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ABSTRACT 

Slit spectrograms of 84 stars to a limiting magnitude of about 12 and of type F2 and earlier in a 
north galactic pole zone were taken with the Mount Wilson 60-inch and 100-inch telescopes in order to 
obtain spectral types, radial velocities, and axial-rotation velocity estimates. U, B, V observations 
of most of these stars were made with the McDonald 36-inch and 82-inch telescopes. 

The principal results are the following : (1) The majority of stars considered belong to the “older popu- 
lation I.” The percentage of halo population II stars to the limiting magnitude of this study is small. 
(2) Sixteen new metallic-line stars were found. The relationship between the spectral classification param- 
eters and the colors of these stars is discussed. (3) Considering only the normal population I stars, the 
estimated rotational velocities suggest that axial rotation may be less at high galactic latitudes than for 
stars of similar spectral type in the neighborhood of the sun. (4) The spectra of 10 of the stars consid- 
ered show decided population II characteristics. These include hot subdwarfs, F- and G-type subdwarfs 
and horizontal-branch stars. Some of these have large radial velocities, but none shows axial rotational 
line broadening. The position of these and other stars on the two-color diagram is discussed. 

I. INTRODUCTION 

Since the discovery of a number of faint blue stars at high galactic latitudes by Huma- 
son and Zwicky (1947), there has been a considerable amount of interest in the early-type 
stellar representation in the galactic halo. Colorimetric, proper-motion, and objective- 
prism surveys have been carried out by a number of investigators, with special emphasis 
on the bluest stars. The spectrographic studies of Greenstein (1956, 1959) and Münch 
have shown that a variety of objects is to be found at large distances above the galactic 
plane, including hot subdwarfs, white dwarfs, horizontal-branch stars, F-G subdwarfs, 
and normal population I stars. 

A finding list of 601 stars of spectral type F2 and earlier in a north galactic pole region 
was prepared by Slettebak and Stock (1959) from objective-prism plates taken with the 
Hamburg Schmidt telescope, in order to serve as a source for more detailed studies of the 
halo population. The present paper describes spectrographic results obtained at the 
Mount Wilson Observatory by one of us (A.S.) in 1958 and t/, B, V photometry carried 
out by the remaining authors at the McDonald Observatory in 1960 for 84 stars in the 
finding list. 

II. SPECTROGRAPHIC OBSERVATIONS AND PROCEDURE 

The stars included in this study were selected in two ways: (1) All stars listed in the 
Hamburg survey as brighter than photographic magnitude 11.5 in a given zone were ob- 
served. The zone chosen covered a(1950) = 12h28m to 13h0m and 0(1950) = +30° to 
+50° and included 60 stars. (2) A number of stars in and outside this zone, some of 
which are fainter than the afore-mentioned magnitude limit, were observed because they 
promised to have interesting spectra. Spectra of 24 such stars were obtained. Spectro- 
graphic observations were made with three telescopes: 
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1. With the exception of 10 faint objects, one spectrogram of each star was taken 
with the Mount Wilson 60-inch reflector. The 4-inch camera of the X spectrograph was 
employed, with a scale of 80 A/mm and a slit width of 20 /x at the plate. The latter were 
baked Kodak IIa-0 plates. 

2. The spectra of 10 faint stars were obtained with the Mount Wilson 100-inch re- 
flector. Baked Kodak IIa-0 plates were used with the 3-inch camera of the Newtonian- 
focus spectrograph. The scale was 85 A/mm and the slit width at the plate 27 /x. 

3. The Perkins 69-inch reflector was employed to obtain spectrograms of 12 of the 
brighter stars. The Pa camera on the two-prism spectrograph gives a dispersion of 28 
A/mm at H7, with a projected slit width of 22 p. Kodak 103a-O plates were used. 

a) Spectral Classification 

The primary objective of this investigation was to analyze the early-type stellar popu- 
lation at large distances above the galactic plane, in order to determine the relative im- 
portance of the disk and halo stars. This meant, first, that a set of spectrograms suitable 
for spectral classification, including standard stars, had to be obtained. These spectro- 
grams were taken with the Mount Wilson 60-inch telescope and were widened to 0.4 or 
0.5 mm on the plate (depending on the brightness of the star). The MK standard stars, 
plus standards for metallic-line and peculiar A-type stars, are listed in Table 1. In addi- 

TABLE 1 

Standard Stars 

I. MK standards: 
B3 V, 16 Peg 
B5 V, p Aur 
B5 V, X Cyg 
B5 V, K Hya 
B6 V, 30 Sex 
B7 V, a Leo 
B8V, f Peg 
B9 V, a Del 
A0 V, a Lyr 
A0 V, HR 3314 
A0 V, 109 Vir 
A0 V, 7 UMa 
A0 IV, 7 Gem 
A0 III, a Dra 

II. Metallic-line star standards: 
f UMaB 
€ Ser 

HI. Peculiar A-type standards: 
a CVn A 73 Dra 
X Ser 7 Equ 

tion to these, spectrograms of the F-type subdwarf HD 140283; of the intermediate- 
population, high-velocity, A-type star HD 161817; and of RR Lyrae at maximum and 
minimum light were taken for comparison with population II objects. 

