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ABSTRACT 

This paper consists primarily of a catalogue of O and B stars for which observations for polarization, 
magnitude, color, and spectral types are available. The magnitudes and colors are on the U, B, V system, 
and the spectral types on the two-dimensional MK system. In addition to the direct observations for 
magnitude, colors, spectral types, and polarization, the interstellar absorption, the distance modulus, 
and the ratio of interstellar polarization to absorption are also recorded in the catalogue. The maximum 
polarization, 0.22 mag., has been found in Cygnus, where the absorption is in excess of 10 mag. An inclina- 
tion for the Orion-Perseus spiral arms is derived from the alignment of the planes of vibration. The lon- 
gitude of the radius vector perpendicular to the spiral arm is 102°, in contrast to approximately 135° 
from 21-cm observations but is in fair agreement with the O association data. A maximum value for 
the ratio of polarization absorption, p/Av, is determined. A value near 0.06 is indicated from the anal- 
ysis of the data. 

INTRODUCTION 

This is the third catalogue of early-type stars for which interstellar polarization 
measurements have been made (Hiltner 1951 and 1954). This catalogue differs from the 
previous two. In addition to the polarization data, the stars were also observed for mag- 
nitude and color on the U, By V system, and slit spectrograms were obtained for spectral 
classification on the MK system. These additional data, of course, greatly enhance the 
value of the catalogue not only for investigations on interstellar polarization but also for 
other galactic-structure studies. For example, a reliable maximum value for the ratio of 
interstellar polarization to total absorption can be determined. Distance moduli can now 
be computed. However, the accuracy for an individual star is not sufficiently great to 
assist materially in polarization studies, but these data should prove useful in other 
galactic-structure studies, where the average of a number of stars can give significant 
information—for example, the distances of associations. Many stars in this catalogue 
also appear in one or the other of the earlier ones. This is the case where the observed 
polarization was published previous to this catalogue and in the meantime spectroscopic 
and photometric observations were completed. 

OBSERVATIONS 

Polarization Measurements 

The polarization observations in this paper consist of data previously published as 
well as new data. All interstellar polarization data published earlier (Hiltner 1951,1954) 
and the new data published here were obtained with a photoelectric photometer attached 
to the 82-inch reflector of the McDonald Observatory. The polarization analyzer con- 
sisted of a Polaroid sheet mounted between glass plates. Relative to the photosensitive 
surface, this Polaroid occupied either of two positions differing by 90° in position angle. 
In addition to this rotation of 90°, the Cassegrain focus of the telescope is provided with 
a head that can be rotated to any position angle. Consequently, the Polaroid in either 
of the two positions separated by 90° could occupy any position angle. A series of ob- 
servations, where the difference in intensity at the two positions of the Polaroid is meas- 
ured at different settings of the Cassegrain head, yielded a sine-curve when the differ- 
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390 W. A. HILTNER 

enees in intensities were plotted against position angle. In the normal observing program 
an observation was made with the Cassegrain head set at some arbitrary position angle. 
An observation at this angle consisted of a deflection with the Polaroid in one of its two 
positions, a deflection in the other position 90° from the first and then a second deflec- 
tion at the original position. The Cassegrain head was then rotated in position angle by 
30°, and the same procedure was followed. That is, one deflection at position A of the 
Polaroid, a deflection at position B, 90° from A, and then a second deflection at A. From 
these two sets of observations the position angle was estimated at which the maximum 
polarization effect could be observed. An observation at this estimated position angle 
was then made. In this case the observation consisted of three deflections at position A 
of the Polaroid separated by two at position B. This observation near maximum polari- 
zation was then followed by two sets of observations with the position angle of the Casse- 
grain head set at 45° on either side. These two series of observations taken to determine 
the position angle of the plane of vibration consisted of three deflections each, two at 
position A, separated by one at B. All deflections had a duration of about 30 seconds. 

Fig. 1.—Comparison of magnitudes obtained with the 13-inch and the 82-inch reflectors of the 
McDonald Observatory. 

The first two preliminary series of observations as well as the last three were entered into 
a least-squares solution for the amount of polarization and the plane of vibration. At some 
galactic longitudes the plane of vibration could be estimated (plane of the Galaxy) in 
advance with sufficient accuracy. Under such circumstances only the last three series of 
observations were necessary. 

In the earlier observations an RCA 1P21 photomultiplier was employed. Later this 
was replaced by an EMI 5659 photomultiplier, since the latter has a photocathode nor- 
mal to the optical axis of the telescope and hence should be insensitive to the plane of 
vibration of the exciting radiation. However, this photomultiplier was also sensitive to 
the plane of vibration of the exciting radiation. The radiation transmitted by the photo- 
cathode was free to be absorbed by the Venetian blind of the multiplier structure 
(Sommer and Turk 1950). Since the Venetian blinds are inclined to the optical axis and 
have photoelectric sensitivity, a residual polarization of about 0.01 mag. was present. 
This residual polarization, detected by observing nearby stars, was removed by a quartz 
depolarizer. 

Magnitude and Color Measurements 

The photometric observations in three colors were obtained over a period of 4 years. 
Two telescopes were employed—the 13-inch and the 82-mch reflectors of the McDonald 
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OBSERVATIONS OF O AND B STARS 391 

Observatory. Three amplifiers of three different designs were used during the four ob- 
serving seasons. In all cases the amplifiers were checked for linearity and calibrated 
against standard laboratory potentiometers. The same RCA 1P21 photomultiplier and 
filters were employed with the 82-inch reflector throughout the series, and this same 
combination was used with the 13-inch reflector in 1954. However, a different set, but of 
the same type, of photomultiplier and filters was used on the 13-inch reflector in 1952. 

A(B-V) 
40.0$ 

-0.05 

• *1 4 * # 

0.0 0.2 0.4 0.6 
B-V 

0.8 1.0 4-1.2 

A (B-V) 
+0.05 

-0.05 

Fig. 2.—Comparison oiB — V colors obtained with the 13-inch and 82-inch reflectors of the McDonald 
Observatory. 
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40.05 
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Fig. 3.—Comparison oí U—B colors obtained with the 13-inch and the 82-inch reflectors of the 
McDonald Observatory. 

In all cases the same filter-photomultiplier combinations were used as were originally 
employed in defining the U, B, V color system (Johnson and Morgan 1953), to which all 
natural colors and magnitudes were transferred. No difficulty was encountered in trans- 
ferring color systems, for all transformations were linear. A comparison of the 1952 and 
1954 13-inch observations and the 82-inch observations for all seasons is shown in Fig- 
ures 1,2, and 3. For the 1952 13-inch reflector data no piece of equipment was in common 
with the 82-inch reflector data. Any systematic difference that may be present is less 
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392 W. A. HILTNER 

than 0.01 mag., in magnitude as well as in color. The 1954 13-inch observations em- 
ployed the same equipment as that used on the 82-inch reflector. Again any systematic 
error is less than 0.01 mag. The individual points in the figures are often represented by 
only one observation by either or both telescopes. 

The extinction was determined on all nights when the run was long enough to permit 
such determination. However, a mean value was used, for the evidence supports the con- 
clusion that, in general, if only photometric nights are used for photometry, the extinc- 
tion is less variable than the accuracy with which it can be determined during a night 
when the extinction observations are interspersed with a significant number of observa- 
tions on program stars. Nightly corrections were then added to the observations. These 
corrections are evaluated by observing standard stars at frequent intervals—about 1 
hour. At the beginning of the photometric observations the extinction was given careful 
consideration. In August and September, 1952, the extinction was measured with great 
care. The results of these observations are recorded in Table 1. These data support the 

TABLE 1 

Extinction Measurements 

Date 
1952 

August 19. 
20. 
21. 
22. 

0.151 
.159 
.157 

0.151 

0.090 
.087 
.089 

0.090 

kc 

0.307 
.310 
.307 

0.314 

Date 
1952 

September 6. 
7. 
8. 

0.145 
.163 

0.168 

0.086 
.086 

0.088 

0.303 
.312 

0.315 

TABLE 2 

Standard Stars 

Star 

HD 14633. . . 
10 Lac  
V Hga  
7 Her  
HR 875  

7.44 
4.87 
4.31 
3.89 
5.17 

B — V 

-0.210 
- .200 
- .196 
- .155 
+0.085 

U-B 

-1.067 
-1.045 
-0.74 
-0.558 
+0.05 

Star 

ô Tri...., 
a Ori. . . . 
HR 8832, 
e CrB.... 

