clusters contained in the present pro-

gramme are given in Table VI.

TABLE VI

Cluster Radii Containing Half of the Cluster Stars in Projection
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the differences which are observed among the luminosity functions of

unevolved main sequence cluster stars. The data on the luminosity

functions of those clusters for which the observations extend below

MPg
= +5 are summarized in Table VII. The data for the Hyades,

Pleiades and Praesepe were taken from Sandage (1957).

TABLE VII

The Faint Ends of Cluster Luminosity Functions

Cluster Limiting Mpg <t>(Mpe)

NGC 188

NGC 436

NGC 457

NGC 559

NGC 581 (M103)

NGC 663

NGC 1907

NGC 1960 (M36)

NGC 2099 (M37)

NGC 2194

NGC 2362 (t CMa)
NGC 2539

NGC 2682 (M67)

NGC 7789

Trumpler 1

Hyades
Pleiades

Praesepe

Fable VII shows that, with only one exception, the faint ends of the

luminosity functions of galactic clusters either decrease or remain

constant. This behaviour is in sharp contrast to that of the van Rhijn-

Luyten luminosity function for field stars in the vicinity of the sun.

Recent computations by Schmidt (1959) show that <t>(Mpg) for field

stars begins to increase sharply at Mpg
= +5. The present observa-

tions show that such an increase does not, in general, occur in the

luminosity functions of galactic clusters.

In the case of very old clusters like NGC 188 and M67 it might be

assumed that the difference between the cluster luminosity functions

and the van Rhijn-Luyten luminosity function is due to the escape

of faint cluster stars (van den Bergh 1957). However, the relaxation

times of these clusters (see Table IV) are so long that it now appears

+ 10
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unlikely that the entire discrepancy could be accounted for in this

way. The fact that faint stars appear to be almost absent in such

young objects as NGC 1907, M36 and the r Canis Majoris cluster

could conceivably be accounted for by assuming that such faint stars

have not yet contracted to a position near the main sequence. How-
ever, this appears unlikely in the light of Walker's (1956) observations

of the extremely young cluster NGC 2264, which show that stars as

faint as Mpg
= +8 occur in that cluster. In any case neither of

the two special hypotheses outlined above could account for the

differences between the van Rhijn-Luyten luminosity function and the

luminosity functions of galactic clusters of intermediate age.

The differences between the luminosity functions of galactic clusters

on the one hand and the luminosity function of field stars on the other

may be accounted for in a number of ways. It may be assumed that:

(1) There now exists a universal cluster luminosity function which

is identical to the luminosity function of star creation during the last

few million years and this luminosity function differs from the initial

luminosity function of star creation in the galaxy.

(2) The luminosity function of galactic star clusters is not repre-

sentative of the luminosity function of star creation. This presumably

implies that the conditions under which star clusters are created are

not representative of the conditions under which "average" stars in

the galaxy were formed.

For a number of reasons, the second hypo thesis appears more
attractive than the first. If the first hypothesis were correct then, to

account for the present luminosity function of field stars, one would

have to assume that the luminosity function of star creation in the

galaxy initially contained a much larger fraction of faint stars than it

does now. This is equivalent to saying that the initial luminosity

function of star creation must have been deficient in bright stars.

According to current views on stellar evolution, the ejection of heavy
elements, formed by nucleogenesis in bright stars, enriches the heavy

element concentration in the interstellar gas. It is, therefore, difficult

to see how the presumably rapid increase in the heavy element

abundance during the first phase of the evolution of the galaxy could

be understood if the luminosity function of star creation were initially

deficient in massive stars.

The striking differences between the luminosity functions of in-

dividual galactic clusters makes it difficult to believe in the universality
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of the luminosity function of star creation. It would appear to be

more reasonable to assume that the differences between individual

star clusters and also between star clusters on the one hand and field

stars on the other are due to different physical conditions in the

regions of star creation. Although our understanding of the processes

by which stars are created from the interstellar gas is still very frag-

mentary, it appears likely that the resulting spectrum of stellar masses

will depend to some extent on the prevailing gas density, temperature

and turbulent velocity and perhaps also on the prevailing strength and

configuration of the magnetic field.

The conclusion that the luminosity function with which stars are

created depends on the physical conditions prevailing in the region of

star formation implies that it is not possible to obtain a significant

determination of the change in the rate of star formation with time by

comparing the present main sequence luminosity function of bright

field stars with the bright ends of cluster luminosity functions. Assum-

ing the dependence of the rate of star formation, /(/), on the gas

densitv p, to be given bv

f{t) ~ p" (9)

Schmidt (1959) obtains n = 1 to 2 from a comparison of the main

sequence luminosity function of bright field stars with a "mean"
luminosity function of bright stars in young clusters. On the other

hand he finds that a comparison of the distribution of young stars and

interstellar gas perpendicular to the galactic plane yields n = 2 to 3.

The present investigation suggests that this discrepancy may be due

to the fact that it is not legitimate to assume that the luminosity

functions of galactic clusters are identical to the general luminosity

function of star formation.

(Concluded on page 251)



TABLES AXD FIGURES

Information concerning the arrangement of the tabular
material and figures is given below.

Table I - Star Counts

The table contains the actual number of stars counted
per ring down to each limiting magnitude. Limiting magni-
tudes marked by an asterisk refer to counts of stars brighter
than a star of that magnitude. Limiting magnitudes not so
marked refer to counts to the plate limit. Uncertain limit-
ing magnitudes are followed by a colon. Limiting magnitudes
followed by the letters B or R refer to counts on the blue
or red prints of the Palomar Sky Survey. A vertical line in
the tables indicates the adopted boundary between the cluster
and background areas. In XGC 2158 and XGC 7789 numbers in
parenthesis are counts corrected for overlapping images in
the crowded cluster nuclei. In NGC 2158 numbers preceded by
a minus sign give the number of background stars in the quad-
rant containing the nearby cluster 213 5. These were subtrac-
ted from the total number of stars in each ring to give the
adopted background.

Table II - Integral Luminosity Functions

The table gives the total number of cluster stars X(m)
down to each limiting magnitude as determined from the star
counts in Table I. For most clusters the data are given
separately for the inner region of the cluster, in which the
cluster luminosity function is less affected by uncertain-
ties in the adopted background level, than is the luminosity
function of the entire cluster. For a number of young clus-
ters only f N(m) is given in which f is an unknown constant
which is smaller than one. In the case of 2TGC 2362 the
inner half ring was excluded because the data are affected
by the bright star T CXa. which is in the centre of the clus-
ter.

Figures

The following figures give the integral luminosity func-
tions (below) and differential luminosity functions (above)
for the clusters contained in the present programme. The data
for the inner cluster region are represented by the lower
curve (scale on right) and solid histogram. The data for the
entire cluster are given by the upper curve (scale on left)
and the open histogram. Data obtained from the red prints
of the Palomar Sky Survey are shown as open circles.
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TABLE II - LUMINOSITY FUNCTIONS

NGC 11



TABLE II (continued)

(cont'd)







TABLE II (concluded)

NGC 7789 (concluded)
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