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out areas in which to search for reasonable sites 
satisfying other considerations as well, and in 
providing a known rather than an estimated 
figure for the loss in observable time resulting 
when sites outside the optimum zones are selected 
or operated for other reasons, as they will gen- 
erally continue to be. 
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THE LUMINOSITY FUNCTION FOR THE GLOBULAR CLUSTER M3 

By ALLAN R. SANDAGE 

Abstract. The luminosity function for M3 has been obtained from = —3.0 to AfpV = +6.8 from counts on plates 
taken with the 200-inch Hale telescope. The counts give a total of 44,500 stars within 8' from the center of M3 brighter 
than mPv = 22.5, = +6.9. The function has been carried to sufficiently faint magnitudes so as to include all stars 
which contribute appreciably to the total light. Ninety per cent of the total light of M3 comes from stars brighter than 

= +3.8. The major contribution to the total mass comes, however, from stars too faint for observation. If the 
van Rhijn luminosity function, valid for the solar neighborhood, is used to extrapolate the M3 luminosity function, a 
total mass of 1.4 X 105 solar masses is found. This is a factor 4 smaller than the mass for M3 estimated from O. C. 
Wilson’s dynamical mass for the cluster M92. The uncertainty in Wilson’s value prevents definite conclusions as to the 
validity of the discrepancy. If it is real, the globular-cluster luminosity function differs from the van Rhijn function at 
the faint end by a large factor. 

Evidence for a difference in the luminosity function for I 
distribution curves in Figure 4. This indicates that globular 
another. 

I. Introduction. The luminosity function, 
defined as the number of stars per unit 

volume in a stellar aggregate having absolute 
magnitudes between M + A+f and M — AAf, 
is of importance since it represents either a cos- 
mogonic or an evolutionary property of the sys- 
tem. If it is cosmogonic in origin, it reflects the 
initial conditions of star formation. If it results 
from an evolutionary process, the function gives 
the rate at which stars are moving through a 
given luminosity range. 

Shapley, in his classic researches on clusters at 
Mount Wilson in the years just prior to 1920, 
obtained the luminosity function to absolute 
magnitude +1 in a number of the nearer globular 
clusters. After this early pioneer effort, there was 
little additional work to obtain <p(M) is clusters 
to fainter magnitudes. Use of the 200-inch Hale 
telescope with its large scale and fine definition, 
and use of the fast photographic emulsions de- 
veloped by the Eastman Kodak Company has 
made possible a detailed study of <p{M) to abso- 
lute magnitude +7. This paper is concerned with 
the luminosity function in M3. 

The next section describes the method of deri- 
vation and gives the tabulated function while 
the third section discusses the resulting (p{M) in 

l nebulae and globular clusters is shown from the energy 
clusters and elliptical nebulae are not scale models of one 

terms of certain integral properties of aggregates 
of stars. 

2. The determination of <p(M). The luminosity 
function, <p(M), will be defined in this investiga- 
tion as the number of stars within 8' from the 
center of M3 with absolute magnitude between 
M — 0.1 and M + 0.1. The ideal way to deter- 
mine would be from counts in a complete 
photometric catalogue of the cluster. Such a 
catalogue does not exist. Table VI of the report 
on the color-magnitude diagram of M3, pub- 
lished in this Journal,1 is the photometric cata- 
logue on which the following discussion is based. 
This catalogue is incomplete due to selectivity 
effects ; however, it is complete in a relative sense 
to mpv = 17.0 and counts can therefore give the 
shape of (p(M) from mPv = 12.5 to wpv = 17.0. 
The relative luminosity function, ^R(Af), ob- 
tained in this manner to mpv = 17.0 differs from 
the complete <p{M) by only a multiplicative 
factor, i.e., 

<p{M) = atp^M), (1) 

where a measures the incompleteness of the table. 
The value of a may be determined from 

N{M) = (2) 
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where N(M) is defined as the total number of 
stars within 8' from the center of M3 brighter 
than magnitude M. By the definition of <p(M) 
and N(M)} (2) follows from (1) since 

Mj 
A(My + 0.l)= Z (3) 

Equation (2) determines a since may be 
obtained from the counts in the photometric 
catalogue and N(M) from general star counts on 
plates of M3 to be described later. The value 
of a which best fits the data is 3.5. This is the 
factor by which the counts from the photometric 

Figure I. The luminosity function for the 
bright stars in M3. 

catalogue must be multiplied for the stars in M3 
within 8' from the cluster center. 