4.87 
1.99 
5.56 
4.15 

B — V 

+0.61 
+1.-153 
+1.013 
+ 1.227 

U-B 

+0.02 
+ 1.12 
+0.892 
+1.=282 

conclusion that, when only photometric nights are used for photometry, the extinction 
is indeed quite uniform from night to night. In the table, ky represents the extinction 
for the yellow filter, ÆCI/ the extinction for blue minus yellow color, and kcu the extinction 
for ultraviolet minus blue color—all for zero natural color. The color extinctions were 
computed with the condition in the least-squares solution that the no-atmosphere 
colors of the extinction stars were constant from night to night. 

Only nights of good quality were used for photometric observations. On nights of 
doubtful or non-photometric quality, the Cassegrain spectrograph was placed on the 
telescope to obtain classification spectrograms of program stars. 

To transfer from the natural colors to the I/, B, V system, the standard stars listed 
in Table 2 were employed. In addition to these stars, others with published £7, 5, V 
magnitudes and colors were observed to check the linearity of the transformation. The 
values given in Table 2 do not differ significantly from the more recent values pub- 
lished by Johnson (1956). 
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OBSERVATIONS OF O AND B STARS 393 

Spectroscopic Observations 

In order to secure spectrograms for two-dimensional classification, a new camera was 
installed on the Cassegrain spectrograph of the McDonald Observatory. The lens, de- 
signed by Dr. F. E. Ross, consists of three elements, two of which are cemented. It has 
an aperture of 90 mm and a focal length of 118 mm. The dispersion is 86 A/mm at Hô 
when used in conjunction with the two glass prisms. The exposure time for a twelfth- 
magnitude star is 1 hour for a spectrogram 0.7 mm wide on Eastman 103^-0 emulsion. 
As mentioned earlier, the spectrographic observations were, in general, reserved for those 
nights when the sky was not of photometric quality. All spectrograms were developed 
under the same physical conditions. 

Nearly sixteen hundred spectrograms of O and B stars have been obtained to date by 
the author with this spectrograph. The stars are distributed approximately as follows: 
600 stars with Henry Draper numbers, 175 with Henry Draper Extension numbers, and 
600 with Bonner Durchmusterung numbers only, and 200 stars not in these catalogues. 
Of the 1600, over 600 of the fainter stars in the Nassau and Morgan (1951) published 
list of OB stars were observed. These spectrograms were classified by Morgan and the 
classifications published (Morgan, Code, and Whitford 1955). The remaining spectro- 
grams are of stars found in the various lists of early-type stars. 

TABLE 3 

O and B Stars 

Star 

6... 
7.. . 
8*-.. 
9.. . 

10... 

11  
12...... 

1855 

Ohipmg 
20.0 
21.6 
24.1 
34.5 

35.6 
36.5 
36.6 

,f. 36.7 
40.5 

40.7 
0 43.4 

+63° Í8' 
+63 20 
+62 16 
+62 29 
+64 08 

+63 41 
+63 36 
+63 36 
+63 11 
+63 25 

i ! 
+63 06 
+63 46 

Magnitude 

10.87 
11.11 
10.49 
11.09 
11.29 

11:38 
10.69 
9.50 

11.22 
11.15 

10.71 
11.31 

Star 

13. 
14. 
15. 

16. 
17. 
18; 
19. 
20. 

21. 
22. 
23. 
24*. 

1855 

0h46E?0 
0 47.0 
.0 48.3 

0 50.7 
0 50.9 
0 52.1 
0 52.1 
0 52.2 

0 53.7 
2 12.9 
2.44.9 
2 47.0 

+62° 42' 
+63 13 
+62 29 

+63 51 " 
+63 02 
+63 09 
+63 10 
+63 09 

+63 13 
+57 30 
+58 38 
+57 18 

Magnitude 

11.21 
11.06 

;11.67 

11.00 
11.73 
11.10 
10.92 
11.18 

11.03 
10.56 
10,66 
10.24 

* No. 8 = BD+63°89; star No. 24 can be found on chart for star 13, reference 2. It is 12 mm from the left edge 
and 3 mm from the top edge of the chart. 

New Early-Type Stars 

Earlier work (Hiltner 1951) had shown that high polarization was present in the 
region a = 0h40m and ô = +63°. In order to investigate this region further, objective- 
prism plates of long exposure were obtained with the 26-inch Schmidt at the Tonantzint- 
la Observatory, centered on this position. A large number of faint early-type stars were 
found. Those which have been observed for color, spectral classification, and polarization 
are recorded in Table 3. In addition, this table contains three early-type stars found by 
the Misses Gonzalez at the Observatorio Tonantzintla. These three stars were in tenta- 
tive lists of O and B stars kindly sent to the author by the Misses González but as yet 
do not appear in any of the published lists from Tonantzintla. For ease of identification 
Figures 4 and 5 give identification charts for all the stars in Table 3 except No. 24. This 
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Fig. 4.—Finding charts for new OB stars 
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Fig. 5.—Finding charts for new OB stars 

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



19
56

A
pJ

S 
..

..
 2

. 
.3

89
H

 

394 W. A. HILTNER 

star can be identified on the chart for star 13 in the Boletín de los Observatorios Tonantzint- 
la y Tacubaya (González and González 1953). It is 12 mm from the left edge and 3 mm 
from the top edge of the chart. For further ease in identification a few BD stars are iden- 
tified on each chart. These stars are listed in Table 4. 

TABLE 4 

Identification of Reference Stars in Figures 4 and 5 

Chart A 
a) +63°52 
fr) +63°55 

Chart C 
a) -f-64°68 
b) +64°74 

Chart E 
a) +62°147 
b) -f 62°152 

Chart B 
a) +62° 102 

Chart D 
a) +63°81 

Chart F 
a) +63°97 
b) +63°99 

Chart G 
a) +62°164 
b) +62°172 

Chart I 
a) +63° 117 
b) +63° 122 

Chart K 
a) +57°553 
b) +57°5S1 
c) +57°5S5 

Chart H 
а) +63°118 
б) +62°175 
c) +63°114 

Chart J 
a) +62°175 
b) +62°185 

Chart L 
a) +58°532 
b) -b58°529 

THE CATALOGUE 

This catalogue (Table 5) of O and B stars has 1259 entries. There is appreciable over- 
lap with two previous catalogues on interstellar polarization published by the author. 
However, this catalogue gives not only polarization measurements but also the two- 
dimensional spectral types and the magnitudes and colors in the Z7, B, V system. Details 
of the catalogue follow. 

Column 1.—This column gives running numbers to the stars observed in this program 
for which we have complete data. An asterisk after a number in this column and follow- 
ing columns refers to a footnote at the end of the table. 

Column 2.—The Henry Draper Catalogue number is given whenever available. Stars 
in the Henry Draper Extension are prefixed with an E. 

Column 3.—The Bonner Durchmusterung number is given also whenever available. 
For a few other stars the Córdoba Durchmusterung number is recorded. 

Columns 4 and 5.—These columns give the position of the stars for the 1900 epoch. 
Columns 6 and 7.—The galactic co-ordinates, referred to the pole at a = 12h40m, 

b = 4-28° (1900), are recorded in these columns. The co-ordinates were first computed 
with the help of the Lund tables (Ohlsson 1932) from the 1900 co-ordinates. The com- 
putations were checked graphically with charts constructed from the Lund tables. 

Column 8.—The galactic parallactic angle is given in this column. It is the angle be- 
tween the galactic-latitude circle and the declination circle. Again the Lund tables were 
employed. 

Column 9.—This column gives the observed amount of polarization in magnitudes. 
Column 10.—The position angle of the electric-vector maximum is given here in equa- 

torial co-ordinates. 
Column 11.—The position angle of the electric vector is given here in galactic co-ordi- 

nates. It is obtained by adding the observed position angle in equatorial co-ordinates to 
the parallactic angle. 

Column 12.—This column gives the spectral-luminosity type. The spectral types were 
obtained from the literature when available (for example, Morgan, Code, and Whitford 
1955). Many previously unclassified stars were kindly classified by W. W. Morgan from 
spectrograms obtained by the author. Also some spectral classifications were made by 
the author. 