The spectral types are listed in Table 2. In most cases only one 60-inch spectrogram 
was used, as indicated by a single Xf plate number. The classification of some of the 
brighter stars was based also on 69-inch spectrograms; these also have a Pa plate number 
in Table 2. Those stars for which only a 100-inch plate was available are indicated by a 
B plate number. The classification of the latter stars is uncertain because no standard 
stars were taken with the same spectrograph for comparison purposes and because the 
spectrograph was not in perfect adjustment. 

Al V, HR 7784 
A2 V, 0 Leo 
A3 V, X Gem 
A4 V, $ Leo 
A5V, 80 UMa 
A7 V, i UMa 
A7V, 21 L Mi 
F0 V, p Gem 
F2 V, <r Boo 
F2V, 78 UMa 
F5V, 45 Boo 
F5 V, i Peg 
F7 V, 0 Boo 

f Lyr A 
15 Vul 
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SPECTRA AND COLORS 201 

b) Radial Velocities 

Despite the fact that only one low-dispersion (80 A/mm) spectrogram per star was 
available for most of the stars included in this study, it was decided to measure radial 
velocities for all stars not included in the General Catalogue of Stellar Radial Velocities 
(Wilson 1953). Although the accuracy of a given radial-velocity determination is not 
high, these measures should have some significance in the mean and also permit the 
segregation of stars of especially high velocity. 

Since most of the stars are of A type, the number of spectral features which can be 
used for radial-velocity measures with low-dispersion spectrograms is limited. For most 
of the stars five Balmer lines, plus the Ca n K line when the latter was visible, were used. 
In addition, the Her 4026 and 4471 lines were measured for a few of the early-type 
stars, and the Mg u 4481 plus one or two strong Fe i lines for some of the later-type and 
metallic-line stars. Those brighter stars for which 69-inch spectrograms were available 
and which are not in the General Catalogue were also measured on Pa plates. 

A comparison of the 4-inch camera X spectrograph radial-velocity determinations for 
12 stars with radial velocities listed in the General Catalogue showed that a correction of 
+ 13.5 km/sec to the measured values was necessary to reduce them to the system of the 
General Catalogue. Although the correction is large, it is in line with similar corrections 
determined by Dr. Helmut Abt for the 8-inch and 16-inch cameras of the X spectro- 
graph in 1959-1960: —7.0 km/sec for 4 plates taken with the 8-inch camera and +3.2 
km/sec for 16 plates taken with the 16-inch camera (Abt 1960). The corrected radial 
velocities and the corresponding probable errors of the determinations are listed in 
Table 2. 

c) Rotational Velocities 

Rotational velocities for the stars in this survey were estimated by comparing line 
profiles visually with those of stars with measured rotational velocities. The stars in 
Table 1 were used as standards of axial rotation (Slettebak 1954, 1955; Slettebak and 
Howard 1955) for the Xf plates, and a number of additional standards used for the Pa 
plates. 

It was determined that stars with a sin ¿ ^ 50 km/sec could not be distinguished from 
sharp-lined stars on most Xf plates but that a rotational velocity of about 75 km/sec was 
usually discernible. Most stars with apparently sharp lines have therefore been listed 
with a sin ¿ < 50 km/sec in Table 2, although the upper limit was raised to 75 and even 
100 km/sec in a few cases of inferior plate quality. For Pa plates, values of v sin i near 
25 km/sec are just on the threshold of detectability for good-quality plates. 

III. PHOTOMETRY 

During January and February, 1960, U, B, V observations for all but a few stars in 
Table 2 were made with the 36-inch and 82-inch reflecting telescopes of the McDonald 
Observatory. All stars were observed twice, with the exception of 10 stars which are 
marked with an asterisk in Table 2. Although all the nights used were not of the first 
quality, the internal agreement for stars with two observations is good. The blue-ultra- 
violet colors for the standard stars did not transform well from the instrumental system 
to U — B, resulting in an uncertainty in the zero point of ±0^02, although the scale 
should be accurate. For the stars which were observed twice, the mean errors for one 
observation are the following: V : ±0na011; B — V : ±0^007; U — B : ±0I!a008. The 
two-color diagram for the stars observed is shown in Figure 1. 