Figure I gives the total luminosity function 
for the brightest stars in M3 so determined. 
The 200 variable stars not included in this table 
have been added. The characteristic hump at 
WpV = 15.6 is quite conspicuous. This apparent 
magnitude corresponds to an absolute magni- 
tude 0.0 since the apparent modulus of M3 is 
m — M = I5-63-1 When all stars bluer than 
C.I. = +0.50 were excluded from the count, the 
dotted histogram resulted which shows that the 
hump in (p{M) at Âfpv = 0.0 is caused entirely 
by the stars on the horizontal branch. The ex- 
treme narrowness of this characteristic peak 
further illustrates the small dispersion in the 
photovisual magnitudes of most stars on the blue 
branch. Finally, Figure 1 shows the relative in- 
completeness of the photometric catalogue fainter 
than mPv = 17.0. 

For stars fainter than wpv = 17.0 not even 
the form of <p(M) may be obtained from the 
photometric catalogue due to the multiple selec- 
tivity involved in the choice of stars fainter than 
this limit. It is therefore evident that for stars 
fainter than mpv = 17.0 data other than counts 
in the catalogue must be used to obtain <p(M). 
These additional data consist of star counts on 
a series of plates of M3 exposed to different 
limiting magnitudes. 

Ten plates were counted, all taken on Eastman 
I03a-D plates behind a Schott GG11 filter with 
the 200-inch Hale telescope. The data for these 
plates are given in Table I. The limiting magni- 
tudes to which the counts refer were determined 
for each plate by comparisons with stars of the 
photometric catalogue. For plates whose limiting 
magnitudes were fainter than the stars of this 
table, extrapolation procedures had to be used. 
The limiting magnitude of the faintest plate 
counted, PH-385-B, was obtained by the experi- 
mental rule used at Mount Wilson for many 
years,2 that for a factor 3 in exposure time, the 
gain in limiting magnitude is 1.0. A 15-minute 
exposure with the particular emulsion of this 
faintest plate could reach mpv = 21.5. The ex- 
posure time of PH-385-B was 50 minutes. Its 
limiting magnitude, by the above rule, would be 
mpv = 22.6. The value mpv = 22.5 will be adopted 
for this plate. 

TABLE I. STAR COUNT DATA FOR M3 

Plate 
PH-350-s 
PH-351-s 
PH-353-S 
PH-354-S 
PH-352-s 
PH-355-S 
PH-486-s 
PH-613-B* 
PH-487-s 
PH-385-B* 

Exposure 
time 

5s 

15s 

30s 

im 

3m 

6m 

5m 

iom 

I5m 
5°m 

Limiting 
Wpv 
I4.I 
15.0 
16.1 
I6.9 
I77 
19.5 
20.1 
2O.7 
21.6 

(22.5) 

AM 
-I.53 
-O.63 
+ O.47 

I.27 
2.07 
3- 87 
4- 47 
5- 07 
5-97 

(6.87) 

N (w) 
169 
396 

1,318 
1,949 
2,648 
9,812 

15,940 
22,175 
34,^75 
44,540 

* Plate taken by Baade. 
J Corresponds to an apparent modulus tn-M = 15.63. 