Columns 13, 14, and 15.—These columns give the photometric observations on the 
U, B, V system. All entries are represented by two or more observations per star ob- 
tained on different nights and, in many cases, different seasons. 
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Column 16.—This column is a computation of the interstellar absorption at that wave 
length corresponding to the V magnitude. The normal colors adopted are those given in 
Table 6. A uniform ratio of total to selective absorption of 3 (Hiltner and Johnson 1956) 
was assumed for all galactic longitudes and latitudes. 

Column 17.—This gives the magnitude corrected for interstellar absorption found in 
column 16. 

Column IS.—The absolute magnitudes assumed here are based on the tentative 
calibration published earlier (Johnson and Hiltner 1956). Blaauw (1956) has shown that 
the observed luminosity of the early-type stars, especially B2 and B3, is dependent upon 
whether the star is a member of an association or a field star. Here, however, we have 
made no corrections for such evolutionary effects. 

Column 19.—This column gives the distance modulus of the individual stars. 
Column 20.—The astrophysically important quantity—the ratio of interstellar 

polarization to interstellar absorption—is given in this column. It is, of course, the ratio 
of columns 9 and 16. 

TABLE 6 

Normal Colors of O and B Stars 

Spectral 
Type 

05. . 
06. . 
07. . 
08. . 
09. . 
09.5 
BO. . 

(5-F)o 

-0.32 
- .32 
- .32 
- .31 
- .31 
- .30 
-0.30 

Spectral 
Type 

BO.5. 
Bl... 
B2... 
B3... 
B5... 
B6... 
B7... 
B8... 

(B-F)o 

-0.28 
- .26 
- .24 
- .20 
- .16 
- .14 
- .12 
-0.09 

Spectral 
Type 

B9. .. 
B9.5 
AO... 
Al... 
A2... 
A3... 
A5... 

(B-V), 

-0.06 
- .03 

.00 
+ .03 
+ .06 
+ .09 
+0.15 

DISCUSSION 

Distribution of the Stars 

The distribution of the stars in the catalogue is shown in Figures 6, 7, and 8. In the 
upper part of each figure the stars have been plotted in galactic co-ordinates. Only those 
stars in the catalogue with galactic latitude from —6° to +6° are on the diagram. Al- 
though these data are not free of observational selection, because of the available tele- 
scope time and other factors, the well-known regions where few early-type stars are 
known are well defined: galactic longitudes 350o-25° and from 110° to 130°. Also many 
associations can be identified, but a discussion of the associations will not be made here. 
On the lower sections of the three figures are plotted the stars for which distance moduli 
are available. In general, the observed stars have distance moduli from 10 to 13. To a 
first approximation the three diagrams appear to show little more than a general scatter- 
ing, with a few exceptions, notably the double cluster in Perseus. This scatter for indi- 
vidual distance moduli is to be anticipated, since the probable error for the distance 
modulus of a single star is of the order of 0.5 mag. One interesting feature should be 
noted in passing: it is the concentration of stars at increasing distance modulus in passing 
from longitude 105° backward to, say, 70°. At the double cluster the distance modulus is 
11.8, but at 70° it has increased to 12.7, corresponding to distances of 2.3 and 3.5 kpc, 
respectively. There is little doubt that this is evidence of the Perseus spiral arm (see 
Morgan, Whitford, and Code 1953). 

For purposes of analysis the stars in Table 5 were placed in fifteen galactic-longitude 
groups. Because of the non-uniform distribution of stars in galactic longitude, the 
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440 W. A. HILTNER 

boundary limits in longitude were defined in such a way as to avoid as much as possible 
large longitude intervals and still have a sufficiently large number of stars in each group 
to give the statistics some significance. The boundaries of the fifteen groups are given 
in Table 7, along with the number of stars in each group. In addition, the standard devia- 
tion, <r, of the alignment of the electric vector and the average value for the ratio of 

TABLE 7 

Numbers of Stars, Values of a and Mean Ratios p/Av to 
Galactic-Longitude Groups 

322?5-335°. 
335 -350.?.“.-.?. 
350 - 25.U.T* 

25 - 40.57. r 
40 - 50. ?.l.. ' 

50 - 65 ? 
65 - 75.. 
75 - 85.. 

No. of 
Stars 

47 
83 
22 

:'2 55 
^ U24 

44 
: 99 

89 

0.31 
.88 
.75 
.62 
.77 

.61 

.27 
0.35 

P/A v 

0.025 
.014 
.014 
.020 
.012 

.022 

.029 
0.023 

85°- 95°. . /r.t: 
95 -102.5.t-.- . 

102.5-110. 
110 -140./Ät/ 
140 -160. in.-. 
160 -180.tr?.-:. 
180 -213. .s.':... 

No. of 
Stars 

f 130 
/rT58 

90 
43 
87 
51 
34 

0.22 
.10 

.11 

.20 

.27 

.43 
0.56 

P/Av 

0.038 
.045 

.041 

.034 

.028 

.020 
0.016 

interstellar polarization to interstellar absorption are also given in the table for each 
group. For all groups the galactic-latitude limits were —6° to +6°. The discussion of the 
data in the present paper will be limited to the more general aspects of interstellar 
polarization. 

Alignment of the Electric Vector 

The individual stars with galactic latitude between —6° and +6° are shown in Figures 
9-21, where each star is represented by a line. The length of the line gives a measure of 
the relative amount of polarization, and the inclination of the line corresponds to the 
plane of vibration for that particular star. Few comments need be made regarding these 
plots. It is well known that the departure from uniform alignment of the electric vector 
varies appreciably with galactic longitude (Hiltner 1951). Also the average amount of 
polarization varies with longitude (Hall and Mikesell 1950; Hiltner 1951). In general, the 
highest polarization is observed in Perseus, and the lowest on either side of this region. 
However, there is one outstanding exception. The greatest amount of polarization ob- 
served thus far is in Cygnus, where normally the smallest average polarization is found. 
The star with the highest polarization is No. 12 in association VI Cyg. Its interstellar 
absorption is near 10 mag., and the polarization is 0.22 mag. 

The alignment of the electric vector as a function of galactic longitude is illustrated 
in Figure 22. In this figure, histograms are shown for the fifteen longitude groups where 
the number of stars are plotted against the position angle. Two extremes are immediate- 
ly noted, as well as intermediate cases: a flat-top distribution that shows little or no pref- 
erence for any position angle and a strong concentration at position angle 90°, that is, 
the electric vector parallel to the galactic plane. The two extremes are well illustrated 
by the Cygnus region, / = 40o-50° (flat-top distribution), and the Cassiopeia-Perseus 
region, l = 95o-110° (concentration at 90°). 

The variation in alignment of the electric vector with galactic longitude is also illus- 
trated in Figure 23, where the standard deviation of the alignment, a, from Table 7 is 
plotted against longitude. There are several features of this diagram that should be 
noted. First, there is a well-defined minimum at longitude 102°. Second, the slope from 
40° to the minimum at 102° is greater than that from 102° to larger galactic longitudes. 
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OBSERVATIONS OF O AND B STARS 455 

These variations in alignment with galactic longitude can be interpreted on the as- 
sumption that, to a first approximation, the alignment force (magnetic field) is in the 
plane of the Galaxy more or less parallel to the spiral arms. This general picture of the 
alignment force has received further support from polarization measurements of the 
extragalactic nebula NGC 7331 by Elvius (1956). For the reddened part of this nebula 
the electric vector is approximately parallel to the galactic equator. In the Cassiopeia- 
Perseus region the line of sight is perpendicular to the axis of the spiral arm and hence 
perpendicular to the alignment force. Perfect alignment should be displayed. However, 
the dispersion in this region is about 0.1 radian. This dispersion has been interpreted by 
Chandrasekhar and Fermi (1953) and Davis (1951) as a “wäviness” in the magnetic 
lines of force caused by the turbulent motions of the gas masses in the spiral arms. This 
same small dispersion will also introduce a random distribution in the planes of vibration 
for a line of sight parallel to the axis of a spiral arm, such as we observe in Cygnus ; for 
then a small random waviness will present an apparent magnetic field of random direc- 
tion. All the evidence thus far accumulated supports the conclusion that the alignment 

a 

1.0 

08 

0.6 

04 

0 2 

0.0 

Fig. 23.—The relationship of the standard deviation, <r, of the electric-vector alignment and the 
galactic longitude. Note the minimum at Z = 102°, which probably represents the longitude at which the 
spiral arm is observed normal to the axis of the arm. 

force is associated with the Galaxy and that this alignment force is in all cases parallel 
to the galactic plane except for small local dispersions. 

If the conclusion that the alignment force is parallel to the spiral arms is correct, it 
follows that the minimum in Figure 23 should represent that line of sight which is per- 
pendicular to the spiral arms. This minimum at 102° can be compared directly with other 
data. Morgan, Whitford, and Code (1953) have published a model of the Galaxy based 
on their observations of early-type associations. From their Figure 1 the line of sight, 
which is perpendicular to the spiral arm, is estimated to be near 110°. A model of the 
Galaxy derived from 21-cm observations, published by van de Hulst, Muller, and Oort 
(1954), also gives us a value for the quantity in question. From their Figure 11a value 
near 135° is estimated. The value l = 102° is in fair agreement with that determined 
from the O-type associations but appears incompatible with the 21-cm observations. 

One further step could be taken in the interpretation of Figure 23. If the spiral arms 
were linear over the distances considered here, the curve in Figure 23 should be sym- 
metrical about the minimum. The curve is not symmetrical, for it has a smaller slope at 
greater longitudes. This can be interpreted as a curvature in the spiral arm. However, this 
point should not be belabored at this time, since the data at greater longitudes are limited 
and also the assumption is made in this interpretation that the turbulent velocities, the 
strength of the general magnetic field, and the density of the gas and dust are uniform . 

320 40 80 120 
Galactic Longitude 

160 200 
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456 W. A. HILTNER 

Ratio of Polarization to Absorption 

In the theoretical interpretation of interstellar polarization it is of great importance 
to have a reliable upper limit for the ratio of interstellar polarization to interstellar 
absorption. This observed value must then be attained by theory as a minimum condi- 
tion. Up to now, several values have been used in the literature. For example, Greenstein 
(1951) suggested 0.04 for the ratio of polarization to photographic absorption, while van 
de Hulst (1950) used the value 0.055. The latter concluded from preliminary calculations 
that the computed amount of polarization for very long, perfectly aligned ice needles 
with an index of 1.25 is barely sufficient to explain this ratio. 

The large quantity of data in Table 5 should permit an accurate evaluation of this 
ratio. Because of the danger of depolarization when large absorptions are employed and 
because of a possible systematic error in the ratio when small absorptions are used, a 
value based on the data in Table 5 will be derived in a somewhat arbitrary fashion. This 
ratio will then be examined in detail as to whether or not the value is a reasonable one. 

Number 
120- 

FlG. 24.—Histogram of the ratio of the interstellar polarization to interstellar absorption versus the 
number of stars. A value of p/Av = 0.06 is estimated to be the minimum upper value for this ratio. 

The ratio of polarization to absorption was computed for each star. A histogram was 
then constructed in which the number of stars was plotted against the ratio p/Av. The 
mean value for all stars in this catalogue is 0.028. Note that the ratios given in the his- 
togram refer to the polarization with respect to visual absorption at an effective wave 
length near 5400 A. Hence the two values given at the beginning of this section must be 

r Vv //multiplied by 0.77 when compared with the values given in Table 5 and in the histogram. 
^ In setting a maximum value, four sources of error should be considered: (1) errors in the 

measured polarization; this should be negligible, since the polarization measurements 
have a probable error of 0.002 mag.; (2) errors in the measured color; here also the 
observational errors should be negligible, for the color observations have an accuracy 
of 0.01 mag. ; (3) errors in the assumed intrinsic colors either because of errors in Table 
6 or because of the presence of stars with a more blue intrinsic color; (4) error in the ratio 
of total to selective absorption. The more reliable data all support the conclusion that 
the value AvlE^B-v) = 3 is the best that can now be determined and that the error is 
not in excess of 10 per cent. The last two are the greater sources of error and, of course, 
the most difficult to evaluate. With these precautions in mind, the value 0.06 was selected 
with the aid of Figure 24. Twenty-five stars have a ratio equal to, or in excess of, this 
adopted value. 

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



19
56

A
pJ

S 
..

..
 2

. 
.3

89
H

 

OBSERVATIONS OF O AND B STARS 457 

The reasonableness of 0.06, which is 40 per cent larger than the value considered by 
van de Hulst, can be checked by further consideration of the data in Table 5. First, the 
polarization was plotted against the absorption for the fifteen longitude intervals (Figs. 
25 and 26). Note that, for the regions where the electric vector is well aligned, the value 
0.06 for p!Av forms an excellent upper envelope. 

Figure 27 is a diagram in which the standard deviation is plotted as abscissa and the 

Fig. 25.—Relationship of polarization and absorption for seven galactic-longitude intervals. The ab- 
sence of a one-to-one correspondence emphasizes that absorption is a necessary, but insufficient, condi- 
tion for interstellar polarization. The dashed line represents a slope p¡Av — 0.06. 
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458 W. A. HILTNER 

ratio p!Av as ordinate. The general interpretation of this diagram is not immediately 
apparent, for the relationship of pjAv and a must contain many parameters, such as 
field strength, galactic longitude, turbulent gas velocities, and density. But an excellent 
correlation is present in which the ratio p!Av increases as the standard deviation de- 
creases. When this curve is extrapolated out to <7 = 0 (perfect alignment), a value for 
p!Av near 0.06 is indicated. It is to be noted that the average value of pjAv is plotted 
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Fig. 26.—Relationship of polarization and absorption for eight galactic-longitude intervals. Note 
that the dashed line p/Av — 0.06 represents an upper envelope. 

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



19
56

A
pJ

S 
..

..
 2

. 
.3

89
H

 

OBSERVATIONS OF O AND B STARS 459 

in this curve. Hence there is no selection effect present where the larger values oí p/A v 

are given greater weight. 
On the assumption that depolarization is always present because of the absence of 

perfect alignment even under the most favorable conditions, a correlation should exist 
between the ratio p/Av and the amount of interstellar absorption. If this were so, then 
an upper limit for p/Av could be obtained by extrapolating such a curve to = 0. 
Such diagrams for the fifteen longitude intervals are shown in Figures 28 and 29. The 
diagrams do not show anything especially significant except for the Cassiopeia-Perseus 

P/Av 
0.06 

0.05 

0.04 

0.03 

0.02 

0.01 

0.0 
0 0.2 0.4 0.6 0.8 1.0 

a 

Fig. 27.—Relationship of the ratio of polarization to absorption and the standard deviation 

region. Here a correlation is found with the anticipated sign. If the curves for l = 95°- 
102?5 and l = 102?5-110° are extrapolated out to -4^ = 0, the intersection will be 
near p/Av — 0.06 or higher. 

Variation of Polarization with Distance 

In Figure 30 are four diagrams for two longitude intervals. The absorption is plotted 
against the distance in two of the four diagrams, and the polarization is plotted also 
against the distance in the other two. In all four cases little more than a scatter diagram 
is obtained. In the two diagrams oí A v versus distance, the upper right sections are de- 
void of stars because of selection. These diagrams emphasize the weak correlation of 
absorption with distance and the absence of any significant correlation of interstellar 
polarization with distance. 

It is a pleasure to express my appreciation to those who assisted in the preparation of 
the O and B star catalogue. I wish especially to thank Misses Barbara Perkins and Gail 
Moeller, the former for contributing immeasurably in the photometric reductions and 
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Fig. 28. Relationship of the ratio of polarization to absorption and interstellar absorption for seven 
galactic-longitude intervals. 
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Fig. 29.—Relationship of the ratio of polarization to absorption and interstellar absorption for seven 
galactic-longitude intervals. Note that from / = 95° to / = 110° the ratio „ increases with decreasing 
absorption, suggesting the presence of depolarization. 
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the latter for computational assistance and for preparing the catalogue for publication. 
My particular thanks are due Dr. W. W. Morgan for the classification of many spectro- 
grams. The National Science Foundation gave financial assistance, for which apprecia- 
tion is gratefully recorded. 
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Fig. 30.—Correlation of interstellar absorption with distance and the interstellar polarization with 
distance. The upper right sections of the A v versus r (kpc) plots are devoid of stars because of observa- 
tional selection. 
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