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RADIAL VELOCITIES OF 283 STARS OF SPECTRAL 

CLASSES R AND N* 

Roscoe F. Sanford 
Mount Wilson Observatory 
Received December 2, 1943 

ABSTRACT 
Radial velocities of 283 stars of spectral classes R and' N are given in Table 1. By intercomparison 

with velocities obtained from spectrograms of high dispersion, these are found to be free from systematic 
errors. Thirty-four class-N stars (28 known to be light-variables) with emission lines of hydrogen have 
a mean difference of —20.4 ± 0.9km/sec between the velocity from the emission lines (mostly Ha 
alone) and that from the absorption lines. 

Galactic concentration is marked for class-N stars, slight for class-R. 
Mean absolute magnitudes of —2.3 ± 0.2 for class-N stars and of —0.4 ± 0.4 for class-R stars have 

been derived from differential galactic rotation. 
Interstellar sodium lines.—The radial velocities of 2 class-N stars and 4 class-R stars are sufficiently 

large to separate the stellar from the interstellar sodium lines. Velocities and approximate values of the 
equivalent widths have been derived from the interstellar lines. The distances and absolute magnitudes 
have been obtained from the equivalent widths. The mean magnitude for the 2 class-N stars is —1.8 and 
for the 4 class-R stars, 0.0. 

Stars of high velocity.—Table 4 contains 1 class-N star and 7 class-R stars, whose velocities, when freed 
from solar motion, are numerically larger than 100 km/sec. All 7 class-R stars have spectra with strong 
g-bands, but with few atomic lines. 

A catalogue of radial velocities, mostly of stars of spectral classes N and R, was pub- 
lished by the writer eight years ago in Mount Wilson Contributions, Ño. 525.1 This cata- 
logue contains 191 stars, of which 187 were observed at Mount Wilson and 4 at Santiago, 
Chile, by the D. O. Mills Expedition. The distribution in type is: class N, 147 stars; 
class R, 40; class S, 3; peculiar, 1. 

Some of these velocities were measured with the Hartmann spectrocomparator, but 
most of them with a micrometer measuring engine. The velocities for the standards used 
on the Hartmann spectrocomparator were based upon velocities obtained by J. H. 
Moore2 for class-N stars and upon those obtained by W. C. Rufus3 for class-R stars. For 
the micrometer, lines were chosen and their wave lengths determined on the basis of 
Moore’s velocities for class N and Rufus’ velocities for class R. 

In Mt. W. Contr. No. 525 it was concluded that Moore’s velocities for class-N stars 
and those derived both by the Hartmann comparator and by micrometric measurement 
at Mount Wilson needed a systematic correction of — 7 km/sec, and this correction was 
applied. The velocities of class-R stars appear as measured originally. 

Observations of class-N and class-R stars were resumed at Mount Wilson in 1^35 and 
have been continued when conditions permitted during the next eight years. Improved 
photographic plates, especially the Eastman 103 F-emulsion for the yellow-red region, 
have greatly facilitated observing the fainter stars and have made it possible to observe 
many of the brighter stars with high dispersion. 

Spectrograms of the faint stars of* class N having a dispersion of 65 A/mm were ob- 
tained in the yellow-red region with the Cassegrain plane-grating spectrograph.4 For 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washington, No. 689. 
'Ap. J., 82, 202, 1935. 
2 Lick Obs. Bull., 10, 79, 1923. 
3 Pub. Astr. Obs. U. Michigan, 2, 45, 1916. 
4 Mt. W. Contr., No. 432; Ap. J., 74, 188, 1931. 
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class R, spectrograms with a dispersion of about 70 A/mm at Hy for the brighter stars 
and 100 A/mm for the fainter ones were obtained in the blue-violet region with one- 
prism spectrographs. Spectrograms (dispersion either 20, 10, or 5.9 A/mm) of 30 bright 
class-N and 10 bright class-R stars have been obtained with the coudé plane-grating spec- 
trograph. 