The difficulty in determining the total N{m) 
for the cluster arises from the necessity of ex- 
trapolating the star counts into the densely 
packed nuclear region where counts of individual 
objects are impossible. This difficulty may be 
appreciated by inspection of any long-exposure 
photograph of a typical globular cluster. The 
problem is not, however, as serious as might be 
imagined since although the number density for 
stars brighter than magnitude m, p(w, r), be- 
comes very large near the cluster center, the 
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area over which the extrapolation is made is quite 
small. The total membership within 8' of the 
nucleus is given by 

N(m) =27rf rp(r, m) dr. (4) 
Jo 

The N (m) values in Table I were obtained from 
(4) by extrapolating rp(r, m) as r —> o. 

The luminosity function fainter than mpv = 
17.0 was obtained by differencing the values of 
N(m) taken from a smoothed curve passing 
through the data of Table I. The resulting ^(ikfpv) 
is shown in Figure 2 and given numerically in 
Table II at intervals of 0.2 magnitude. Also 
tabulated in the third column of Table II are 
the corresponding values of N(M + 0.1). To the 
limit of the data at ikTpv = 6.8, or mpv = 22.4, 
there are 44,000 stars in M3. 

The luminosity functions in photographic light, 
Mpg, and bolometric light, Mboi, were obtained 
from the ^(Afpv) values by a suitable application 
of the color indices and bolometric corrections.3 

These values are also given in Table II. 
The function <p(Mbo\) is linear with the bolo- 

metric intensity from Mbo\ = +1.0 to Mboi = 
+4.0. The linear relation fails fainter than Mb0i 
= +4.0 where the steep rise of (f{M) is halted 
and the function, after passing through a maxi- 
mum at Mboi = +5-5, decreases for as far as the 
data can be carried. 

The exact form of the decrease in <p(M) be- 
yond Mbo\ — +5-5 is uncertain due to the un- 
certainty in the value for the limiting magnitude 
of the last plate of Table I. Since mpv = 22.5 is 
likely to be a conservative value (too bright), 
the decrease in <p(M) beyond ikfpv = +5-5 is 
probably even more pronounced than shown in 
Figure 2. The existence of a negative slope to 

Figure 2. The total luminosity function for M3 obtained 
from star counts in the cluster. 

TABLE II. THE LUMINOSITY FUNCTION FOR M3 

-3.8 
-3.6 
-34 
-3.2 
-3-0 
-2.8 
-2.6 
-2.4 
-2.2 
-2.0 
-1.8 
-1.6 
-1.4 
-1.2 
-1.0 
-0.8 
-0.6 
-0.4 
-0.2 
0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1-4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
30 
3-2 
34 
3-6 
3.8 
4.0 
4.2 
44 
4.6 
4.8 
5.0 
5-2 
54 
5.6 
5-8 
6.0 
6.2 
64 
6.6 
6.8 
7.0 
7.2 
74 
7.6 

4 
8 

H 
U 
21 
26 
31 
35 
40 
45 
51 
59 
76 

120 
420 
HS 
in 
101 
101 
in 
131 
157 
183 
223 
270 
326 
402 
481 
586 
708 
871 

1072 
1297 
1567 
1786 
1972 
2138 
2291 
2427 
2523 
2570 
2624 
2618 
2570 
2489 
2355 
2188 
1959 
1726 

? 

i 
5 

13 
27 
44 
65 
91 

122 
157 
197 
242 
293 
352 
428 
548 
968 

1113 
1224 
1325 
1426 
1537 
1668 
1825 
2008 
2231 
2501 
2827 
3229 
3710 
4296 
5004 
5875 
6947 
8244 
9811 

11597 
13569 
15707 
17998 
20425 
22948 
25518 
28142 
30760 
33330 
35819 
38174 
40362 
42321 
44047 

I 

4 
13 
20 
27 
34 
40 
80 

311 
261 
101 

74 
74 
78 
86 
95 

107 
125 
150 
180 
216 
261 
318 
390 
483 
620 
809 

1020 
1300 
1556 
1760 
1940 
2110 
2256 
2376 
2470 
2540 
2580 
2605 
2612 
2586 
2540 
2450 
2335 
2200 
2038 
1840 

4 
U 
37 
64 
98 

138 
218 
529 
790 
891 
965 

1039 
1117 
1203 
1298 
1405 
1530 
1680 
i860 
2076 
2337 
2655 
3045 
3528 
4148 
4957 
5977 
7277 
8833 

10593 
12533 
14643 
16899 
19275 
21745 
24285 
26865 
29470 
32082 
34668 
37208 
39658 
41993 
44193 
46231 
48071 

2 
5 
8 

ii 
H 
U 
20 
24 
28 
32 
35 
39 
43 
47 
51 
55 
60 
64 
69 
75 
81 
89 
98 

no 
130 
159 
188 
226 
272 
325 
390 
465 
555 
647 
793 
940 

1107 
1320 
1580 
1820 
2020 
2180 
2330 
2460 
2550 
2600 
2620 
2594 
2524 
2420 
2268 
2060 
1775 

£ 
2 
7 

15 
26 
40 
57 
77 

101 
129 
161 
196 
235 
278 
325 
376 
431 
491 
555 
624 
699 
780 
869 
967 

1077 
1207 
1366 
1554 
1780 
2052 
2377 
2767 
3232 
3787 
4434 
5227 
6167 
7274 
8594 

10174 
11994 
14014 
16194 
18524 
20984 
23534 
26134 
28754 
31348 
33872 
36292 
38560 
40620 
42395 

* Includes horizontal branch. 
Î Does not include horizontal branch. 

<p{M) fainter than ikfpv = +5.5 is therefore be- 
yond doubt but its quantitative aspects are 
known only to the certainty which can be put 
in the limiting magnitude of PH-385-B. Argu- 
ments in the next section show that the decrease 

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



19
54

A
J 

 5
9.

 .
16

23
 

1954 May THE ASTRONOMICAL JOURNAL 165 

in <p(M) must halt for Jtfpv > +7 and the func- 
tion must rise to a high value at faint absolute 
magnitudes to account for the total mass of M3. 

3. The application of <p(M) to Mj and other 
stellar systems. The data of Table II give the 
luminosity function for a globular cluster to ade- 
quately faint magnitudes so as to include all stars 
which contribute appreciably to the total light. 
Is this (p{M) typical of all aggregates now classed 
as type II objects? The answer to this question 
can only come from a study of certain integral 
properties which may be inferred from a knowl- 
edge of <p(M). Several of these properties are dis- 
cussed in this section. 

Knowledge of <p{M) permits an evaluation of 
the absolute magnitude of the cluster. By defi- 
nition 

Mci = - 2.5 log i; (5) 
3f¿=—00 

where = Mi + 0.2. 
The quantity iQr0AMi<p(Mi) gives the contri- 

bution to the total light from stars in a range of 
magnitude from Mi — 0.1 to Mi + 0.1. The 
summation of the data of Table II by (5) gives 
^pg = “8.09 for M3. The agreement with 
Christie’s measured value, Mv& = —8.42, (mPg 
= 7.21 with m — M = 15.63) is good in view 
of the larger cluster area considered by Christie 
in his measures.3 This independent check of 
Table II indicates that the counting and magni- 
tude errors entering the derivation of <p{M) are 
small. 

From (5) the fraction of the total light con- 
tributed by stars of absolute magnitude Mi and 
brighter may be computed. The results of such 
a computation are given in Table III. 

TABLE III. FRACTIONAL LIGHT FOR STARS AT 
AND BRIGHTER 

Fractional 
Mpv light 
-3.0 .005 

2.6 .047 
2.2 .I24 
1.8 .204 
1.4 -283 
10 -353 
0.6 .416 

—0.2 .492 
+0.2 .654 

0.6 .694 
1.0 .722 
1.4 .748 

+ 1-8 -773 

Fractional 
Mpv light 

+2.2 .799 
2.6 .825 
3- 0 -852 
3.4 .880 
3.8 .908 
4- 2 .934 
4-6 -955 
5.0 .970 
5.4 .982 
5.8 .990 
6.2 .996 

+6.6 .999 

Although the number of stars fainter than 
Mpv = +4 becomes quite large, their contribu- 
tion to the total light is almost negligible due to 

the rapid approach to zero of the weighting 
factor io_0-4Mi for large Mi. Ninety per cent of 
the photovisual light of M3 comes from stars 
brighter than Mpv = +3.8. 

Table III shows that nearly all the light of 
M3 comes from stars brighter than MpV = +5.0. 
This is not true of the contribution to the total 
mass. The mass of an aggregate with a luminosity 
function <p(Li) in which a mass-luminosity law 
STL = f(Li) operates is given by 

E f(Li)<p(Li). (6) 
Li=—00 

Unless the mass is a steep function of L¿, the 
large contributions to the total mass will come 
from the faint stars where the value of <p(Li) is 
large. The mass is a slowly varying function of 
the luminosity as is shown by the empirical mass- 
luminosity law most recently calibrated by Rus- 
sell and Miss Moore.4 Their final results indi- 
cated that f(Li) ocl,1/3-8 which verifies that most 
of the mass comes where the value of <p(M) is 
large. Hence, if some estimate of the mass of M3 
is to be made by non-dynamical methods, an 
estimate of the value of (p(M) for M > +7 
must be had. This is the region where direct 
knowledge of (p(M) for type II is unavailable 
and will be unavailable for many years to come. 
Knowledge of <p(M) fainter than M = +7 is 
available for the solar neighborhood from the 
work of van Rhijn,5 Scares,6 Kuiper,7 Luyten,8 

McCuskey,9 and others. One might therefore 
assume as a first approximation that the <p(M) 
in the solar neighborhood is identical with (p(M) 
in M3 fainter than ikf = +7. This assumption 
has been made in Figure 3 where a fit of the 
van Rhijn luminosity function5 with that of 
M3 is shown. If Figure 3 fainter than +7 is 
adopted and if Kuiper’s calibration of the mass- 
luminosity law is valid,7,10 (6) gives for M3, 
911* = 1.4 X io59TIO. With these assumptions, 
the fraction of the total mass contributed by 
stars of absolute magnitude Mi and brighter is 
given in Table IV. A comparison of Table IV 
with Table III shows the well-known result that 
the total light comes essentially from the bright- 
est stars while the total mass is contributed by 
intrinsically faint stars. Table IV is valid in detail 
only if the assumption made in Figure 3 is true. 

Is the mass 911* = 1.4 X 106 solar masses rea- 
sonable for the total mass of a globular cluster? 
An evaluation of the mass of the globular cluster 
M92 has recently been made by O. C. Wilson 
and Mary F. Coffeen from the dynamical prop- 
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TABLE IV. FRACTIONAL MASS CONTRIBUTED BY STARS Mi 
AND BRIGHTER IN M3. THE VAN RHIJN FUNCTION 

IS ASSUMED FOR M > +7 AS IN FIGURE 3 
Fractional 

MboI mass 
—4.0 .000 
-3.0 .003 
— 2.0 .OIO 
—1.0 .018 

0.0 .027 
1.0 .052 
2.0 .071 
3.0 .IOS 
4-0 .173 
5.0 .262 
6.0 .343 
7-0 -395 
8.0 .460 

Fractional 
MboI mass 

9.O .537 
10.0 .630 
11.0 .729 
12.0 .822 
13.0 .894 
14.0 .945 
15.0 .977 
16.0 .993 
17.0 .998 
18.0 .999 
19.0 I.OOO 

erties of a stellar aggregate assumed to be in 
statistical equilibrium.11 In such an aggregate the 
virial theorem gives a relation between the veloc- 
ity dispersion of the individual system members 
and the total mass. Wilson and Coffeen’s meas- 
urements of the radial velocities of cluster stars 
in M92 give = 3.3 X 105 9flZO. This value is 
rather uncertain since it was difficult for Wilson 
and Coffeen to separate the true velocity disper- 
sion from possible variations in the velocities of 
individual stars themselves. Their data give a 
rather good upper limit to the total mass of M92 
as 7.7 X io59tflO but the true value could be 
considerably lower. If Wilson and Coffeen’s pre- 
ferred value of 9Tl¿ = 3.3 X 105 9110 for M92 is 
correct, the corresponding mass for M3 may 
be computed. Assuming the same mass-to-light 
ratio, the difference in the absolute magnitudes3,12 

