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1. INTRODUCTION

The Atlas of Sellar Spectra and the accompanying outline have been prepared from the viewpoint of the
practical stellar astronomer. Problems connected with the astrophysical interpretation of the spectral
sequence are not touched on; as a consequence, emphasisis placed on "ordinary” stars. These are the
stars most important statistically and the only ones suitable for large-scale investigations of galactic
structure. The plan of the Atlas can be stated as follows:

a) To set up aclassification system as precise as possible which can be extended to stars of the eighth to

twelfth magnitude with good systematic accuracy. The system should be as closely correlated with color

temperature (or color equivalent) asis possible. The criteria used for classification should be those which
change most smoothly with color equivalent.

b) Such a system as described under (a) requires a classification according to stellar luminosity, that is,
the system should be two-dimensional. We thus introduce a vertical spectral type, or luminosity class;
then, for anormal star, the spectrum is uniquely located when a spectral type and aluminosity class are
determined. The actual process of classification is carried out in the following manner: (1) an
approximate spectral typeis determined; (2) the luminosity class is determined; (3) by comparison with
stars of similar luminosity an accurate spectral type is found.

Asit may not be immediately apparent why an increase in accuracy in spectral classification is desirable,
a short digression on some problems of stellar astronomy will be made.

The problem of stellar distribution in the most general sense does not require any spectroscopic data.
Stars of all types and temperatures may be considered together, and some general features of the
distribution of starsin the neighborhood of the sun can be found. For this purpose a certain frequency
distribution of stellar luminosities must be assumed. This luminosity function has alarge dispersion and
must be varied with Galactic latitude. In addition, there are certain regional fluctuationsin the frequency
of stars of higher luminosity of classes B, A, and M.

As aresult of these considerations (and because of difficulties with interstellar absorption) the general
method has very definite limitations; the large dispersion of the luminosity function means we must have
alarge sample, and thisin itself precludes detailed analyses of limited regions. In addition, thereis
evidence of clustering tendencies for stars of certain spectral types - a cluster or star cloud might be well
marked for stars of type A, for example, and be not at all apparent from a general analysis of star counts.

Thereis, then, for certain kinds of problems a great advantage in the use of spectral types of the accuracy
of the Henry Draper Catalogue. Consider, for example, the stars of classes B8-A0 asagroup. The
dispersion in luminosity isfar less than in the case of the general luminosity function, and the space

file:///E|/moe/HTML/ASS_Atlas/MK1.html (1 of 4) [10/27/2003 4:22:19 PM]



An Atlas of Stellar Spectra

distribution of stars of this group can be determined with a correspondingly higher accuracy. In addition,
we are able to correct for systematic errors due to interstellar absorption from observations of the color
excesses of these stars. We have thus gained in two particulars. we have limited at one time the
dispersion in luminosity and in normal color.

The further refinement of atwo-dimensional classification makes possible an even greater reduction in
the dispersion in absolute magnitude for groups of stars. The mean distance of agroup of stars of the
same spectral type and luminosity class can be determined with great precision, even when the group
consists of arelatively small number of stars. Even for individual stars distances of good accuracy can be
derived. A corresponding gain is made in problems concerned with intrinsic colors and interstellar
absorption.

In the fifty-five prints which make up the accompanying atlas an attempt has been made to show most of
the common kinds of stellar spectra observed in stars brighter than the eighth magnitude. The dispersion
selected is intermediate between that used for very faint stars, where only afew spectral features are
visible, and the larger-scale dlit spectra which show a multitude of details. A sufficient number of lines
and bands are visible to allow an accurate classification to be made, both by temperature and by
luminosity equivalent, while the relatively low dispersion makes it possible to observe bright and faint
stars in a uniform manner and avoids the possibility of appreciable systematic differencesin their
classification.

A small one-prism spectrograph attached to the 40-inch refractor was used to obtain the plates. The
reduction of collimator to cameraisabout 7; this makes it possible to use afairly wide dlit and still have
good definition in the resulting spectra. The spectrograph was designed by Dr. Van Biesbroeck and
constructed in the observatory shop by Mr. Ridell. The cameralens was constructed by JW. Fecker,
according to the design of Dr. G.W. Moffitt. The usable spectral region on ordinary blue-sensitive plates

is from the neighborhood of K to HP (A 3920-4900).

The dispersion used (125 A per mm at HY) is near the lower limit for the determination of spectral types
and luminosities of high accuracy. The stars of types F5-M can be classified with fair accuracy on dlit
spectra of lower dispersion, but there is probably a definite decrease in precision if the dispersion is
reduced much below 150 A per mm.

The lowest dispersion capable of giving high accuracy for objective-prism spectrais greater; the limit is
probably near 100 A per mm. The minimum dispersion with which an entirely successful two-
dimensional classification on objective-prism plates can be made is probably near 140 A per mm. This
value was arrived at from a study of several plates of exquisite quality taken by Dr. J. Gallo, director of
the Astronomical Observatory at Tacubaya, Mexico; for plates of ordinary good quality the limit is
probably considerably higher.

The Atlas and the system it defines are to be taken as a sort of adaptation of work published at many
observatories over the last fifty years. No claim is made for originality; the system and the criteriaare
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those which have evolved from a great number of investigations. Specific references to individual
investigations are, as arule, not given.

By far the most important are those of the investigators at Harvard and Mount Wilson. The idea of a
temperature classification is based on the work of Miss Maury and Miss Cannon at Harvard and of Sir
Norman Lockyer. We owe to Adams the first complete investigation of luminosity effectsin stellar
spectra. If we add to thisthe work of Lindblad on cyanogen and the wings of the Balmer linesin early-
type stars and the investigations of the late E.G. Williams, we have the great majority of the results on
which the new classification is based. References to individual papers are given in the Handbuch der
Astrophysik.

The present system depends, then, to a considerable extent on the work of these investigators, combined
with data which were not available until recently. These data are of two kinds: accurate color equivalents
for many of the brighter stars and accurate absolute magnitudes for a number of the same stars. These
results have been used to define the system of classification more precisely, both in the temperature
equivalents and in the luminosity class. The most important of the determinations of color equivalents for
this purpose are the photoelectric colors of Bottlinger and of Stebbins and his collaborators and the
spectrophotometric results of the Greenwich Observatory and those of Hall.

The absolute magnitudes used depend on a variety of investigations. There are the classical catal ogue of
trigonometric parallaxes of Schlesinger; the catalogue of dynamical parallaxes of Russell and Miss
Moore; various cluster parallaxes, principally due to Trumpler; and, in the case of the stars of earlier
class, parallaxes from interstellar line intensities and from the effects of galactic rotation.

Throughout the discussion emphasis will be laid on the ""normal” stars. A number of peculiar, objects are
noted; but the main aim of the investigation has been to make the classification of the more frequent,
normal stars as precise as possible for the use of the general stellar astronomer. Thisinvestigation is not
concerned with the astrophysical aspects of stellar spectra or with the spectra of the dwarfs of low
luminosity. Relatively few of the latter are met with among stars brighter than the eighth magnitude, and
their classification can be considered as a separate problem.

There appears to be, in asense, a sort of indefiniteness connected with the determination of spectral type
and luminosity from a simple inspection of a spectrogram. Nothing is measured; no quantitative value is
put on any spectral feature. Thisindefiniteness is, however, only apparent. The observer makes his
classification from a variety of considerations - the relative intensity of certain pairs of lines, the
extension of the wings of the hydrogen lines, the intensity of aband - even a characteristic irregularity of
anumber of blended featuresin a certain spectral region. To make a quantitative measure of these
diverse criteriais adifficult and unnecessary undertaking. In essence the process of classificationisin
recognizing similarities in the spectrogram being classified to certain standard spectra.

It is not necessary to make cephalic measures to identify a human face with certainty or to establish the
race to which it belongs; a careful inspection integrates all features in a manner difficult to analyze by
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measures. The observer himself is not always conscious of all the bases for his conclusion. The operation
of spectral classification is similar. The observer must use good judgment as to the definiteness with
which the identification can be made from the features available; but good judgment is necessary in any
case, Whether the decision is made from the general appearance or from more objective measures.

The problem of a classification according to luminosity is adifficult one. In the first place, lines or
blends which may be useful at one spectral type may be quite insensitive at another. In fact, somelines
which show a positive absol ute-magnitude effect for some spectral classes may show a negative one for
others. Thisistruefor certain linesof H, S 11, and Ba/ll.

Besides the variation with spectral type, there isalso a very marked change in appearance with the
dispersion of the spectrograms used. Some of the most useful indicators of absolute magnitude are lines
and blends which can be used only with low dispersion. The hydrogen lines, for example, show marked
variations with absolute magnitude in spectra as early as B2 and B3 on plates of low dispersion; with
higher dispersion the wings which contribute to the absolute-magnitude effect are not apparent to the eye,
and the lines ook about the same in giants and dwarfs. In stars of classes G2-K 2 the intensity of the CN
bands in the neighborhood of A 4200 is one of the most important indicators of absolute magnitude. The
band absorption has a different appearance on spectrograms of high and low dispersion, and it is doubtful
whether high-dispersion plates show the luminosity effects of CN as well as those of low dispersion.

On the other hand, a considerable number of sensitive line ratios are available on high-dispersion spectra
which cannot be used with lower dispersion. One of the most sensitive lines to absol ute-magnitude
differences for the F8-M starsis Ba Il 4554; thisline istoo weak to be observed on low dispersion
spectra. A number of the other ratios found by Adams to be sensitive indicators of absolute magnitude
are also too weak to be used with low dispersion.

These considerations show that it isimpossible to give definite numerical values for line ratios to define
luminosity classes. It is not possible even to adopt certain criteria as standard, since different criteria may
have to be used with different dispersion. In the Atlas some of the most useful features for luminosity
classification have been indicated, but it should be emphasized that each dispersion hasits own
problems, and the investigator must find the features which suit his own dispersion best.

The luminosity classes are designated by Roman numerals; stars of class | are the supergiants, while
those of classV are, in general, the main sequence. In the case of the B stars the main sequenceis
defined by stars of classes |V and V. For the stars of types F-K, class |V represents the subgiants and
class |l the normal giants. Stars of class |1 are intermediate in luminosity between the supergiants and
ordinary giants.

| M=t Il Cﬂntentsl
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2. THE O5-F2 STARS

The varying degree of diffusenessin line character for stars earlier than class F5 presents an additional
difficulty in their classification. On plates having a dispersion of around 30 A per mm the lines have such
avaried appearance that it is amost impossible to classify the spectra on a uniform system. If the
dispersion is reduced to lessen this effect, the lines in general become fainter.

The best compromise seems to be a dispersion of around 125 A per mm and greatly broadened spectraon
high-contrast plates. Spectra of this dispersion can be classified with high accuracy for stars of classes O-
B5 inclusive, if afine-grain emulsion is used. The varying widths of the spectral lines are not very
noticeable, except for avery few stars with exceedingly broad lines.

Spectra of classes B9-A2 are most difficult of all to classify accurately. All lines with the exception of
the Balmer series are weak, and the broad-line stars show few spectral features that can be used. By the
time class A3 is reached, numerous metallic lines make their appearance, and classification becomes
progressively easier on passing toward lower temperature.

Dispersions higher than 125 A per mm can be used to classify the early-type stars, if a certain rough ratio
is preserved between the dispersion and the spectrum width. For the highest accuracy the width of the
spectrum should be about one-third the distance between Hy and Hb. With plates of higher dispersion a
corresponding reduction in the magnifying power of the viewing eyepiece should be made. For spectra
later than Fo awidth of about one-sixth the distance between Hy and Hi is sufficient, unless the
dispersionislessthan 125 A per mm. Wide spectrafor the late-type stars allow the use of the G band and
other important blended features. The advantage of using broad spectrais somewhat similar to that of
extrafocal imagesin stellar photometry.

TABLE 1.
CLASSIFICATION OF THE O STARS

Star SPyrk SPue @ § m HD Notes
LPUP... . 05 5% 5.0 8:00 *:1£39°43. :%2:3 Od
O S, s 05 .05 AT:57 ) £24:22: - ‘59 05 71
X Cepl iy 06 06 2208 +5855 52 Od
HD 5005...... 0B, 35 0:47 - 4565 7.7 B2 1
81 0riC........ 06 07 530 -527 540 2
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HD 165052... OTH 08 JA7:60 4t 2431 968 Dehiv .1
SMon........ 0707 635 + 959" 47065
EPeriis it Q7 it 352  +3530 41065
AOriA....... 08 ' 08520/ " 49" 52+ +37 Oeh
O M 09V 09 530 559 2905 3
10 EACL .. 09V 09 2234 +3832 49065 3
HD 188209... @91, 1949  +46 47 55 B0 4
HD 218915.... OF VT 23:06- © +52.81 - 7.1°B0" 4
NOTES

1. No emission lines visible on low-dispersion spectrograms. He |1 4686 is much
stronger than A 4650.

2. The H lines are abnormally broad in comparison to other absorption lines.

3. Main-sequence star. Luminosity differences at O9 are shown by the following ratios:
A 4068: A 4089, A 4387: A 4541, and A 4650: A 4686.

4. O-type supergiants.

| M=t Il Cﬂntents" F’revin:-ual
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1. TheO Stars

No luminosity classification has been attempted for stars earlier than O9. The spectral type has been
determined from the ratio He | 4471: He Il 4541. The types determined from this ratio appear to be
consistent with the appearance of other spectral features in a sequence of effective excitation. The types
obtained in this manner arein very close agreement with those determined by H.H. Plaskett. (1)

Plate 1. O5 - BO Standards
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If the spectral types of the O stars are determined from the single ratio of the absorption lines He | 4471
He Il 4541, results accurate to atenth of a class between O5 and O9 can be obtained on plates of the
dispersion used (125 A per mm at HY). This single ratio appears to be the most useful criterion of spectral
type for O5-09 stars on spectra similar to those used. The classification of the Wolf-Rayet stars asa
group will not be discussed; the number of starsin thisclassis very small, and individual description of
each spectrum seems to be necessary.

Plate 2. Two Wolf-Rayet Stars
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The standard O stars are listed in Table 1. Notes concerning spectral features for some of the stars are
given; in the case of those of class O9, luminosity differences are also noted.

Plate 3. Main Sequence O9 - B9
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2:09.5

At class 09.5 theline at A 4200 isintermediate in intensity between O9 and BO. He | 4541 is weaker
than in class O9.

Plate 4. Supergiants 09.5 - AO

Superguants 095-A0
i 3 ¢ §
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HR 1040 S AQ
® -
i 2 E 3
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Al of dthe abpa Gl o o hewesuts cben T rlq.-.-r_a
TABLE 2
STANDARDSAT 09.5
Star MKK a 0 m HD Notes
9 Cam... 0951 04:44 +66° 10' 4.4 BO
o0ri.... 095 11 05:26 -00 22 25 BO
g Ori.... 095V 05:33 -02 39 3.8 BO
£or.... 09.5 11 05:35 02 00 2.1 BO
¢ Oph... 09.5V 16:31 -10 22 2.7 BOGe 1
19 Cep.. 0951 22:02 +61 48 5.2 Oe5

NOTES
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| 1. The He | lines are exceedingly broad - considerably broader than in such Bnn stars as
~MuUMaand ¥ Gas. The lines are intermediate in width between " UMaand ¢ Per. The -
interstellar K line appears to be abnormally strong for the spectroscopic luminosity. The
line He 11 4686 is strong on low-dispersion plates taken especially to minimize the effect
of the broad lines. The spectroscopic luminosity is similar to that of & Ori. :

The absol ute-magnitude differences are shown by the ratios A 4068: A 4089, A 4119: A 4144, A 4387: A
4516, and A 4650: A 4686. - - .

Plate 5. Lumi ndsity Effects at 09

Plate 6. Luminosity Effectsat 09.5
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3.B0

Thelineat A 4200 is very much weaker than A 4387. S 1V 4089 is stronger than S 111 4552. The blend
near A 4650 is sharply defined on the violet side.

TABLE 3
STANDARDSAT BO

Star MKK RA DEC m HD Notes
¥ Cas.... BO IV 00:50 +60° 11' var BOp 1
@1 0ri... BO 11 05:29 +925 4.5 BO
£ Ori..... BOI 05:31 =116 1.8 BO
w Ori.... BO Il 05:43 -942 2.2 BO
b Sco.... BO IV 15:54 =22 20 2.5 BO
7'S00.;.; BOV 16:29 -281 2:9:80:% 2
NOTES

1. Spectrograms taken on January 6, 1941. No emission lines visible.
2. The luminosity appears to be definitely lower than any other star in the table.

Luminosity differences are shown by the ratios A 4009: A 4089, A 4072: A 4089, and A 4119: A 4144,
ThelineHell 4686 ispresentinclassV.

Plate 7. Luminosity Effects at BO
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4. B0.5

The blend at A A 4640-4650 is strongest at the red edge and isintermediate in appearance between BO
and B1. S |11 4552 is approximately equal to S IV 4089. Luminosity differences are shown by the lines
of O 1l near HY. They are very strong in the spectrum of the supergiant « Cas. The line ratios used for
luminosity classification are A 3995: A 4009, A 4119: A 4144, A 4349: A 4387, and A 4416: A 4387.

TABLE 4
STANDARDSAT BO0.5

Star MKK a 0 m HD
w2 CAS.... BO5 | 0:27 +62%: 23" 4.2 BO
£ Per...... BO.5 11 3:51 +39 43 3.0 Bl
139 Tau.. BO.5 1 551 +25 56 4.9 B2
ﬁ SE0...... BO.5 IV 15:59 -19 32 2.9 Bl

Plate 9. Luminosity Effectsat BO.5
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95:B1

The blend at A\ 4640-4650 is fairly uniform in intensity; the red edge may still be slightly stronger,
however. S 111 4552 is stronger than S 1V 4089, and the broad blend near AA 4070-4076 is well marked.
The line ratios used for luminosity classification are A 3995: A 4009, A 4121: A 4144, A 4144: A 4416,
and A 4387: A 4416. The S 11 lines and the wings of the H lines are also sensitive to luminosity
differences.

TABLES
STANDARDSAT B1

Star MKK a b m HD
oPer..... BLIV 03:38 +31° 58 3.9 ~. Bl
& Py, B1l 03:47 +31 35 29 Bl
NG, B1V 05:19 -02 29 3.4 B1
BcMma... BLII-II 06:18 -17 54 20 Bl
£ CMa... B1Il 06:54 -28 50 1.6, 81
P Leo..... B1l 10:27 +09 49 39  BOp
aVir..... BLIII-IV 13:19 -10 38 1.2 .7 B2
g Sco.... B1IIl 16:15 -2521 31 ' BY
B cep.... BLIV 21:.27 +70 07 337 Bl

Plate 10. Luminosity Effectsat B1
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6. B2

The blend near A 4072 isweaker than at B1. S 11 4128-4130 is fainter than in class B3. The luminosity
classes were determined from the ratios A 3995: A 4009, A 4121: A 4144, A 4387: A 4552 and from the

appearance of the wings of the hydrogen lines. The stars* Peg and ¢ Cas are located between classes B2
and B3.

NOTES
TABLE 6
STANDARDSAT B2

Star MKK a 0 m HD Notes
Y Peg...... B2.51V 0:08 +14°38 2.9 B2
£Cas s B2.5 1V 0:31 +5321 3.7 B3
YOri...... B2 1V 5:19 +616 1.7 B2
K2 OFi .. B21 5:58 +208 4.7B2p
1 Sco...... B2 1V 15:52 -2550 3.0 B2
P Oph...... B2V 16:19 -2313 52 B5 1
# Oph...... B2 1V 17:15 -2454 3.4 B3
A Sco..... B2 1V 17:26 -372 1.7 B2
9 Ceni... B2| 21:35 +6138 49B2p 2
12 Lac..... B2 11| 22:37 +3942 5.2 B2

1. The Hel lines are as strong as in other B2 stars and are considerably stronger than at
class B5. The H lines are strong and broad; this has been taken to be an effect of low
luminosity in a B2 spectrum rather than areason for classifying the star as B5. The H
lines are somewhat weaker than in TTUMa (B3). All spectral lines are very broad.

2. The star 9 Cep is a pronounced supergiant but spectroscopic evidence (A 3995: A
4009, A 4387: A 4552, intensity of H lines) indicates that it is definitely less luminous
than X Ori.

The luminosity effects are so well marked at B2 that there is no ambiguity in the location of any of the
starsin the five luminosity classes used.
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Plate 11. Luminosity Effects at B2
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7.B3

Theblend S 11 4128-4130 is stronger than at class B2, relative to He | 4121. The luminosity
classification depends on the ratios A 3995: A 4009 and A 4121: A 4144 and on the appearance of the
wings of the H lines.

TABLE 7
STANDARDSAT B3

Star MKK a 5 m HD Notes
£ Cas..... B3 Il 01:47 +63°11'34 B3 1
T AU..... B3V 04:59 +41 06 3.3 B3
AALU..... B3I 05:26 +3207 4.9 Bl
02 CMA... B3l 06:58 -2341 3.1 B5p
TTUMa.... B3V 13:43 +4949 19 B3 2
1 Her..... B3IV 17:36 +46 04 3.8 B3
oSO ... B3I1V-V 18:49 -2625 2.1 B3
55 Cyg.... B3I 20:45 +4545 4.9 B2
NOTES

1. ThelinesHe | 4026 and 4471 are considerably weaker than in other B3 stars. The
broad H wings observed for stars of luminosity classV are not seen.

2. A very broad, faint K line has been observed on low-dispersion spectra of 1 UMa.
This line appearsto be definitely stellar in origin.

Plate 15. Luminosity Effectsat B3
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8.B5

The spectral typeis determined from the ratio of S Il 4128-4130 to He | 4144. The luminosity classis
determined from the appearance of the wings of the hydrogen lines.

TABLE 8
STANDARDSAT B5

Star MKK a 5 m HD
5 Per...... B5 11 03:35 +47°28' 21 B5
T CMa... B51 07:20 -29 06 24 B5p
K Hya... B5V 09:35 -1353 5.0 B3
7 Her...... B5 IV 16:16 +46 33 3.9 B5
67 Oph... B5 I-11 55 +02 56 3.9 B5p

Plate 16. Luminosity Effects at BS
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9.B8

The spectral typeis determined principally from theratio of S Il 4128-4130to He | 4144. The
luminosity class is determined from the appearance of the wings of the hydrogen lines.

TABLE9
STANDARDSAT B8

Star MKK a b m HD
Bper..... B8V 3:01 +40°34 2.2 B8
T, TaLl.. . B8 III 3:41 +23 48 30  B5p
B Orii. B8la 5:09 -819 03  B8p
Brau..... B3I 5:20 +28 31 1.8 B8
Bemi.... B8V 7:21 +829 31 B8
aleo...... B8V 10:03 +12 27 1.3 B8
BLib. .. B8V 15:11 -91 7 B8

Plate 17. Luminosity Effects at B8
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Plate 18. The Peculiar Stars Beta Lyr and Nu Sgr
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10. The Spectrum of ¢ Draconis

Fromthelines of Hel, Mg |1, and S 11 the spectral type would be judged to be B8. The Balmer lines are
very peculiar; they are weak but do not have the sharp-edged appearance associated with high
luminosity. A superficial examination might indicate that the star belongsin luminosity classil at B8. A
comparison with the A0 Ib star M Leo shows, however, that the shape of the Bamer lines - in particular H
& and He - is not similar to a high-luminosity star; the contours of the H lines are more nearly like those in
an early B-type dwarf.

The trigonometric parallax of { Drais0".039 + 7 (two modern determinations). The absolute magnitude
IS probably fainter than zero, and it is likely that the star lies somewhat below the main sequence.
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11. The A Stars

Of all spectral typesfrom B to M the stars of class A

are the most difficult to classify. The spectral lines

are weak and may be greatly broadened; in addition, the frequency with which peculiar spectra are
encountered makes any sort of accurate classification adifficult problem.

Plate 19. Main Sequence B8 - A2

'."IJ.."l S'."' LHETRCEE.
ki

Ha [ 400k , wheih & aqusl

botomidn rasior ol N aea

oLk = 5oL A, Ha [ &47

sy e B
dinapp

Al I e BR Bl & Feg Ml
-

miacia &

A Pex af
. Fea 3 4 - —a o
iy c 1|
x CMa -
n Oph 3. ___.a Al
i I i
4 = L 3
. ! 2 = i
T &
e o i wep DAl lic ang e i [
i Do fhi o, ERIE E 43bifra . T sl TEoaw
S ol Tl T (o B W a5 K] il
[ 5 5 : al BT | ik

BE-AL

m o ime B doat ) Py

When spectra of very low dispersion are used, the classification seemsto be arather ssmple matter. If the
C-stars and peculiar objects are omitted from consideration, the growth of K with respect to the hydrogen
lines from B9 to FO appears to be smooth and rapid and a sensitive criterion of spectral type. When
spectra of higher dispersion are examined, however, it is seen that the intensity of K is by no means a
unigue indicator of spectral type. Stars are frequently encountered whose spectra have many
characteristics of class F, whilethe K lineindicates a class of A2 or A3. To make the problem even more
difficult, it appears that the colors of these stars are in disagreement with the type derived from the K line
and probably correspond to the later class indicated by certain other spectral features.

From investigations of several galactic clusters by Titus it appears that these pseudocomposite spectra
may have a high space frequency and a corresponding importance in problems of stellar astronomy. As
the problem of their classification is of considerable importance, the spectra of several of the brightest

objects of this class will be described in detail |ater.

In addition to these " "metallic-line" A stars, there are several other groups of peculiar spectra. Stars of
these classes form only a small fraction of the total, and their peculiarities can be recognized in general
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on low-dispersion spectrograms. It is possible, then, to eliminate them from problems in which mean
absolute magnitudes or color indices are used.

The B9-FO stars have been reclassified with the particular object of obtaining as pure atemperature
sequence asis possible. In the early A subdivisions the general increase in intensity of the enhanced lines
of iron and titanium appears to be closely correlated with color, while for the later subdivisions the Mn |
blend near A 4032 appears to be the most useful index of type on spectrograms of the dispersion used.
The supergiants are discussed in another place.

Plate 20. Supergiants AO - FO
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12. B9

Theline He | 4026 isweaker relative to K than in class B8. He | 4471 is considerably fainter than Mg ||
4481.

TABLE 10
STANDARDSAT B9

Star MKK a b m HD
6 Crv...... BOV 12:24 -15°58' O | A0
¥ LY. BI Il 18:55 +32.33 3:3 AOp
aPeg...... BOV 22:59 +14 40 2.6 A0

The luminosity classification is based on the appearance of the wings of the H lines.

Plate 19. Main Sequence B8 - A2
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13. AO

Thelinesof Hel arefaint or absent in the dwarfs. The strongest enhanced lines of iron are faintly present
INn main-sequence stars and increase in strength with increasing luminosity. The hydrogen lines show a
marked negative absol ute-magnitude effect.

TABLE 11
STANDARDSAT AO
Star MKK a 5 m HD Note
C Hya... AOV 08:20 -03°35' 40 AO
YT UMa... AQOV 11:48 +54 15 25 A0
aCrB.... AOV 15:30 +27 03 2.3 AO
a:luyr, ... AOV 18:33 +38 41 0.1 AO
5 Cyg..... AO 111 19:41 +44 53 3:07A0 "1
NOTE

1. The hydrogen linesin & