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ABSTRACT 

Fifty-nine variables were found by Baade over the face of IC 1613 from a series of plates taken with 
the 100-inch reflector from 1929 to 1937. Of these, thirty-seven are definite Cepheids ranging in period 
from 146 days to 2 days, four are probable Cepheids, thirteen are irregular, one is a probable SRc, one is 
an eclipsing binary, and three are of unknown type. 

Photometry depends on a photoelectric sequence of thirty-eight stars measured with the 200-inch re- 
flector in the interval 11.6 < B < 21.7. Magnitudes of 279 secondary standards used for the variables 
have been determined relative to the basic sequence. The values are listed in the Appendix. 

Two interpretations of the period-luminosity relation are given for the Cepheids. The apparent blue 
modulus is (m — M)ab = 24.55 as found from the most recent calibration of the P-L relation. A reddening 
of E(B — F) ~ 0.03 gives the true modulus as {m — Af)0 = 24.43. The integrated absolute magnitude of 
IC 1613 is Mb = -14.45. 

The brightest blue supergiant is star 22A with Mb — — 7.55. The brightest red supergiant is the ir- 
regular red variable V42 with Mb = —6.05, or Mv — —8.0 if B — F is assumed to be 2.0. The largest 
H it region has a linear size of 167 pc. These absolute magnitudes and linear dimensions are much smaller 
than corresponding values in intrinsically brighter late-type galaxies. 

The total extent of the Population II component of IC 1613 is 25'0 by 20'3, or 5600 by 4500 pc. The 
Population I component covers a region only half these dimensions. 

I. INTRODUCTION 

The galaxy IC 1613 [a195o = lh02m16?l, Ô1950 = +1052'29'/; F = 130°, b11 = -61°] 
was discovered by Wolf (1906) with the Bruce 16-inch refractor at Heidelberg. Baade 
(1928), using plates taken with the Bergedorf 40-inch reflector, classified it as a Magel- 
lanic-Cloud-type galaxy. From its resolution into individual stars at 17 mag, 
Baade concluded that the system was a member of the Local Group with a distance 
similar to that of NGC 6822 (Hubble 1925). 

A series of plates was taken by Hubble with the 100-inch reflector from 1929 to 1932, 
after which Baade began his long study of the galaxy with the use of the 60-, 100-, and 
200-inch reflectors. Baade’s extensive results, principally on the variable stars, were 
never published, probably because of his reluctance to leave the problem in the face of 
uncertainties in the magnitude scale. 

Between 1932 and 1955 three separate magnitude systems were carried. The first 
was based on the Scares scales (Scares, Kapteyn, and van Rhijn 1930) in SA 68, as 
extended by Baade to fainter magnitudes by photographic methods (exposure ratios, 
and neutral half-filters). The system was revised in 1939 by Baade’s new work in SA 
68 (Baade 1944), and again in 1955 by photographic transfers to Stebbins, Whitford, 
and Johnson (1950) photoelectric sequence in SA 68, as supplemented by Baum’s un- 
published extension to fainter magnitudes in this area. 

Baade was not satisfied with the magnitude scale even after 1955 because of the very 
shallow slope for his Cepheid period-luminosity (P-L) relation. It seemed desirable to 
check this slope by photoelectric measurements of some of the sequence stars in IC 1613 
directly. At Baade’s request, this direct calibration was begun at the 200-inch in 1958 

* With an Appendix on the adopted magnitude system by A. Sandage, Basil Katern, and Ann Hearn 
Matthews. 
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14 ALLAN SANDAGE Vol. 166 

and was completed in 1963. Thirty-eight stars, measured in the magnitude interval 
11.6 < B < 21.7, formed the basis for transforming all secondary-sequence stars to 
the photoelectric system. The secondary-sequence reduction was made by Basil Katern, 
who used photographic iris photometry for all such stars which had been measured 
earlier by Mrs. Ann Hearn Matthews under Baade’s direction. Details of the magnitude 
system for the thirty-eight photoelectric standards and the 279 secondary-sequence stars 
are given in the Appendix. 

With each sequence calibrated, Baade’s Argelander estimates for each variable were 
transformed to the B system, and all reductions of the light curves were made anew. 
The result of the work is discussed in this paper. 

Baade’s death in 1960 occurred while the new calibration was in progress, and before 
the final P-L relation was available. Baade’s extensive series of plates, his discovery 
of the variables, choice of the sequence stars near each variable, period determination, 
and his intensity estimates form the basis of the present discussion. The photoelectric 
sequence, the reduction to the final magnitude system, and the analysis of the results 
are new. Baade cannot be held responsible for such errors as may yet be present in the 
adopted sequences, or for the necessarily tentative conclusions contained in the re- 
maining sections. 

II. PURPOSE 

Why is IC 1613 so important? This galaxy is the faintest member of the Local Group 
[Mb(total) —14.6] among those which contain Cepheids. It is highly resolved into 
bright OBAF stars, it has well-defined H n regions, and the red supergiants are clearly 
visible. Once its distance modulus is known, the galaxy provides the low-luminosity 
anchor for calibrations of the size of H n regions, the MB of the brightest blue stars, 
and the Mv of the brightest red stars as a function of galaxian luminosity class—cali- 
brations which are first steps in a new determination of the Hubble constant. 

But Baade’s motivations were different. IC 1613 appears to have negligible internal 
absorption (many faint background galaxies appear over the entire face). Furthermore, 
the galactic absorption is small [E{B — V) < 0.03 from data in the Appendix], and its 
gradient over the face of the galaxy must be"small or negligible. This galaxy is, there- 
fore, one of the few members of the Local Group where the shape of the Cepheid P-L 
relation and the intrinsic dispersion about the ridge line are not affected by variations 
of the absorption. The hope of determining this dispersion is the reason Baade took such 
meticulous steps to insure the homogeneity of the magnitude sequences. Although the 
present material is not suited to find this dispersion for reasons discussed in § IV, the 
importance of IC 1613 as a fundamental calibrator remains crucial in the wider context 
of the Hubble constant. The primary purpose of the present work is, then, to obtain the 
distance. 

III. THE VARIABLES 

a) Discovery 

A total of 106 plates of adequate quality were taken with either the 60-inch or the 
100-inch reflector between 1929 and 1937, mostly by Baade, but a few were taken by - 
Hubble, Duncan, and van Maanen. All plates were blue-sensitive, and were exposed 
without filters with exposure times ranging generally between 1 and 2 hours. 

Hubble had blinked early plates of the series and discovered the Cepheids now labeled 
V16 and V18. From the same series, Mayall found variables 2 and 19. Baade blinked 
thirty-four plate pairs from the sample and gave numbers to a total of fifty-seven 
stars, of which numbers 4, 5, 33, and 35 later proved to be nonvariable. Six additional 
stars (V58-V63) were found in later comparisons, giving a total of fifty-nine confirmed 
variables. A discovery record was kept, from which the completeness of the search can 
be estimated by the method of van Gent (1933) (see also Plaut 1964). Analysis led 
Baade to conclude that a total of seventy-one variables may be present to the working 
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limit of excellent 100-inch plates (B = 22.2, cf § Hid), a conclusion which shows that 
the present sample is about 83 percent complete.1 

b) Identification 

The fifty-nine variables are identified in Figure 1 (Plate 1). Also marked are the 
thirty-eight primary photoelectric standards listed in the Appendix. As an aid for future 
work, the sequence stars used for each variable are identified on the large-scale repro- 
ductions of the four quadrants in Figures 2-6 (Plates 2-6). 

Table 1, to be used with Figures 2-6, is a finding directory for the fifty-nine variables 
and their sequences. The type of star is listed in column (2) (5 for Cepheid, SRc for the 
variable V19, RI for red irregular, BI for the one blue irregular V44,1 for intermediate- 
color irregular, and È for the eclipsing variable). Of the fifty-nine stars, thirty- 
seven are definite Cepheids, four are probable Cepheids, twelve are irregular red vari- 
ables, one is a blue irregular, one is an eclipsing variable, one is a semiregular long-period 

TABLE 1 

Directory of the Fifty-nine Variables in IC 1613 

No. Type Quadrant Status No. Type Quadrant Status 
(1) (2) (3) (4) (1) (2) (3) (4) 

1   Ô SE F 
2   ô SW F 
3.  h SE F 
6   b NW F 
7   b NE TBD (7<?1) 
8   ? NE2 TBD 
9   b NE F 

10   b NE F 
11   b NW F 
12   b NE2 F 
13   b NE F 
14   b SE F 
15   b SW F 
16   b NW F 
17   b NW F 
18   b NE F 
19   SRc SW F 
20   ô SE F 
21   RI NE2 F 
22   b NE2 F 
23   RI SE F 
24   ô NW F 
25   b SW F 
26   b SW F 
27   b SW F 
28........ b SW TBD(2<?7?) 
29   b NE F 
30   b NW F 
31   E NE F 
32   RI NE F 

34   b SW F 
35   b NW TBD (3d) 
36   b NW TBD (2<?4) 
37   b SW F 
38   RI NE2 F 
39   b NE2 F 
40   RI NE TBD 
41   ô? NW TBD 
42   RI NW F 
43   RI NE2 F 
44   BI SW F 
45   RI NE F 
46   ô? NW TBD 
47   b SE TBD(29d3) 
48   5? SW TBD (2d666) 
49   b NE TBD (8d84) 
50   RI SW F 
51  ? SW TBD 
52   I NE F 
53   b NE TBD (3d85) 
54   b NE TBD (4d) 
56   RI NE2 F 
57   ô? NW TBD 
58   I? NE TBD 
59   « SW TBD (21?) 
60   « SW TBD (2d) 
61   5 SW TBD (3d99) 
62   & SW TBD (3d) 
63   ? SW TBD 

Noie.—See text for explanations of cols. (2) and (4). 

tabulations were separately kept for plates in two quality groups: {a) excellent to very good and 
(6) average plates. The mean discovery rate was 13.1 variables per pair of quality (a), and 6.7 variables 
per pair of quality (b). Baade notes “this shows how vital it is to have plates taken under the very best 
seeing conditions for finding variables in extragalactic systems of the Local Group. Plates taken under 
average seeing conditions yield only half as many variables as the best plates. This is probably the 
reason that Hubble found only Cepheids with P > 10d in M31, M33, and NGC 6822.” 
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FIG. 1—Identification chart for the 59 variables and 38 primary photoelectric standards. The variable 
star numbers are all preceded by the symbol V. All others have photoelectric magnitudes listed in Table 
A1 of the Appendix. 

Sand age (see page 15) 
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PLATE 2 

Fig. 2. Identification chart for the variables and secondary sequence stars in the NE quadrant of 
IC 1613. Photograph is an enlargement from a 103a-O + GG13 plate taken with the Hale 200-inch 
telescope. 

Sand age (see page 15) 
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PLATE 3 

Fig. 3.—Same as Fig. 2 for additional stars in the NE quadrant 

Sand age (see page 15) 
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PLATE 5 
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PLATE 6 

Fig. 6.—Same as Fig. 2 for the SE quadrant 

Sand age (see page 15) 
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16 ALLAN SAND AGE Vol. 166 

variable, and three are of unknown type. The chart name where each variable and its 
sequence is identified is listed in column (3), and the status of the work is in column (4) 
(F for finished, TBD for to be done). Baade completed preliminary work on some of the 
TBD stars, and his suggested periods are listed. Work was finished on only those variables 
which remained above plate limit at minimum. The TBD stars are generally very faint 
and are not seen during part of their light curve. This restriction causes a bias in the 
P-L plot below P ^ 3 days which, in the presence of intrinsic dispersion, must be ac- 
counted for in determining the distance modulus (§ IV). 

c) Photometry 

Baade made eye estimates of all variables, relative to the sequence stars, by the Ar- 
gelander method (i.e., if the sequence stars are labeled a, b, etc., in order of image size, 
and if the image size of a variable appears to be, say, 0.7 of the way from its sequence 
star a to 6, its brightness is listed as alb). The method proved to be of enormous ad- 
vantage because changes in the magnitude system do not affect the estimates. Reduc- 
tion to magnitudes can be made at any later time when new sequence values are avail- 
able. 

Two independent Argelander estimates of each variable were made on each plate, 
separated by a suitable time interval such that the memory was lost between. Baade 
had reduced his estimates first to the 1937 magnitude system and later to that of 1939. 
I reworked the reduction using the magnitudes adopted in the Appendix, Table A2, but 
the procedure was not straightforward due to the following circumstance. 

Between 1929 and 1934 the telescope mirrors had been coated with silver, freshly 
applied every 6 months. But in early 1935 John Strong successfully deposited aluminum 
coats on both the 60-inch and 100-inch mirrors, causing the ultraviolet transmission 
to increase greatly. This led to an abrupt change in the color system. However, the IC 
1613 plates had been taken without filters, and the increased ultraviolet sensitivity 
had an immediate effect, though it was discovered only after the 1935-1937 plates had 
been reduced and compared with the earlier series. The standard stars are predominantly 
blue, being main-sequence members of IC 1613 brighter than Mb — —2.5. But the 
Cepheids are red. With aluminum-coated mirrors, more ultraviolet light is added to the 
images of the standard stars than to Cepheids, making them brighter relative to Ce- 
pheids; i.e., a color equation exists. What Baade found was: if the adopted magnitudes 
of the standards are kept constant, all Cepheids appeared fainter after 1935 than before 
that date.2 

Because colors of the standards were not known, so that the plates could not be re- 
duced with a color equation in the normal manner, Baade adopted the following pro- 
cedure. Each sequence was estimated internally relative to itself (e.g., star b of the se- 
quence was estimated relative to stars a and c, such as, say, b = a6c; c was estimated 
relative to b and d, such as c = bM; etc., down the line). This was done for both the 
aluminum and the silver systems. By adopting a zero-point magnitude for the endpoint 
star a and the faintest star, it was possible to find smoothed magnitudes for the other 
sequence members, on the color system of the plates. These magnitudes, of course, differed 
between the aluminum and silver systems by the (unknown) color equation. They also 
differed in an absolute sense because the endpoint stars (the brightest and faintest) 
themselves have a color equation relative to the Cepheids. Hence, final zero-point ad- 
justments were made for each Cepheid separately by forcing the segments of its own 
light curves to coincide for the two intervals from 1929 to 1934 and from 1935 to 1937. 

1 encountered the same difficulties in the new magnitude system of the Appendix. 
I proceeded in the same way, using Baade’s individual “homogenization” equations 
(i.e., b = anc, c = bmd, d = cqe, etc., where n, m, q, etc., are the observed size ratios) 

2 Plates taken after 1937 were “corrected to the silver system” by adding a minus UV filter (Schott 
WG2), but this did not alleviate the problem between 1935 and 1937. 
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for each sequence for both the silver and aluminum series, and adopting the endpoint 
magnitudes for the brightest and faintest star as in the Appendix. The additional 
proviso was made that the derived magnitudes for stars b, c, d, . . . , on the silver system 
should agree in the mean with those in the Appendix. This provides a check and a 
smoothing of Baade’s homogenization equations because silver mirrors with blue plates 
without filter closely imitate the B photometric system of Table A2 (Appendix). 

Comparison between the “silver” and “aluminum” light curves then provided zero- 
point adjustments to the final silver system which was adopted as the best approxima- 
tion to B. It is, however, expected that a small color equation still exists, depending in 
each case on (1) the difference in color index between the sequence star and the Cepheid 
and (2) the exact difference in effective wavelength between a bare silver mirror with 
103a-O plates and the B photoelectric system. Although small, the effect must be con- 
sidered in a future extension of the present work when colors of the Cepheids are de- 
rived, if B values of this paper are used. 

A second method was used to check all values. Baade had listed the reductions (cor- 
rected to the silver system) of all variables to his 1939 magnitude system. There were 
also tables of his 1939 silver magnitudes for all sequence stars. Comparison of these 
with the B values of Table A1 (Appendix) gave a mean correction curve wPg(1939) — 
B = /[w(1939)] from which the 1939 magnitudes could be reduced to the new photo- 
electric system.3 Katern undertook this parallel mean reduction of the Cepheids. The 
results are not tabulated since they suffer in principle from the uncertainty mentioned 
in footnote 3, but the agreement with the more detailed reduction is satisfactory in 
the mean. 

Final adopted magnitudes of the Cepheids are listed in Table 2. This table lists 
phases of the variables calculated by using the epoch of maximum and the period 
listed later in Table 6. All dates are Julian Day reduced to Greenwich Mean Time, but 
not to the Sun because the periods of the variables are long compared with the light- 
time across the Earth’s orbit. 

d) The Cepheids 

Light curves for twenty-four of the Cepheids are shown in Figures 7 and 8, displayed 
in order of period. To test if errors remain between the silver and aluminum systems, 
different symbols have been used: open circles are the silver system (1929-1934); 
filled circles are aluminum points (1935-1937) reduced to the silver system. The lack of 
systematic error appears to be quite satisfactory. 

With the exception of a few Cepheids, the scatter in the light curves is close to that 
expected from the estimated probable error of ±0.10 mag for a single entry in Table 2. 
This error was estimated from comparison of (1) the first and second estimates of in- 
tensity and (2) scatter in estimated magnitudes for several stars carried as variables 
but later shown to be constant. 

Of the Cepheids, only V22 (P = MóídS) and one other needs special mention. V22 
has an unusually long period and is the only Cepheid which does not repeat well. How- 
ever, its period has remained constant over the observing interval, comprising 18 cycles, 
as shown by the lack of systematic trend in the observed minus computed epoch of 
maximum for ten well-observed maxima The period of 146 days is abnormally long for 
a Cepheid. Known Cepheids with periods greater than 100 davs include HV 1956 
(P = 210d) and HV 821 (P = 127d) in the Small Magellanic Cloud, HV 2447 (P = 
118d) and HV 883 (P = 134d) in the Large Magellanic Cloud, and H42 in M31 (P = 
I76d7, Baade and Swope 1965). V22 in IC 1613 is the Cepheid with the third longest 

3 The disadvantage of the method was that Baade’s (1939) for the sequence stars were based on his 
first attempt to tie all sequence stars together (by overlapping 100-inch plates taken with the 84-inch 
diaphragm to minimize coma effects). Baade later rehomogenized the sequence stars in 1955 by using Mrs 
Matthews’s measurements of 200-inch plates; the new material is the basis for Table A2, hence the new 
reduction is preferred. 
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PHASE 

Fig. 7 —Blue light curves for Cepheids arranged in order of period. Data are from Table 2. 

period known. That the star is undoubtedly a Cepheid follows from the shape of the 
light curve and from classification of a spectrum taken by Baade with the 100-inch (14 
hours exposure) during a maximum in 1941 September (wPg = 17.5). Baade comments 
on the spectrum: “Joy classified the type as cK2 by the following arguments, (1) Ca i 
X4226 is strong. This line does not occur [in such strength] earlier than KO. (2) [The 
high luminosity lines of] Sr il X4215, X4077 are present. (3) Joy states that H and K 
are somewhat sharper than expected, which is consistent with the high luminosity. 
Humason classified the spectrum as F5 to GO from the strength of the hydrogen lines 
and the H and K lines only. His early spectral type is consistent with Joy’s later type 
since it is well known that hydrogen lines have abnormal strength in Cepheids of Type I. 
Adams and Joy (1918) stated many years ago that at maximum light the spectral class 
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of a Cepheid is on the average 8 spectral subdivisions earlier when classified from hy- 
drogen lines than from general metal lines.,, This description shows that the spectrum 
of V22 is similar to that of other Cepheids of shorter period, and that there should be 
no hesitation in assigning it to the Cepheid class. 

The only other abnormal variable is V39, which Baade did not classify as a Cepheid 
for two reasons: (a) The shape of the light curve is quite unusual, as shown in Figure 9. 
The rise to maximum and fall to a first minimum is symmetrical about the phase ±0.2. 
Centered at phase 0.5 is a second lower maximum. The light curve can be described as 
an inverted ß Lyrae eclipsing variable, and appears to be unique among Cepheids. Be- 
cause of the peculiar light curve, various attempts have been made to disprove the 
period. Harold Weaver, working with Baade on other problems sometime after 1940, 
obtained a period of 28Í687 after many trials at other periods. Baade himself obtained 
P = 28d7l from the material from 1932 to 1937. G. A. Tammann recently reworked the 
problem and obtained what is here adopted as P = 28d720. There appears to be no 

Fig. 9.—Light curve for the peculiar regular variable V39. The star is considered to be a Cepheid in 
the text, but was not so considered by Baade. It lies high in the P-L relation. 
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possibility that this period is spurious because of the dense distribution of plates, es- 
pecially in 1935. (b) Baade’s second reason was that V39 falls 0.9 mag brighter than the 
apparent P-L relation for the twenty-four other Cepheids. Baade’s interpretation was 
that the P-L relation has only a very small intrinsic scatter about the ridge line (a 
0.15 mag), and because V39 differed by 6 <7 from this line the variable was not considered 
to be a Cepheid, despite the high regularity of its period and light curve. A new inter- 
pretation of the data is discussed in § IV. 

The only other point to be mentioned concerns the Hertzsprung (1926) relation be- 
tween light-curve shapes and period. Hertzsprung first noticed that if light curves of 
Cepheids are ordered by period, a systematic perturbation occurs on an otherwise 
smooth curve in the period interval from 6 to 16 days. At the short-period limit, a hump 
appears on the descending part of the curve, just prior to minimum light. The hump 
progressively moves toward the maximum as the period increases, producing double 
maxima near 9 days, then a single-peaked maximum near 10 days, moving through the 
maximum phase to appear on the ascending branch for periods between 10 and 16 days. 
For longer-period stars such as RU Set (P = WTO), SW Vel (P = 23d47), X Pup 
(P = 25d96), and U Cen (P = 38d76) the hump again appears on the descending branch 
but with less prominence than for stars with periods between 6 and 9 days. The phenome- 
non is general, occurring among Cepheids in M31 (cf., e.g., Baade and Swope 1963, 
1965), the SMC (cf. Gaposchkin and Gaposchkin 1966), and the LMC (Mohr 1938). 
A convincing theoretical explanation has been given by Christy (1970) in terms of a 
reflection by the core of accelerations originating in the helium-ionization zone. The 
reflected pulse, upon reaching the surface after traveling entirely through the star, 
appears at various phases in the light curve depending on the travel time. 

The Hertzsprung phenomenon appears only weakly in Figures 7 and 8, principally 
because the critical period range is not well represented. However, the double maximum 
near 9 days is clearly visible in V25 (P = 9d21) and V6 (P = 9d43), with some indica- 
tion of a perturbation near maximum for V34 (P = 8d47) and V16 (P = 10d43), and a 
moderately definite indication of a hump on the ascending branch for V37 (P = 12d41) 
and V18 (P = 16d43). 

The final remarks on Figures 7 and 8 concern the limiting magnitude of the 100- 
inch telescope during these prewar years when the Los Angeles valley was relatively 
dark. The working limit appears to be B 22.2 as shown for V3 of Figure 8. The actual 
limit for detectability was somewhat fainter, perhaps at B = 22.5. We earlier deter- 
mined that the limit of the Mount Wilson 60-inch was B ~ 21.5 before 1950 (Tammann 
and Sandage 1968), which is in essential agreement with 22.5 for the 100-inch, 
when one considers the ratio of the apertures, at the same focal ratio of f/5 for both 
telescopes. 

e) Irregular Variables 

Eleven irregular variables are listed in Table 1. Of these, eight are very red and are 
undoubtedly similar to those found in the h and x Per association. Similar red variables 
are found in M31 (Baade and Swope 1963, 1965), M33 (Humason and Sandage, un- 
published), NGC 6822 (Kayser 1967), and NGC 2403 (Tammann and Sandage 1968). 
Of the other three variables, V21 and V42 are of intermediate color and V44 is very 
blue, perhaps of the type discussed by Hubble and Sandage (1953) in M31 and M33, 
but much fainter intrinsically. 