IV. RESULTS AND DISCUSSION 

a) Spectra and Colors of Population 1 Objects 

1. A glance at Table 2 shows that the majority of stars included in this survey are 
normal stars which are on, or somewhat above, the main sequence plus a number of 
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metallic-line stars and peculiar A-type and F-type stars. In the terminology of the Vati- 
can Conference on Stellar Populations (O’Connell 1958), these stars may be classified as 
“older population I” objects. The two-color diagram shown in Figure 1 corroborates the 
spectral classification on this point: most of the stars lie along the curve for normal main- 
sequence stars (except for the metallic-line stars, which lie in their usual place beneath 
the curve for main-sequence stars) and show no color peculiarities. Evidently the per- 
centage of halo population II stars at high galactic latitudes is small to a limiting photo- 
graphic magnitude of 11.5. 

2. Sixteen new metallic-line stars are listed in Table 2, of which 12 are located in the 
zone in which all early-type stars were observed. A comparison of the number of metallic- 

U-B 

B-v 

Fig. 1.—The two-color diagram for the galactic pole stars included in this study. The solid line repre- 
sents the unreddened main sequence 
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line stars relative to the number of population I stars of equivalent K-line type in this 
zone with the corresponding ratio for stars near the sun (Slettebak 1954, 1955) shows a 
higher percentage of metallic-line stars at high galactic latitudes (Slettebak 1960). When 
the comparison is made with normal main-sequence stars of equivalent absolute magni- 
tude, however, so that the figures refer essentially to equal volumes of space, the percent- 
age of metallic-line stars at high galactic latitudes is found to be only slightly higher than 
in the neighborhood of the sun. In view of the small sample considered, it must be con- 
cluded that the present study presents insufficient evidence to suppose that the relative 
numbers of metallic-line stars near the sun and at high galactic latitudes are different. 

Plots of the K-line, Baimer-line, and metallic-line types versus the B — V and 
U — B colors were made. The best correlation was found to exist between the Balmer- 
line types and B — V colors, as shown in Figure 2. Much of the scatter in this diagram 
can probably be understood in terms of the difficulty of assigning B aimer-line types with 
an accuracy within one-tenth spectral class. A similar diagram in which metallic-line 

Fig 2 —The correlation between Balmer-line types and B — V colors for the galactic pole metallic- 
line stars (the spectroscopic binary HD 110326 is omitted) 

types are plotted against B — V colors shows a mild correlation in the same sense as in 
Figure 2, but the scatter is much larger. The plots of the K-line versus B — V colors, as 
well as those showing all three classification parameters versus U — B colors, show no 
correlation whatsoever. 

The correlation between B — V colors and Balmer-line types for metallic-line stars in 
the neighborhood of the sun was pointed out by C. and M. Jaschek (1957, 1959). Their 
results indicate that metallic-line stars of a given Balmer-line type have very nearly the 
same B — V colors as normal main-sequence stars of that spectral type. As may be seen 
in Figure 2, the present results suggest that metallic-line stars of a given Balmer-line type 
are somewhat redder than main-sequence stars of that type. They are considerably too 
blue for their metallic-line types, however, and, in view also of the smaller scatter with 
B — V oi their Balmer-line types, the latter would still seem to be physically the most 
significant. 

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



19
61

A
pJ

...
13

4.
.1

95
5 

204 ARNE SLETTEBAK, KLAUS BAHNER, AND JÜRGEN STOCK 

b) Spectra and Colors of Stars Showing Population II Characteristics 

The spectra of ten of the stars in Table 2 show one or more of the following population 
II characteristics: weakened metallic lines, large radial velocity, and little or no axial 
rotation. Three additional stars show these characteristics to a lesser degree. The popula- 
tion nature of some of these stars is confirmed by their positions in the two-color diagram 
in Figure 1. A discussion of these stars follows. 

1. Hot subdwarfs.—Two of the stars in Table 2 are hot subdwarfs: NGP 177 and 
BD+25°2534. The former was independently discovered by Feige (1958) and is No. 65 in 
his list, while the latter was first noted as very blue by Malmquist (1927) and is No. 299 
in his catalogue and also No. 66 in Feige’s list. 

NGP 177 shows the weak, broad, diffuse Balmer lines that are typical of the hot sub- 
dwarf, together with the presence of He i 4471 and, more faintly, He i 4026. The last 
visible Balmer line is HI2, and the ultraviolet continuum is quite strong, with no evi- 
dence of the Balmer discontinuity. The Ca n K line is not visible on our plate. Estimates 
of the radial velocity and rotational velocity of this star were not possible. 

The spectrum of +25°2534 is similar to that of NGP 177 but differs in particulars. The 
Balmer lines appear to be somewhat weaker, and the last visible Balmer line is Hll on 
our plates. Hy and possibly Hô appear to have sharp absorption cores, much like the 
Balmer lines in certain B-type shell stars. The helium lines at X 4026 and X4471 are 
stronger than in NGP 177, and faint features are visible near X 4200 and X 4686 which 
are probably due to He n. A broad and diffuse feature is weakly present at the position 
of the Ca n K line. The He 14471 line looks sharp and suggests a low rotational velocity 
(< 75 km/sec). The radial velocity of +25°2534 was measured as +3 km/sec. Although 
this is not an accurate determination in view of the small plate scale, it seems certain that 
the star does not have a very large radial velocity. 

Both these stars are very blue, as may be seen in the two-color diagram in Figure 1. 
They lie very close to the curve for the normal main sequence and do not show the ultra- 
violet excesses referred to by Feige (1958). It would seem to be impossible to segregate 
stars such as these from normal unreddened early-type stars purely by the colorimetric 
approach. 

2. F- and G-type subdwarfs.—Stars Nos. 9, 12, 16, 53, and 73 (and, to a lesser extent, 
70) in Table 2 show the typical spectra of the later-type subdwarfs. Spectral types as- 
signed to these stars on the basis of the absolute intensities of the Balmer lines would all 
fall in the range early F to G, and in every case the metallic lines are very weak relative 
to the Baimer-line types. Although it was not always possible to make a rotational-veloc- 
ity determination, none of these stars showed any conspicuous line broadening. Radial- 
velocity measurements for two of the stars (Nos. 12 and 73) show large negative radial 
velocities. 

All these stars show the ultraviolet excesses that are characteristic of the later-type 
subdwarfs, as may be seen in the two-color diagram in Figure 1. The well-known F-type 
subdwarf HD 140283 is plotted in the diagram for comparison purposes (Roman 1955). 
Of special interest is No. 73 (NGP 232) with & B — V color like that of a middle A-type 
star and a corresponding ultraviolet excess of about 0.8 mag. Although it is set apart 
from the other late-type subdwarfs on the two-color diagram, its spectrum is very similar 
to the others and shows no outstanding peculiarities on our plates. 

3. Horizontal-branch stars.—During the course of objective-prism surveys at the Ham- 
burg Observatory (Slettebak and Stock 1957, 1959; Hardorp, Rohlfs, Slettebak, and 
Stock 1959), two rather faint stars at high and intermediate galactic latitudes were 
found which showed the sharp density break at the Balmer limit that is characteristic of 
supergiant stars of A type. The two stars are Nos. 10 (BD+32°2188) in the galactic pole 
zone, and 84 (BD+39°4926) in Lacerta. Both stars show spectra that are decidedly not 
normal and also unlike those of the other population II stars considered thus far. 
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Like A-type supergiant stars, they show the sharp Baimer break already referred to 
and weak Balmer lines. All metallic lines are weak, however, including the Fe n and 
other lines that are characteristic of high-luminosity stars. Unlike the hot subdwarfs, the 
Balmer lines are sharp and deep and are visible to H19 in +32°2188 and to H20 in 
+39°4926, on our plates. 

The more extreme of the two stars is +32°2188, whose Balmer lines are similar to 
those of an F2 V star. Only a few metallic lines are visible, including very weak features 
near Mg n 4481 and Fe n 4233 and a weak and diffuse feature near the Ca n K line. 
He i 4026 also appears to be faintly present. 

The Balmer lines of +39°4926 are similar in strength to those of an A7 V star but 
without the Stark wings of the latter. The only metallic line that is clearly visible is a 
very sharp Ca n K line which is equal in strength to that in an AO-type star. 

The spectra of these two stars most nearly resemble those of the globular-cluster 
horizontal-branch stars. In 1958, Dr. Guido Münch very generously permitted one of us 
(A.S.) to examine his spectrograms of a number of stars to the blue of the RR Lyrae gap 
in the horizontal branches of the globular clusters MIO, M13, Ml5, and M92. The ma- 
jority of his stars show the sharp and deep Balmer lines, the sharp density break at the 
Balmer limit, and the general weakness of metallic lines that characterize the spectra of 
+32°2188 and +39°4926. Greenstein (1959) has found other stars of this type in the 
galactic halo. 

In the two-color diagram in Figure 1, +32°2188 lies on the normal main-sequence line 
at a B — F color corresponding to about type B8, while +39°4926 is redder, with a 
slight ultraviolet deficiency. The colors of both stars are somewhat uncertain, however. 

Additional population II characteristics of these stars are their rotational and radial 
velocities. Both stars have sharp lines on our plates (v sin f < 50 km/sec), in agreement 
with observations showing that objects of this type are characterized by small axial rota- 
tion (Greenstein 1956). The radial velocity of +32°2188 is +100 km/sec, making this a 
high-velocity object. The radial velocity of +39°4926 is smaller, —27 km/sec. 

4. HD 106223.—The star HD 106223 (No. 13 in Table 2) was noted by Bidelman 
(1951) as showing the spectroscopic characteristics of the A-type subdwarfs. Later, the 
Burbidges (1956) studied the star as one of five which showed some population II char- 
acteristics. The spectrum of HD 106223 is not unlike that of the horizontal-branch star 
+32°2188, in that the Balmer lines correspond to spectral type early F, while the metallic 
lines are much too weak for this type. There are important differences, however: HD 
106223 does not show a sharp and strong Balmer jump; it does show axial rotation (v sin 

100 km/sec); it is not a high-velocity object (Burbidge and Burbidge 1956); and it 
occupies a different place in the two-color diagram. Figure 1 shows the star with a 
B — V color corresponding to spectral class F0 and an ultraviolet excess for that class. 
HD 106223 is seen to occupy an adjacent position to the F-type subdwarfs in the two- 
color diagram, and there are spectroscopic resemblances also, but again differences in 
axial rotation and space motions exist. It would seem that this star represents a mixture 
of population I and II characteristics, as the Burbidges (1956) have pointed out. 

c) Axial Rotation 

1. Considering only the normal population I stars in Table 2, the estimated rotational 
velocities suggest that axial rotation may be less at high galactic latitudes than for stars 
of similar spectral type in the neighborhood of the sun. The 19 normal A0-A7 V stars in 
Table 2 in the magnitude range between 8.0 and 11.6 have a mean observed v sin i of 91 
km/sec. This figure may be compared with a corresponding value of 138 km/sec for 
99 A0-A7 V stars in the neighborhood of the sun (Slettebak 1954,1955). Since the galac- 
tic pole sample is very small and the rotational-velocity estimates are based on low-dis- 
persion plates, this suggestion must be considered as tentative, to say the least. 

2. No star with population II characteristics in Table 2 shows rotational line broaden- 
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ing on our plates, with the exception of HD 106223, which was discussed in Section 
IV, b, 4. 

d) Radial Velocities 

1. The existence of large radial velocities for some of the population II stars (F-type 
subdwarfs, horizontal-branch stars) in Table 2 has already been dissussed. These stars 
are not present in sufficient numbers in this study to permit a statistical discussion. 

2. Attention should be called to three stars with apparently normal population I main- 
sequence spectra which have quite large radial velocities. The B7 V stars +49°2137 and 
HD 110166 have measured radial velocities of +135 and —64 km/sec, respectively, but 
both show considerable axial rotation and have normal spectra. The AO V star HD 
109995 has a measured radial velocity of —133 km/sec. The metallic lines are somewhat 
weak for this type, but the spectrum is not unlike that of a Lyrae. 

3. A comparison of the distribution of radial velocities of the fainter normal A-type 
stars in Table 2 with that of similar stars close to the galactic plane shows that both the 
average radial speed and the radial-velocity dispersion are larger for the former. The 
faint normal A-type stars included in this study appear to have intermediate-velocity 
characteristics. No such effect was found for the fainter normal F-type stars in Table 2, 
which appear to have velocity characteristics similar to stars of corresponding type near 
the galactic plane. In both cases the sample is quite small, however. 

In conclusion, one of us (A.S.) would like to thank Dr. I. S. Bowen for courtesies ex- 
tended at the Mount Wilson and Palomar Observatories as a guest investigator in the 
spring of 1958. I am also indebted to Dr. Guido Münch for permission to examine his 
plates, and to Drs. Münch, A. D. Code, J. Greenstein, and Helmut Abt for helpful dis- 
cussions. Dr. W. W. Morgan very kindly read the manuscript and made a number of 
valuable suggestions. Mrs. Rosemary Mardis assisted with the radial-velocity reductions. 
A grant from the National Science Foundation in support of the spectroscopic portion of 
this investigation is gratefully acknowledged. 
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