Additional velocities are now available for 1Q6 of the stars in Mt. W. Contr. No. 525 
and for 45 class-N and 48 class-R stars not previously measured. These 93 stars, observed 
for the first time, were largely selected from the Henry Draper Catalogue and from the 
lists of discoveries made by objective prism at Mount Wilson5 and at the Dearborn Ob- 
servatory.6 The improved values for velocities in Contribuiion No. 525, together with the 
velocities for the 93 other stars, make it desirable to issue a completely new catalogue. 

The catalogue.—All stars of classes N and R with measured radial velocities are listed 
in Table 1. Of the 283 stars included, all have been observed at Mount Wilson except 
4 class-N stars observed at Santiago, Chile. The designation MSB indicates the Mount 
Wilson lists of stars discovered on objective-prism plates;6 Lee indicates stars similarly 
discovered at the Dearborn Observatory.6 

The magnitudes have been taken from various sources. Visual magnitudes for non- 
variable stars are from the Henry Draper and Bonner Durchmusterung catalogues, from 
the Dearborn Observatory Annals, and, lastly, if no value is available, from estimates by 
the writer at the finder or at the guiding telescope. These estimates are in parentheses. 
The magnitudes for the maxima and minima of variable stars are, for the most part, from 
Schneller’s “Catalogue and Ephemeris of Variable Stars.”7 Photographic magnitudes are 
underscored. 

All the stars are placed in one or the other of the Harvard spectral classes N or R. 
Those in class N have not, however, been subdivided with the letters a, b, and c, as in 
the Harvard classification, or with the numbers 1-9, as in C. D. Shane’s8 classification. 
Only the broad classification N has been used, with e appended when the spectrum has 
bright lines and p when the spectrum is peculiar. 

Keenan and Morgan9 have published a new system of classification for stars with car- 
bon bands. Two of the data which they use as criteria are given in Table 1; the eleventh 
column contains estimates of the strength of the D lines on an arbitrary scale of 1-9, and 
the twelfth column, estimates of the strength of the Swan band-head at X 6192 on a scale 
of 1-5. By means of these two columns at least a rough conversion of class-N stars to the 
classification of Keenan and Morgan can be made, if desired. 

The subdivisions of class R in the tenth column of Table 1 resemble closely those of 
the Henry Draper Catalogue, except that the progression in the strength of the isotope 
bands of C^C13 has here relatively more influence. These class-R stars may be put into 
Keenan and Morgan’s classification by using the nearly linear relation which it bears to 
the Henry Draper classification.10 

Although their classification may provide a better temperature sequence than the 
Harvard classification, it is still unsatisfactory in some respects; it seems not to be con- 
sistent with the observed relatively low intensity of the D lines in the spectrum of some 
extremely red class-N stars, like VX Andromedae, for example. The contents of the tenth, 
eleventh, and twelfth columns may therefore serve as a compromise classification until 
such difficulties are removed. 

The mean absorption-line velocities in Table 1 have been formed with appropriate 

* Pub. A.S.P., 45, 306, 1933; 54, 107, 1942. 
6 Dearborn Obs. Annals, 4, Part 16, 1940. 
7 Kleinere Vero ff. Sternwarte Berlin-Babelsberg, No. 21, 1939. 
8 Lick Obs. Bull., 13, 123, 1928. 
9 Ap. J., 94, 501, 1941. io Ibid., Fig. 1. 
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weight for the velocities of class-R stars by Rufus and of class-N stars by Mpore. A sys- 
tematic correction of —7 km/sec was first applied to Moore’s values. 

The letters accompanying the velocities express the writer’s judgment of the probable 
accuracy. The uncertainties are about as follows: a, 1 km/sec; b, 2-3 km/sec; c, 4-5 km/ 
sec; d, 6-8 km/sec. Velocities with the letter e usually depend upon a single low-dis- 
persion spectrogram taken primarily to check the spectral classification. It was not prac- 
ticable to obtain more spectrograms. The underscored velocities depend largely or 
wholly upon those obtained from coudé spectrograms. The emission-line velocities in the 
last column of Table 1 are derived for the most part from Ha. 

The radial velocities from absorption lines.—The velocities of class-N and class-R stars 
in Table 1 are on the same basis as those in Mt. W. Contr. No. 525. Before using these 
velocities it had to be ascertained whether they were free from systematic errors, which 
was done by comparing the velocities obtained with the coudé spectrograph with those 
for the same stars with the smaller dispersions. 

The velocities from coudé spectrograms could be so used because experience has shown 
that this spectrograph is practically free from instrumental errors and because the follow- 
ing considerations assured accurate wave lengths for the absorption lines used for veloc- 
ity measurement. Many atomic lines with well-known wave lengths are well isolated for 
measurement in the blue-violet region of classes N and R and in the yellow-red region of 
early class R. Lines of comparable quality in the yellow-red region of the spectrum of 
late class-R and class-N stars belong to the band spectrum of cyanogen. Wave lengths for 
these lines were obtained by referring them to the lines in the neon comparison spectrum 
on a coudé spectrogram of the carbon arc. Comparison showed that the weighted mean 
difference, coudé minus low dispersion, for 26 suitably observed class-N stars is — 0.4 ± 
0.6 km/sec and for 7 class-R stars +0.0 + 0.8 km/sec. There appears, therefore, no 
reason to apply systematic corrections to the velocities of class-R or class-N stars obtained 
with lower dispersion. 

Velocities from bright hydrogen lines.—Thirty-four stars of class N with hydrogen emis- 
sion lines appear in Table 1. All are known variable stars with the exception of six of the 
Mount Wilson objective-prism discoveries and one of Lee’s stars. These also may turn out 
to be variable when adequately observed. At any rate, the evidence is strong that emis- 
sion lines of hydrogen are favored by variability. Sufficient spectroscopic observations 
have been made at all phases of a number of these variables to show that the emission 
lines are at their maximum strength near maximum light and practically vanish for a 
considerable interval before and after fight-minimum. 

For the most part, the emission-fine velocity has been derived from Ha alone. This 
velocity is invariably smaller algebraically than the absorption-line velocity. The weight- 
ed mean difference (emission minus absorption) for these 34 stars is — 20.4 ±0.9 km/sec. 
The correlation of this difference with the length of the period of fight-variation is weak, 
there being, perhaps^ a slight tendency to larger negative values for the longer periods. 

Galactic distribution.—Stars of class N are plotted by galactic co-ordinates in Figure 1, 
which shows marked galactic concentration; only about 10 per cent of the stars are more 
than 30° from the galactic plane, and these are predominantly bright stars whose real dis- 
tances from the plane cannot be great. In contrast, stars of magnitude 9.0 or fainter fie 
for the most part within 10° of the galactic plane. The galactic concentration of stars of 
class R (Fig. 2) is not marked. 

The mean absolute magnitudes.—Studies of the motions of distant celestial objects have 
amply demonstrated the differential effects of galactic rotation. This rotation produces 
a double sine-curve of velocity variation for the 360° of galactic longitude. Previous val- 
ues of the semi-amplitude of this curve for a distance of 1000 parsecs range from 15 to 
about 20 km/sec. A recent discussion by R. E. Wilson11 of the best available data gives 
17.7 km/sec/kiloparsec. 

nMt. W. Contr., No. 631; Ap. 92, 170, 1939. 
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158 ROSCOE F. SANFORD 

Within 30° of the galactic plane there are 171 stars of class N whose velocities can be 
studied for evidence of galactic rotation. Only HD 189711 was omitted on account of its 
outstandingly large velocity. These velocities, freed from solar motion (apex a 270°, 
8 +28°, and F0 = 20 km/sec), have been gathered into thirteen velocity means (Ta- 
ble 2). The last column shows the mean radial velocity freed from solar motion and re- 
duced to mean apparent visual magnitude 8.3. The effect of differential galactic rotation 
is evident from the plot of the data of Table 2 in Figure 3. 

TABLE 2 

Normal Velocities—Class N 

No. of Stars m. 

13. 
11. 
20. 
10. 
11. 
8. 

13, 
16 
24. 
18. 
13. 
8. 

10. 

7.5 
8.9 
8.3 
9.0 
8.2 
8.3 
9.2 
8.5 
8.9 
8.5 
7.9 
7.8 
7.8 

358° 
32 
49 
72 
88 

113 
132 
150 
170 
190 
218 
295 
328 

-9° 
0 

-1 
+ 1 
-7 
-2 
+4 

0 
0 
0 

+5 
+5 
+2 

+17.4 km/sec 
+ 17.8 
+ 12.0 
- 5.7 
-24.7 
-20.0 
+ 4.0 
+ 5.4 
+13.0 
+ 19.1 
+ 8.4 
-11.3 
+ 3.8 

240 200 160 120 80 40 0 320 280 
GALACTIC LONGITUDE 

Fig. 3.—The mean velocities of class-N stars in Table 3 are plotted as dots and connected with 
straight lines. The mean velocities of class-R stars in Table 4 are plotted as circles; they have been cor- 
rected for K and dV (p. 159) and reduced to visual magnitude 9.8 (general absorption included). 

The mean distance, r, for class-N stars of magnitude 8.3 has been derived from the 
data of Table 2 by a leastrsquares solution of the conditional equation for differential 
galactic rotation: 

rA sin 2(1 — l0) cos2 b = p , 

wherein A = 17.7 km/sec/kiloparsec,/o = 325°, and / and p are from Table 2. The values 

of in the fourth column differ so little from zero that cos2 b was assumed to be unity. 
The mean distance found for class-N stars of apparent visual magnitude 8.3 is 1.10 + 
0.08 kiloparsecs. The evaluation of the mean absolute magnitude depends to some extent 
upon what value is adopted for general absorption per laloparsec. If 0.35 visual magni- 
tude is assumed, the mean absolute visual magnitude becomes —2.3 + 0.2. This may be 
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RADIAL VELOCITIES OF R AND N STARS 159 

compared with —1.88 derived by R. E. Wilson12 from proper motions and the radial 
velocities of the earlier catalogue. 

Table 3 gives thirteen mean velocities derived from 62 stars of class R in the same way 
as the data for class N in Table 2. HD 187216* and HD 209621 were omitted because of 
their large velocities, p is for mean apparent visual magnitude 9.0. Inspection shows evi- 
dence of differential galactic rotation, but a lack of symmetry with respect to the axis of 
zero velocity suggested including the well-known ¿-term and a correction to Vo, the 

TABLE 3 

Normal Velocities—Class R 

No. of Stars tn 

10. 
4. 
3. 
6. 
3. 
7. 
3. 
3, 
6. 
2. 
2. 
7. 
6. 

9.9 
8.8 
9.4 
8.8 
9.5 
8.5 
9.6 
9.3 
9.2 
8.4 
8.4 
9.4 
8.4 

7° 
30 
52 
73 
90 

127 
139 
163 
185 
214 
315 
329 
348 

- 3° 
+ 6 
+ 10 
-10 
- 3 
+ 6 

0 
+18 
+ 15 
+ 10 
+ 12 
- 8 
-12 

+ 14.1 km/sec 
+ 2.8 
+ 7.4 
- 7.7 
-14.0 
-14.3 
-11.0 
+ 2.6 
+ 4.3 
+ 2.6 
+ 3.9 
-13.7 
+ 2.9 

adopted solar motion, in making the solution for differential galactic rotation. A condi- 
tional equation of the form 

K + dV cos (/- 20°) + JA sin 2(1- h) = p 

was used (b assumed to be 0). Least-squares solution gave 

K = —3.5 +1.3 km/sec, 

^F = +1.9 +1.6 km/sec, 

r = 0.67 + 0.10 kiloparsecs. 

This mean distance is for a mean apparent visual magnitude 9.0. Absolute visual mag- 
nitude — 0.4 + 0.4 for class-R stars follows from the above mean distance and mean 
magnitude, if we use a general absorption of 0.35 mag. per kiloparsec. Wilson’s13 value 

is If = -0.50 + 0.20. . ... 
The value of K might be interpreted as evidence of a systematic error in the velocities 

if it were not that intercomparison of velocities from spectrograms of high and low dis- 
persion has shown no such error. No obvious explanation is at hand. 

The value dV is only slightly larger than its probable error; hence, the use of a value 
differing significantly from the +20 km/sec actually applied for solar motion receives 
scant justification. 

The values of p in Table 3 have been corrected for K and dV, derived above, and then 
made to correspond to a mean visual magnitude of 9.8 (corrected for general absorption). 

12 if/. W. Contr., No. 631; Ap. 92, 188, 1940. 
13 Mt. W. Contr., No. 618; Ap. J., 90, 492, 1939. 
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160 ROSCOE F. SANFORD 

The resultant values for p, plotted as circles in Figure 3, are in fair accord with the values 
for class-N stars of mean visual magnitude 7.9 (8.3 uncorrected). This should be true, 
since class-R stars, which are fainter than class-N stars by the difference of their absolute 
magnitudes (1.9), should be at the same'distance and therefore give similar curves for 
differential galactic rotation. 

Table 4 contains those stars whose velocities after correction for solar motion are nu- 
merically larger than 100 km/sec. 

TABLE 4 

Stars of High Velocity 

Star Spect. Vel. from 
Abs. Lines 

HD 5223*. 
HD 13826* 
Lee 107.. 
HD 112869*. 
HD 187216.. 
HD 189711.. 
HD 209621*. 
HD 224959.. 

8.8 
8.3-9 

11.3 
9.2-9 

9.6 
8.7 
8.8 
9.9 

R3 
R0 
R5 
R6p 
R3 
N1 
R3 
R0 

■228 km/sec 
■163 
■137 
•135 
■129 
•167 
•379 
•132 

91° 
122 
229 

74 
85 
17 
47 
63 

-32° 
-44 
+71 
+79 
+27 
-12 
-27 
-64 

TABLE 5* 

Interstellar D Lines 

Star m Spect. Interstellar 
Velocity 

Equiv. 
Width 

0.5(D2+D1) 
M 

HD 5223... 
13826|.. 
137613.. 
177336t 
189711.. 
209621.. 

8.8 
Var. 
7.4 

Var. 
8.7 
8.8 

R3 
RO 
RO 
N 
N 
R3 

0 km/sec 
3 

■ 5 
14 
10 
10 

0.15 A 
.49 
.28 
.28 
.56 

0.27 

+2.2 
-1.7 
-1.0 
-1.9 
-1.7 
+0.4 

* Part of the data of this table appears in Pub. A.S.P., 54, 257, 1942. 
t V Ari: mag 8.3-9.0. 
î V Aql: mag Ó.7-8.2. 

Keenan and Morgan14 have noted that the four stars marked with asterisks in Table 4 
are characterized by very strong g-bands and weak atomic lines .in the blue region. Lee 
107, HD 187216, and HD 224959 are similarly characterized. All seven hâve large nega- 
tive velocities. It may be worth noting that one of these stars (HD 5223) has the largest 
proper motion known for any star of class R or N. This suggests that this group of stars 
may be of lower absolute magnitude than the average class-R star. 

Interstellar sodium lines.—Four class-R and two class-N stars have velocities large 
enough to permit the interstellar D lines to be separated from the stellar D lines. It has 
been possible to derive both the interstellar velocities and the total absorption of the inter- 
stellar D lines from the coudé spectrograms (Table 5). The values for 0.5 (D2 + Dl) 

14 Ap. 94, 509, 1941. 
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have been used to read off distances for the stars of Table 5 by the curve of equivalent 
width versus distance given by P. W. Merrill for class-B stars.16 

The absolute magnitude of HD 5223 from the interstellar D lines is +2.2, noteworthy 
as much fainter than the magnitudes obtained for the other stars of the table. This is 

TABLE 6 

Absolute Magnitudes 

Method Authority Class R Class N 

Proper motions and radial velocities 
(Contr. 525)  

Radial velocities (Table 1)  
Total absorption of interstellar D lines 

R. E. Wilson 
R. F. Sanford 
R. F. Sanford 

0.5 
0.4 
0.8 (0.0) 

-1.9 
-2.3 
-1.8 

quite consistent with this star’s abnormally large proper motion, already alluded to. The 
mean of the absolute magnitudes of the four class-R stars is 0.0, or —0.8 if HD 5223 
is omitted. The two class-N stars give a mean absolute magnitude of —1.8. 

Absolute magnitudes for stars of classes R and N by three independent methods are 
brought together in Table 6. The class-N stars are unquestionably more than a magni- 
tude brighter than class-R stars. 

16 Mt. W. Contr., No. 569; Ap. 86, 35, 1937. 
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