The final column of Table 2 lists B magnitudes for the unusual irregular V42. Table 3 
lists individual magnitudes from 1929 to 1942 for V23, V32, V43, V44, V45, and V56. 
These, together with V52 (which was seen only in the 1935-1936 season, rising above 
plate limit to B = 21.5), are illustrated in Figure 10. Variations on a scale of 100 days 
are evident for the red stars, and the longer-term variation on a scale of several years 
characterizes the blue irregular V44. 
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TABLE 3 

B Magnitudes of Non-Cepheids 

2,420,000 

5830 
6212 
6269 
6306 
6595 
6620 
6689 
6925 
6956 
6958 
6960 
6988 
7010 
7040 
7066 
7278 
7312 
7340 
7360 
7395. 
7418 
7450 

>7662 
7688 
7690 
7692 
7720 
7725 
7750 
7790 
7810 
8020 
8048 
8073 
8370 
8408 
8432 
8485 
8516 
8783 
9200 
9530 
9550 
9850 
9880 
9900 
9920 
9980 

30320 

V23 V32 
19.99 19.13 
20.05   
19.83 19.35 
19.99   
19.72   
20.14 19.60 
19.77   
20.14 19.53 
  19.51 
  19.61 
20.29 19.74 
20.56 19.77 
20.80 19.79 
20.84 19.80 
20.85 19.80 
20.10 19.01 
20.08 19.14 
20.08 19.52 
20.10 19.68 
20.38 19.74 
20.43 19.77 
20.45 19.77 
20.21 19.81 
  19.77 
20.04   
  19.91 
..... 19.77 
20.01 19.85 
20.04 19.85 

20.47 19.73 
20.04 19.50 
20.00 19.61 
19.92 19.63 
20.13 19.91 
20.47 19.94 
20.38 19.99 
20.05 20.05 

20.45 19.99 
20.01 19.77 
20.28 19.62 

V43 V44 
19.44 20.58 
19.02 20.68 
19.44 20.77 
19.51 20.68 
19.71   
19.86 20.65 

19.71 20.54 
19.75   

  20.61 
19.68 20.68 
19.60 20.68 
19.70 20.62 
  20.73 
  20.73 
19.45 20.62 
19.26 20.73 
19.18 20.66 
19.65 20.65 
19.70 20.56 
19.99 20.51 
19.81 20.11 
19.58   
  20.11 
19.67   
19.86   
  20.09 
19.83 20.03 
  20.09 
19.71   
19.77 20.01 
19.83 19.98 
19.84 20.02 
19.77 20.04 
  19.94 
19.73 20.06 
19.71 20.08 
19.74 20.24 
19.74 20.32 
19.76 20.33 

V45 V56 
19.70 19.40 
19.75 19.28 
19.77 19.28 
19.76 19.28 
  19.17 
19.93 19.12 
  19.40 
19.94 19.37 

  19.30 
20.25   
19.89 19.28 
20.13 19.37 
20.08 19.28 
19.92 19.48 
19.77 19.10 
19.77 19.14 
19.94 19.28 
19.93 19.38 
19.80 19.40 
19.77 19.40 
19.77 19.40 
20.13 18.90 
20.12 19.38 
  19.25 
20.08   
19.88 19.18 

19.85 19.30 

19.80 19.45 
20.20 19.50 
20.20 19.68 
20.34 19.60 
19.61 19.40 
19.65 19.70 
19.84 19.45 

19.84 19.32 
20.41   
19.80   
20.01   

20.43 
20.70 
20.16 
20.11 
19.98 
20.32 

Four stars not illustrated have the following characteristics: 
V2L—Intermediate color and small amplitude. From 1929 to 1937 the star varied 

from B = 19.60 to £ = 20.34. The largest variations occurred between 1929 and 1932, 
after which the star remained relatively constant to within ±0.2 mag 20.0. 

V38.—Very red. Optical double. The variable is the eastern component. From 1933 
to 1937 the star was very nearly constant at 5 = 19.2. The greatest variability occurred 
in 1931 and 1932^ when the star reached B = 18.6 in one burst in 1932, and with less 
certainty B c^. 18.5 in 1931. At faintest minimum, the star was B = 19.6, which occurred 
in 1933. This star is one of the brightest red variables in the galaxy, reaching Mb = 
—6.0 at maximum (or My — —8.0 if a color of 2.0 is assumed). 

V42.—Intermediate color. Rapid changes of 0.6 mag in intervals of 3 days. Especially 
rapid changes of this type were observed in 1934, 1935, and 1937. The star was con- 
sidered to be possibly periodic (Pc^80d?), but no satisfactory analysis has been 
achieved. It is one of the brightest stars in the galaxy at maximum light {B 18.5, 
Mb = -6.0). 
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Fig. 10.—Light curves for seven irregular variables, for the eclipsing binary, and for the semiregular 
red star V19. Data are from Tables 3 and 5. Only data from 1929 to 1937 are plotted for V19, where the 
symbols X,#, 0,-b,D, £>,A, and are used in succession for the nine years. 

V50.—Reddish color but not extreme. Slow variation of small amplitude, ranging 
from B = 20.45 to J3 = 20.93 in a sinusoidal fashion from 1930 to 1937. Its “period” is 
^2600 days. 

Table 4 summarizes the characteristics of the irregular variables. The final column 
lists absolute magnitudes at maximum light, if an apparent blue modulus of (m — 
M)ab = 24.55 (§ IV) is assumed. 

/) The Semiregular Variable V19 

The light curve for V19 is shown in Figure 10 as plotted from the data listed in 
Table 5. The variable presents problems in classification. The period is moderately 
regular, as shown by the well-defined light curve plotted from 11 cycles covered between 
1929 and 1946. The light curve does not repeat perfectly from cycle to cycle, but the 
period appears to be relatively stable. For example, the star rose toward maximum more 
rapidly and fell toward minimum more slowly during the 1939-1940 season than in 
other cycles, artificially giving the appearance of a flat top to Figure 10. 

The amplitude of only Ab — 2.2 mag is too small for a normal Mira according to the 
standard definition (cf. Kukarkin et al. 1957), but the period may be too regular for the 
object to be classed as a semiregular variable. We are forced, however, to an SRc classifi- 
cation because of the absolute magnitude. If V19 is in IC 1613, its absolute magnitude 
at maximum is —6.0, which is far brighter than any Mira (Merrill and Wilson 
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TABLE 4 

Summary of IRR Variables 

No. B(max) .B(min) Ab Color M5(max) 

21. 
23. 
32. 
38. 
42. 
43. 
44. 
45. 
50. 
52. 
56. 

19.60 
19.72 
19.00 
18.6 
18.5 
19.02 
20.00 
19.60 
20.45 
21.4 
18.90 

20.34 
20.85 
20.05 
19.6 
19.8 
19.99 
20.78 
20.40 
20.93 

>22 
19.70 

0.74 
1,13 
1.05 
1.0 
1.3 
0.97 
0.78 
0.80 
0.48 

>0.8 
0.80 

INT 
R 
VR 
VR 
I 
VR 
VB 
VR 
I-R 
? 
VR 

-4.95 
-4.83 
-5.55 
-5.95 
-6.05 
-5.53 
-4.55 
-4.95 
-4.10 
-3.15 
-5.65 

TABLE 5 

Photometry of the Semi-Regular V19 

JD 
2,400,000+ £ Phase 

JD 
2,400,000 Phase 

25,830 
26,212 

269 
305 
595 
620 
689 
927 
959 
986 

27,009 
039 
065 
278 
312 
339 
365 
393 
418 
451 

0.175 
0.031 
0.159 
0.240 
0.890 
0.946 
0.101 
0.635 
0.706 
0.767 
0.818 
0.886 
0.944 
0.422 
0.498 
0.558 
0.617 
0.679 
0.735 
0.809 

19.38 
18.87 
19.65 
20.65 
19.05 
18.84 
19.37 
20.83 
20.58 
20.15 
19.63 
18.98 
18.79 
20.66 
20.69 
20.81 
20.58 
20.47 
20.00 
19.15 

27,661 
685 
691 
721 
749 
810 

28,019 
048 
071 
075 
080 
367 
407 
432 
484 
516 
782 
786 
787 
193 

0.280 
0.334 
0.348 
0.415 
0.478 
0.614 
0.083 
0.148 
0.199 
0.208 
0.220 
0.863 
0.953 
0.009 
0.126 
0.197 
0.794 
0.803 
0.805 
0.715 

20.65 
20.73 
20.54 
20.57 
20.57 
20.65 
18.76 
19.13 
19.93 
20.07 
20.12 
18.70 
18.58 
18.85 
18.77 
19.13 
18.80 
18.73 
18.47 
18.74 

29,194 
197 
552 
612 
848 
871 
903 
933 
969 

30,226 
236 
259 
322 
613 
641 
672 
705 
727 

32,031 

.718 

.725 

.520 

.656 

.185 

.235 

.308 

.376 

.455 

.031 

.054 

.105 

.246 

.899 

.962 

.031 

.105 

.155 

.078 

18.65 
18.63 
19.98 
18.87 
18.60 
18.89 
19.61 
19.96 
20.01 
18.54 
18.09 
18.49 
19.05 
18.26 
18.22 
18.37 
18.68 
18.39 
18.47 

Phase computed from Max at JD 2427090 + 446^11 

1942; Osvalds and Risley 1961; Smak 1966). That it is not a foreground Mira or an 
ordinary giant SRa or SRb (Mv— —1) follows from its faintness at £(max) = 18.6, 
which would place it at intergalactic distances (i.e., m — M 19.6). We therefore be- 
lieve that V19 belongs to IC 1613^ and that the best classification is an abnormally 
regular example of the supergiant ^SRc class whose members include ju Cep, a Ori, a 
Sco, and RW Cyg, all of which are of exceeding high luminosity (usually luminosity 
class la). 

g) The Eclipsing Variable and a Nova 

Figure 10 shows the light curve for V31, which is a typical eclipsing binary of the 
Algol type with a definite secondary minimum at phase 0.5. The star is very blue, and 
has a period of 3^77. The magnitudes are B = 20.15 at maximum, 20.90 at primary 
minimum, and 20.42 at secondary minimum. 

One nova was found by Baade with the 200-inch in 1954 November. The position is 
marked in Figures 1 and 2. The nova had an extremely rapid rise. It was invisible on a 
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200-inch plate taken 1954 November 21, but was present on three plates taken 24 hours 
later at £ ~ 17.5. No further plates of IC 1613 were taken during that season, and the 
star was not see again. With {m — M)ab = 24.55, the absolute magnitude was MB = 
— 7.0 on November 21. Very likely the nova was caught before its maximum. 

IV. PERIOD-LUMINOSITY RELATION AND THE DISTANCE 

Table 6 lists elements for the twenty-five Cepheids shown in Figures 7, 8, and 9. 
The periods in column (3) are as derived by Baade. Column-(4) gives the error of these 
periods (in units of 10~5 days) derived by finding the limits of period change which would 
cause detectable phase spreading in the plotted light curves. The intensity mean (B) 
in the penultimate column was found by converting the light curves to intensity units, 
planimetering, and converting back to magnitudes. The P-L relation can be discussed 
from these data. 

a) Baade’s Interpretation 

Figure 11 shows the P-L relation without V39, as plotted from the data in Table 6. 
A least-squares line gives {B) = —1.518 log P + 22.422 which is shown as the heavy 
ridge line in Figure 11. The scatter from this line, read as a magnitude residual, gives 
a{M) = 0.158 mag. The two boundary lines in the diagram are drawn at ±2 <r = 
± 0.32 mag. For a normal distribution, 95 percent of the sample should be enclosed with- 
in these boundaries, and this is the case. 

Two points concerning this solution are very disturbing: (1) the slope of the P-L 
relation is exceedingly small compared with the relation in other galaxies; (2) the dis- 
persion is smaller by a factor of 2 than is required by available data on the width of the 
instability strip for Cepheids in the H-R diagram for all other galaxies in the Local 
Group. Both points are serious, as shown by the following preponderance of evidence 
to the contrary. 

TABLE 6 

Elements of 25 Cepheids and One Eclipser in IC 1613 

JD 2,420,000+ P(days) Ed
x10f log P B (MAX) B (MIN) B(MED) (B) 

7,931.28 
7,391.11 
8,049.88 
7,718.77 
8,073.59 

5959210 
23.4611 
3.96789 
9 43048 
5 57738 

±28 
170 

21 
19 
37 

0.748 
1.370 
0.599 
0.974 
0.746 

20.45 
19.20 
20.94 
20.40 
20.94 

21.55 
20.98 
22.00 
21.56 
21 66 

21.00 
20.09 
21.47 
20.98 
21.30 

21.12 
20.30 
21.61 
21.04 
21.37 

1.14 
1.78 
1.06 
1.16 
0.72 

7,723.80 
7,807.01 
7,689.83 
8,017.00 
8,016.97 

4 06529 
25.7719 
4.28604 
4.84448 
5.14450 

16 
250 

22 
10 
18 

0.609 
1.411 
0.632 
0.685 
0.711 

20.60 
19.74 
20.92 
20.76 
20.70 

21.50 
21.20 
21.86 
21.78 
21.48 

21.05 
20.47 
21.39 
21.27 
21.09 

21.31 
20.47 
21.63 
21.37 
21.15 

0.90 
1 46 
0.94 
1.02 
0.78 

7,311.963 
7,370.03 
8,067.631 
7,361.98 
7,279.84 

4.22744 
10.43584 
5.73687 

16.4353 
41.953 

13 
39 
18 

200 
500 

0.626 
1.019 
0.759 
1.216 
1.622 

20.66 
20.26 
20.56 
20.26 
18.98 

21.60 
21.20 
21.66 
21.32 
20.64 

21.13 
20.73 
21.11 
20.79 
19.81 

21.33 
20.66 
21.21 
20.89 
19.86 

0.94 
0.94 
1.10 
1.06 
1.66 

8,058.3 
7,752 68 
7,393.358 
7,689.50 
8,044.65 

146.35 
6.74350 
9.2112 
5.81614 
6.66043 

23000 
19 
20 

7 
48 

2.166 
0.829 
0 960 
0.765 
0.820 

17 74 
20.53 
20.10 
20.98 
20.56 

20.40 
21.50 
21.44 
21.84 
21.62 

19.07 
21.01 
20.77 
21.41 
21.09 

19 07 
21.08 
20/.67 
21.49 
21.16 

2.66 
0.97 
1.34 
0.86 
1.06 

8,017.957 
7,660.93 
8,078.796 
7,662.14 
6,926.00 

2.869059 
4.26963 
8.47833 

12.4140 
28.720 

2 
22 
4 

330 

0.458 
0.630 
0.928 
1.084 
1.458 

21.21 
21.10 
20.52 
20.38 
18.60 

21.94 
21.90 
21.60 
21.31 
19.90 

21.58 
21.50 
21.06 
20.85 
19.25 

21.76 
21.64 
21.12 
20.87 

0.73 
0.80 
1.08 
0.93 
1.30 

31 8,049.935 3.77471 0.577 20.10 20.90 0.80 

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



No. 1, 1971 LOCAL-GROUP GALAXY IC 1613 29 

Fig. 11.—Baade's interpretation of the P-L relation from data in Table 6. Variable 39 is excluded, and 
the bias caused by the absence of known Cepheids that disappear below plate limit at minimum is ne- 
glected. Least-squares equation of the ridge line is B = —1.518 log P + 22.42. 

1. The slope of the P-L relation is well determined to be near —3.00 in the Magellanic 
Clouds. The data of Woolley et al. (1962) gave d{B)/d log P = —2.85. The result was 
confirmed by Gascoigne and Kron (1965), and more recently by Gascoigne (1969).4 

Arguments were presented by Sandage and Tammann (1968, Figs. 1 and 4) that the 
slope of the P-L relation for Cepheids in LMC, SMC, M31, and NGC 6822 is the 
same, and that in the linear part of the P-L relation its value is close to d(B)/d log P = 
—2.85. In view of these extensive data, the very small slope of —1.5 for IC 1613 in 
Figure 11 would be most disturbing because it would be the first evidence for a signifi- 
cant difference in the intrinsic properties of Cepheids in different galaxies. 

2. The intrinsic width of the P-L relation is a result of the finite width of the in- 
stability strip in the H-R diagram (Sandage 1958). The available data from our own and 
other galaxies shows that the composite P-L relation has a rather well-defined intrinsic 
width of AB = +0.60 mag (Sandage and Tammann 1968) for members of the Local 
Group. This requires (cf. eq. [5] of Sandage and Tammann 1968) that the total width 
of the H-R strip be A(B — F) = AM^/3.52 = 0.34 mag, which is close to what is ob- 
served (cf. Dickens and Carey 1967, Fig. 8; Christy 1970, Fig. 11). But the intrinsic 
spread of the P-L relation for fC 1613 is only ± 2 o' = ± 0.32 mag, which is anomalously 
small by a factor of 2. 

If these differences between IC 1613 and other galaxies are real, then the base upon 
which distance determinations to galaxies are made becomes suspect, because if dif- 
ferences exist among Cepheids, they may exist among other indicators (brightest stars 
and sizes of H 11 regions). However, an alternative explanation of Figure 11 appears 
possible. 

b) Alternative Interpretation and the Distance 

Figure 12 shows the data of Figure 11 and Table 6, together with the added variable 
V39 (Fig. 9). Superposed are the boundary lines of the P-L relation previously established 
from other galaxies of the Local Group (Sandage and Tammann 1968, Table Al) as 
later revised by 0.05 mag (Sandage and Tammann 1969). The upper panel shows 
the data at maximum light; the lower, at mean light. The fit has been made so that no 
stars exist outside the boundary lines in (B), and equal deviations exist above and 
below the lines in B(max). 

Known observational selection effects explain at least part of the nonuniform filling 

4 The earlier contrary result of Arp (1960) in the SMC that d{B)/d log P ^ —2.25 is discussed by 
Gascoigne and Kron (1965), by Gascoigne (1969), and by Andrews working at Pretoria, and is attrib- 
uted to a scale error in Arp's magnitudes fainter than V ^ 14. 
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Fig. 12.—Preferred interpretation of the P-L relation. Boundary lines are from the calibration of 
Sandage and Tammann (1968) as derived from galaxies in the Local Group and later modified by 0.05 
mag brighter (Sandage and Tammann 1969). 

of the boundaries in Figure 12. (1) Baade studied only those variables which were above 
plate limit at all phases. Many fainter variables are known in the period interval from 
2 to 9 days (V7, 28, 35, 36, 47, 48, 49, 53, 54, 59, 60, 61, and 62; see Table 1). When 
the light curves are eventually obtained, these stars will appear in the fainter regions 
of Figure 12 in the interval 0.95 > log P > 0.3. (2) It is known (Sandage and Tam- 
mann 1971) that Cepheids in this period range have maximum amplitudes at the blue 
edge of the instability strip, monotonically decreasing toward the red. By a well-known 
argument, the blue edge of the strip maps into the upper envelope line of Figure 12; 
the red edge, into the lower. Hence, the probability of discovery of the faintest Cepheids 
decreases as one proceeds from left to right in Figure 12 near 21.8, and this 
adds to the bias. 

Although reasonable at the faint end, these two effects do not explain the lack of 
bright stars near the upper envelope for log P > 1.2 in Figure 12. However, the number 
of stars is so small that small-sample statistics may be involved. An important test of 
the correctness of the fitting procedure in Figure 12 would be to correlate colors with 
magnitude deviations from the P-L ridge line. Comparison with the well-defined cor- 
relations which exist for Cepheids in the LMC, the SMC, and the Galaxy (Sandage and 
Tammann 1968, 1969) should be decisive for a choice between the fit of Figure 11 and 
the fit of Figure 12. Colors are not now available, and the problem remains to be in- 
vestigated. 

The present decision has been to accept Figure 12 as more reasonable than Figure 
11, and to adopt the mean apparent blue modulus as (m — M)ab — 24.55. The redden- 
ing is E(B — F) = 0.03 mag (Sandage 1962, Table 1; and the Appendix here), giving 
(m — M)o = 24.43 as the true modulus. The total integrated luminosity is then Mb — 
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— 14.45 which follows from Holmberg’s (1950) measurement of wpg(total) = 10.00 
which transforms to £ = 10.10. 

V. BRIGHTEST BLUE AND RED STARS 

The absolute magnitude of the brightest stars in galaxies is a function of integrated 
galaxian luminosity. The data in IC 1613 are important in calibrating this relation at 
the faint end (Sandage and Tammann 1971). 

The brightest star that can definitely be assigned to IC 1613 is the comparison star 
22A, marked on the NE2 identification chart of Figure 3 (Plate 3). The star is extremely 
blue, and is undoubtedly a member of the galaxy. The magnitude and color, listed in 
Table A2 of the Appendix, are ^ = 17.00, J5 — V = —0.15. Using the apparent modulus 
of (m — M)ab = 24.55 gives Mb = —7.55. This is considerably fainter than the bright- 
est stars of more luminous galaxies, such as M33 where the brightest blue stars reach 
Mb — —9.5, or M101 where they are brighter than MB ^ —10.0. Star 22A is near the 
center of an ill-defined H n region later marked as number 19. The star occurs with 
several other bright blue stars and with the longest-period Cepheid (V22). These form 
a small association of about 15" in diameter (52 pc at a true modulus of (m — M)0 = 
24.43). A more prominent association containing stars which are almost as bright is 
centered on the well-developed H n region later called number 10 ( § VI). This associa- 
tion is also about 50 pc in diameter. 

The brightest red stars have been found by blinking a matched pair of 200-inch 
103a-O and 103a-D plates. Many of these are variable, and the brightest of these are 
listed in Table 4. The variable V42 at i?(max) = 18.5 is followed closely in brightness 
by V38 with J5(max) = 18.6, V56 with £(max) = 18.9, and V43 with £(max) = 19.0, 
corresponding to absolute magnitudes MB between —6.05 and —5.53. Visual magni- 
tudes have not yet been measured, but provisional colors oî B — F +2.0 put Mv = 
— 8.05 for the absolute magnitude of the brightest red supergiants. This agrees well 
with Mv values for the brightest red stars in other galaxies (Tammann and Sandage 
1968). Curiously, the brightest luminosity for red supergiants appears to be independent 
of total luminosity of the parent galaxy, in contrast to the situation for brightest blue 
stars. A more complete discussion is given elsewhere (Sandage and Tammann 1971). 

VI. LINEAR SIZES OF THE H II REGIONS 

Nineteen H n regions are marked in Figure 13 (Plate 7), which is from a 200-inch plate 
taken by Baade on Eastman 103a-E + RG1 filter. IC 1613 has very few H n regions; and 
of the nineteen marked, all but three are concentrated in the northeast sector of the 
galaxy. Most have low surface brightness, although numbers 8,11, and 19 are exceptions. 
These are small. Number 8 has a major diameter of 5''4 (d = 20 pc), while number 11 
is only 2" in diameter (d = 7 pc). The radial velocity of the galaxy was determined by 
Humason from spectra of number 8. 

The intricate pattern of overlapping regions in the northeast quadrant is shown in 
the enlargement of Figure 14 (Plate 8). Region 10 appears as a classical Strömgren sphere 
which contains several of the brightest blue stars in the galaxy near its center. 

Only regions 10, 3, 14, and the ring region number 1 are well enough defined among 
the larger regions to give useful angular diameters. The linear dimensions, are: d = 44''6 
(167 pc) for number 10; d = 34'iO (127 pc) for number 3; d = W'A (72 pc) for 14, and 
d = 15''7 (59 pc) for number 1 according to the measurements by Baade. These dimen- 
sions are much smaller than the largest H n regions in brighter galaxies such as NGC 
604 in M33, 30 Dor in the LMC, and the regions in NGC 2403. The linear size of the 
largest H n regions in Sc, Sd, and Sm galaxies appears to be a steep function of galaxian 
absolute magnitude. 

Besides the extended H n regions, Baade began a search for unresolved “stellar” 
nebulosities. Two were found by blinking the 103a-E + RG1 plate with a 103a-D + 
GG11 plate, and are marked as objects A and B in Figure 13. 
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VII. ANGULAR EXTENT OF THE GALAXY 

Baade took a series of deep red plates to search for the extent of the background 
sheet of Population II stars, which begins suddently to resolve into stars at F ~ 21.5. 
The series of 200-inch plates was centered to map the boundary on the East, South, and 
West sides adequately, as marked on the reproduction from a blue 48-inch Schmidt 
plate shown in Figure 15 (Plate 9). 

The limiting boundary is roughly elliptical, with major and minor axes of 25Í07 
and 20Í27, respectively, at a position angle of about 90°. The linear dimensions are 5600 
by 450 pc, which represent the extreme size to which the oldest stars can be traced. 
Figure 15 shows that the prominent Population I component is confined well within 
these boundaries by about a factor of 2. IC 1613 is an exceedingly small galaxy. 

VIII. REMAINING OPTICAL PROBLEMS 

The preceding reconnaissance study can be extended in several ways. Of most im- 
mediate concern is a test between the interpretations of Figures 11 and 12. This can be 
done by obtaining light curves for the faint TBD variables in Table 1, and by measuring 
all the variables on a series of 103a-D + GG11 plates for color indices. Because V- 
magnitude standards exist for many sequence stars (Table A2 of the Appendix), the 
task is not large once an adequate series of yellow plates is available. 

The color-magnitude diagram to F ^ 22, together with the luminosity function for 
main-sequence and supergiant red stars, would provide an important comparison of 
evolutionary lifetimes of supergiants and Cepheids. 

First plates to obtain the C-M diagram have been measured by Katern, but the pro- 
gram is not now complete. 

It is a pleasure to thank Basil Katern for his help in the long and tedious task of re- 
ducing all data to the new magnitude system, and in measuring the areas of the light 
curves to obtain mean intensities. It is also a pleasure to thank Felice Woodworth for 
her excellent preparation of the illustrations for press, and Judy Harstine for the dif- 
ficult work of typing Table 2. I am most grateful to Henrietta Swope for critically 
reading the manuscript. 

APPENDIX 

THE ADOPTED SCALE AND ZERO POINT 
OF THE MAGNITUDE SYSTEM 

A. Sandage, Basil Katem, and Ann H. Matthews 

Photoelectric UBV measurements of thirty-eight stars in and near IC 1613, measured at the 
200-inch prime focus, are listed in Table Al. Stars fainter than F = 19.3 were centered in the 
photometer diaphragm by blind-offset techniques. A sky-blocking diaphragm of 7'!6 diameter 
was used in all cases. The listed stars have been identified in Figure 1. 

Stars of the photoelectric sequence brighter than F = 17.5 are undoubtedly foreground. 
Seven of these have adequate U — B, B — V data to estimate the reddening. Because of the 
high latitude (b = —61°), some mild intrinsic ultraviolet excess is expected for those foreground 
stars in the near halo. The excess is present for stars T, H, and 17, but the effect on the reddening 
determination is minor. The data require E(B — F) < 0.03, and it could be zero. In any case, 
it is almost certainly smaller than the E(B — F) = 0.07 which is predicted from the cosecant 
law with a “standard” reddening half-thickness of E(B — F) = 0.06 mag. IC 1613 is, then, 
another example of low reddening in the pole for individual objects as shown by the high- 
latitude globular clusters (Sandage 1969), by E galaxies (Peterson 1970), and by NGC 2403, for 
example (Tammann and Sandage 1968). 
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Extensive photographic smoothing was done on the photoelectric data so that the crowding 
problem could be statistically overcome. The results are shown in the final column of Table Al, 
and are plotted in Figure Al. There seems to be little difficulty brighter than B 20.8, but faint- 
er than this the scatter becomes larger, and it seems clear that accuracies of ±0.1 mag have not 
yet been reached for the faintest stars. However, no gross random errors larger than ± 0.2 mag 
appear to exist to the limit of the data at Æ ^ 21.7. 

The area of good definition on 100-inch 5 X 7-inch plates is considerably smaller than the 
angular extent of IC 1613. Because it was crucial to place all secondary sequence stars on a 
homogeneous magnitude system, Baade took a series of plates at different centers over the 
face of IC 1613 so that the areas of good definition overlapped. He did this initially with 100- 
inch plates, and later with 5- and 15-minute exposures with the 200-inch. Under his direction, 
these overlapping plates were measured with an iris diaphragm photometer by Mrs. Matthews 
so that all sequence stars could be tied to a single system. Correlation curves were drawn for 
all stars in the overlap regions, thereby permitting reduction of all readings to a single plate. 
A final list of mean iris readings was produced. 

TABLE Al 

Photoelectric Sequence in IC 1613 

Star B B-V U-B 

B. . 
T.. 
G. . 
A. . 
H. . 
C. . 
26.. 
17.. 
28.. 
24.. 
Q 
L. .. 
M. . 
14. . 
5.. . 
44a. 
18c. 
19a. 
53a. 
P... 
29.. 
19d. 
24f. 
13d. 
9c.. 
13c. 
47c. 
19e. 
13b. 
45e. 
12d. 
13a. 
17b. 
24d. 
37e. 
14e. 
A5. 
24c. 

10.97 
13.71 
13.72 
14.24 
14.58 
14.74 
16.40 
16.42 
17.02 
17.23 
18.22 
18.56 
18.57 
18.86 
18.91 
18.96 
19.24 
19.26 
19.32 
19.78 
19.86 
20.12 
20.21 
20.40 
20.52 
20.56 
20.63 
20.65 
20.71 
20.73 
20.78 
20.93 
20.93 
20.98 
21.22 
21.49 
21.53 
21.70 

11.58 
14.31 
14.50 
14.98 
15.11 
15.55 
17.60 
16.96 
18.39 
17.86 
18.25 
18.36 
18.43 
18.55 
18.66 
19.86 
21.21 
19.25 
21.28 
19.82 
19.73 
20.33 
21.62 
21.49 
21.02 
20.88 
20.89 
20.56 
20.65 
20.64 
21.68 
20.74 
20.64 
21.49 
21.26 
21.08 
21.52 
21.26 

+0.61 
+0.60 
+0.78 
+0.74 
+0.53 
+0.81 
+ 1.20 
+0.54 
+ 1.37 
+0.63 
+0.03 
-0.20 
-0.14 
-0.31 
-0.25 
+0.90 
+ 1.97 
-0.01 
+ 1.96 
+0.04 
-0.13 
+0.21 
+ 1.41 
+ 1.09 
+0.50 
+0.32 
+0.26 
-0.09 
-0.06 
-0.09 
+0.90 
-0.19 
-0.29 
+0.52 
+0.04 
-0.41 
-0.01 
-0.44 

+0.16 
+0.01 
+0.42 
+0.29 
-0.04 
+0.40 
+ 1.17 
-0.05 

-0.50 
-0.84 
-0.72 
-1.02 
-1.05 
+0.76 

+0.21 
-0.15 
+0.06 

(-0 81) 

(-1.36) 
(-0.86) 
(-1.29) 

16 
2 
1 
3 
1 
1 

2,1 
2 
1 
1 

2,1 
1 
1 
1 
1 

2, 1 
1 
1 
1 
1 
1 
1 
1 

VI, B2 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 

17.58 
16.99 
18.46 
17.73 
18.20 
18.21 
IS. 27 
18.47 
18.53 
19.96 
20.85 
19.26 
20.79 

19! 70 
20.32 
21.55 
21.65 
21.05 
21.15 
21.00 
20.48 
20.90 
20.75 
21.69 
20.75 
20.67 
21.30 
21.19 
20.95 
21.33 
21.00 
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Fig. Al.—Comparison of the photoelectric and photographically smoothed primary stars sequence 
listed in Table Al. 

TABLE A2 

Adopted Magnitudes of Comparison Stars 

Star 
1/3/14 

a 
b 
c 

f 
g 
h 

2/19 
A 
a 
b 
c 
d 
e 
f 
g 

6a 
b 
c 
d 
e 
f 

7/52 
a 
b 
c 
d 

8a 
b 
c 
d 

9b 
c 
d 

10a 
b 
c 
d 
e 

11A 
a 
b 
c 
d 
e 
f 
g 

12a 
b 
c 
d 
e 
e ' 

(B-V) (B-V) (B-V) Star 

20.03 
20.23 
20.51 
20.85 
20.95 
21.10 
21.45 
21.90 

18.20 
19.28 
19.70 
19.91 
20.31 
20.46 
20.78 
21.08 
20.12 
20.50 
21.16 
21.30 
21.51 
21.65 

20.42 
20.66 
21.08 
21.32 
21.50 
20.67 
21.14 
21.34 
21.65 
20.73 
21.05 
21.30 
21.76: 
21.77: 
20.36 
20.77 
21.03 
21.45 
21.65 
18.47 
19.80 
19.88 
20.10 
20.50 
20.73 
20.82 
21.21 
20.80 
21.00 
21.39 
21.69 
21.89 
21.80 

-0.10 
0.12 
0.59 
0.44 
0.28 
0.38 

0.10 
-0.15 
-0.11 
-0.15 
0.27 
0.15 

-0.12 
-0.22 
0.26 
0.43 

-0.35 

0.25 
0.32 

0.53 
-0.05 

0.33 
0.61 
0.51 

0.06 
-0.06 

-0.58 
-0.06 
-0.19 
0.16 

-0.19 
-0.44 
1.45 
0.17 

-0.25 
0.34 
0.14 

13a 
b 

15a 
b 

16a 
b 

f 
17/36 

f 
18a 

b 

20a 
b 
b ‘ 

f 
217 

6 
22A 

b* 

23A 

20.75 
20.90 
21.15 
21.65 
21.80: 
20.31 
20.56 
20.91 
21.25 
21.25 
21.64 
19.91 
20.34 
20.71 
20.48 
21.11 
21.04 
21.23 
21.39 

20.20 
20.67 
20.89 
21.34 
21.66 
21.85 
20.16 
20.42 
20.85 
20.83 
21.30 
21.35 
21.65 
18.78 
18.94 
19.76: 
19.83 
19.90 
20.09 
20.59 
20.29 
20.91 
20.50 
20.78 
17.00 
17.91 
18.19 
18.93 
19.31 
19.93 
20.35 
20.60 
18.64 
18.87 
19.57 
19.58: 
19.92 
20.4: 
20.54 
20.73 

-0.07 
0.13 
1.47 

0.00 
0.19 
0.07 
0.20 

0.32 
-0.09 
-0.25 
0.22 

-0.27 
-0.07 
0.15 

0.35 
0.26 

-0.14 

-0.21 
-0.15 
1.66 

-0.03 

-0.23 
0.35 

-0.05 
-0.12 
0.06 
0.12 
0.07 
0.03 

-0.02 
-0.01 
-0.15 
-0.26 

-0.44 
-0.40 
-0.08 
-0.11 
-0.16 
-0.24 
-0.11 
-0.15 
-0.17 
0.00 
0.12 
0.12 
1.80 

24a 
b 

25/50 

20.29 
20.77 
21.00 
21.30 
21.52 
21.55 

20.00 
20.24 
20.40 
20.74 
20.98 
21.45 
21.78 

26/27/63 
A 20.27 
a 20.43 
b 20.68 
c 20.94 
c' 21.44 
d 21.38 
e 21.62 
e' 21.68 
f 21.83 

28A 

29a 
b 

d 
30A 

f 
31/58 

a 
45a=b 

32a 
b 

34a 
b 

35a 
b 

20.74 
21.15 
21.37 
21.65 
21.91: 
21.87 
21.10 
21.48 
21.70 
21.89 
20.40 
20.64 
20.98 
20.99 
21.48 
21.53: 
21.62: 

19.32 
19.73 
20.46 
20.94 
18.62 
19.44 
19.90 
19.95 
20.49 
20.82 
21.16 
21.53 
21.96 
21.19 
21.19 
21.38 
21.67 
21.77 
21.9: 

0.11 
0.07 

-0.12 
0.52 

1.35 

1.01 
0.08 
0.22 
0.47 

-0.52 
0.43 

0.12 
0.18 
0.29 

0.18 
0.55 
1.53 

0.13 
-0.02 
-0.15 
-0.11 
0.88 

-0.35 
-0.16 
-0.20 
-0.66 
-0.48 
-0.14 
-0.21 
-0.24 
+0.49 
-0. 08 
+0.37 

-0.07 

37a 

38a 
b 

39/56 
A 

d 
40/49 

41a 
b 

42a 
b 

43a 
b 

45a 
b 

46a 
b 

B 

20.28 
20.60 
20.83 
21.01 
21.19 
21.45 
18.10 
18.55 
18.86 
19.26 
19.11 
19.78 

19.13 
18.90 
19.25 
19.56 
19.97 

20.73 
20.90 
21.08 
21.35 
21.70 
21.80 
22.0: 
21.02 
21.25 
21.40 
21.85 
22.0: 
18.70 
18.66 
19.13 
19.41 
19.85 
18.56 
19.17 
19.43 
19.76 
20.02 
20.32 
19.81 
19.96 
19.96 
20.11 
20.39 
20.74 
19.73 
20.21 
20.50 
20.57 
20.75 
21.09 
21.21 
21.60 
21.67 
faint 

(B-V) 

+0.08 
0.32 

-0.49 
0.32 
0.35 

-0.09 
-0.41 
-0.5 
-0.4 
-0.47 
0.09 

1.87 
0.75 
0.04 
0.17 
0.20 

-0.12 
-0.42 

0.90 

-0.50 
-0.49 
-0.08 
-0.31 
-0.14 
-0.65 
0.00 

-0.27 
-0.12 
-0.09 
-0.09 
0.13 
1.04 
0.14 
0.35 
0.49 
0.52 

-0.16 
-0.03 
-0.21 
0.05 
0.19 

1.16 

Star 

47b 
c 
c ' 
d 
d ' 
e 

48a 
b 
c 
d 
e 

51/59A 
a 
a 
b 
c 
d 

52a 
b 
c 
d 
e 

53A 
a 
b' 
b 
c 
d 
e 
e' 

54a 
b 
c 
d 
e 

57a 
b 
c 
d 
e 

6Ca 
b 
c 
d 

61a 
b 
c 
d 
e 

62a 
b 
c 
d 
e 

B (B-V) 

20.55 .1.39- 
21.04 0.28 
20.91 -0.34 
21.37   
21.44   
21.79   
21.20 0.04 
21.35 0.30 
21.47 0.47 
21.64   
21.90   
21.01 1.24 
20.72 0.22 
21.14 1.35 
21.37   
21.58   
21.74   
20.42 0.22 
20.67 0.31 
21.08   
21.32   
21.50   
20.70 0.10 
20.79 1.77 
21.13 0.08 
21.10 0.93 
21.18 0.26 
21.38   
21.69   
21.75:   
20.78 -0.47 
21.08 0.06 
21.26   
21.60   
21.72:   
20.98 0.18 
21.25   
21.50 .... 
21.52   
faint .... 
21.03 -0.12 
21.22 0.06 
21.25 0.45 
faint .... 
20.91 -0.01 
21.31   
21.46 0.39 
21.67   
21.75:   
20.90 -0.14 
20.92 -0.44 
20.88 0.13 
21.43 1.08 
21.68   
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Stars for the photoelectric sequence were chosen from this list. All that was then required 
was to draw calibration curves of versus iris values for the primary standards, from which 
magnitudes of all secondary stars were then determined. 

Four complete series of overlapping 200-inch plates were measured and reduced in this way. 
The series were (a) 5-minute exposures behind a Schott GG1 filter, (b) 5-minute exposures 
behind a GG13, (c) 15-minute exposures behind a GG1, and (d) special measurements by 
Katern for a separate program on the color-magnitude diagram in which a number of the 
secondary standards were carried as unknowns. After applying a color equation to the two GG1 
series to reduce them to the GG13 system, all four series were averaged for each star to form the 
adopted ^-magnitude system for the sequences. 

A special series of yellow plates (103a-D + GG11) was measured by Katern to obtain pre- 
liminary V magnitudes. The weight of these is considerably less than for the blue magnitudes 
(which depend on four series, each series consisting of about five plates), but they are useful 
at this stage as an indication oî B — V color. 

The final data for 279 stars are listed in Table A2, which is, in a sense, more fundamental 
than Table A1 because all values in Tables 2, 3, 4, 5, and 6 depend directly on it. Future work 
to improve the magnitude scale will aim at improving Table A2. 
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