of M3 and M92 indicates that M3 is 1.7 times 
more massive than M92, i.e., 901* = 5.6 X io59TCO. 
This dynamical mass is four times the mass 
1.4 X 105 obtained for M3 from the extrapolated 
luminosity function. The data, taken as they 
stand, suggest that <p(M) for M3 is not ade- 
quately represented by the van Rhijn function 
for ikf > +7 since this function predicts too 
small a total mass for the cluster. If confidence 
could be placed in this result, an important con- 
clusion would follow. The van Rhijn function is 
valid for a volume of space in the immediate 
neighborhood of the sun. Since the sun is in or 
near a spiral arm of our galaxy,13 the van Rhijn 
function refers to a mixture of type I (spiral arm) 
and type II population with the type I probably 
dominant. The discrepancy of the dynamical 
mass and extrapolated <p{M) mass by a factor 
of 4, if real, would show that the number of stars 
in a globular-cluster population fainter than 
Mpv = +7 exceeds the number in a mixed popu- 
lation by an appreciable factor. If the mass 
excess were due to the larger number of dwarf 

stars, the star excess (by number) is a factor 10 
or more since the average mass of such dwarf 
stars from +7 to +19 is less than 0.5 9TCO. This 
conclusion is of importance to cosmogonical the- 
ories and therefore effort should be made to 
verify the reality of the discrepancy. At present, 
Wilson and Coffeen’s data argue for its existence 
but the uncertainties in their mass preclude 
assurance. 

To what degree is the <p{M) of M3 typical of 
other systems, such as elliptical nebulae, now 
classed as type II objects? If the luminosity 
functions for globular clusters and for. elliptical 
nebulae were identical, the mass-to-light ratios 
for these two classes of objects should be the 
same. Adopting Wilson and Coffeen’s value for 
the mass of M92, the mass-to-light ratio for M92 

Figure 3. A comparison of the van Rhijn luminosity 
function with that of M3. 

is 2.0 in solar units. The object among the extra- 
galactic nebulae whose mass is best known is 
M31. Although M31 is not an E nebula, Holm- 
berg has shown that the spiral arms of a typical 
Sb system contribute only 10 per cent to the 
total light.14 The remaining 9/10 of the light 
comes from the non-spiral arm population which 
is type II by definition. Furthermore, nearly all 
of the mass is presumably contributed by the 
type II stars in Sb systems. Hence the 9TC/X 
ratio in M31 will simulate closely that of a type 
II system as currently defined. The mass of M31 
is 2 X 1011 solar masses. This is obtained from 
the theory of Wyse and Mayall15 using H. W. 
Babcock’s velocity measurements16 with the 
new apparent distance modulus m — M — 23.9 
by Baade.22 The total apparent photographic 
magnitude of M31 is — 4.33 as determined 
by Holmberg.14 This gives the absolute photo- 
graphic magnitude 4.33 — 23.9 = —19.6. The 
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corresponding mass-to-light ratio averaged over 
the entire system is 30, which is more than 10 
times that for M3. This factor is far outside the 
errors of determination for either object. The 
discrepancy shows that large differences in the 
luminosity functions for globular clusters and E 
nebulae may exist. The point is further empha- 
sized by Oort’s value 200 for the average mass- 
to-light ratio in NGC 3115.17 

A much stronger argument may be advanced 
for showing that globular clusters and elliptical 
nebulae have appreciably different luminosity 
functions. The energy distribution with wave 
length of a system of stars is formed from the 
properly weighted energy-distribution curves for 
each member star. Let e\(Ti) be the energy 
emitted per second per square cm of emitting 
surface for a star at temperature TV For a black 
body, e\ is given by Planck’s function. The total 
energy emitted by star i at temperature 2V per 
second at wave length X is ^TrRih\(Tl)1 where R 
is the radius. Let there be i/V^V) stars of tem- 
perature TV in the stellar system considered. The 
total energy radiated per second by the entire 
aggregate at wave length X will be 

Ex = 4^ E ex(TV)E*VE^(TV). (7) 
i 

If there is a well-defined Hertzsprung-Russell 
diagram for the aggregate, \p(Ti) is uniquely 
related to the luminosity function <p(M) since 
there exists a function / such that Ti = f(M). 
The function / may be and in general is multi- 
valued due to the nature of the sequences in the 
H-R plane. Similarly, the existence of sequences 
in the H-R diagram assures that Ri = g(Ti). 
Hence, for two stellar aggregates composed of 
similar stars, and with the same luminosity func- 
tion and similar sequences in the H-R diagram, 
(7) shows that the energy-distribution curves 
must be similar. Observations by Stebbins and 
Whitford show that this is not the case for globu- 
lar clusters compared with elliptical nebulae.18,19 

The photoelectric measurements of the elliptical 
nebula M32 at six wave lengths, converted from 
differential color measurements to relative inten- 
sities by reference to E. Pettit’s solar energy- 
distribution curvé,20 is shown in Figure 4. Also 
shown in Figure 4 is the mean intensity curve 
for four globular clusters measured by Stebbins 
and Whitford reduced in the same manner. These 
measurements for the clusters M2, M13, M15, 
and M92 were reported by Stebbins in his Dar- 
win Lecture of 1950.19 The difference shown in 
Figure 4 between a typical E nebula and typical 

unobscured globular clusters is striking and can 
be explained by two possibilities. (1) The se- 
quences in the H-R diagrams for E nebulae and 

Figure 4. A comparison of the energy-distribution curves 
for the elliptical nebula M32 and the globular clusters 
M2, M13, M15 and M92. The data are from Stebbins 
and Whitford. 

globular clusters are identical but the distribu- 
tion of stars along these sequences, i.e., yiM), 
differs ; or (2) the H-R diagrams for the two types 
of objects are different. If the second alternative 
is correct, Baade’s identification of the globular- 
cluster population with that of the elliptical 
nebulae and the nucleus of M31 upon his resolu- 
tion of M31 would be thrown open to question.21 

However, Baade’s plates of M31 show resolution 
of the individual globular clusters of M31 into 
stars at the same limiting magnitude for which 
general resolution of the nuclear region occurs.22 

This observation proves that the brightest stars 
in elliptical nebulae have the same absolute mag- 
nitude as the brightest stars in globular clusters. 
But Figure 4 shows that there is an essential 
difference in the stars which contribute appre- 
ciably to the total light in E nebulae and globular 
clusters. At present the solution of the discrep- 
ancy shown in Figure 4 is an open question 
which can only be solved if an H-R diagram for 
an elliptical nebula can be obtained. There is 
hope in this direction since the two Sculptor- 
type systems in Leo23 and one each in Draco and 
Ursa Minor24 found by A. G. Wilson from plates 
taken with the 48-inch Schmidt telescope are all 
in the local group and are close enough to reach 
Tfpv = +2 with the 200-inch Hale telescope. 
Studies of all four of these systems are now under 
way by Baade and others and will provide the 
decision between alternative 1 and 2. To date, 
the existing data favor the first alternative where 
the difference is attributed entirely to the lumi- 
nosity functions. 

4. Summary. The luminosity function for M3, 
obtained in Section 2 to ilTpV = +6.8, permits 
evaluation of the fractional light contributed by 
each magnitude class. For the particular function 
tabulated in Table II, ninety per cent of the total 
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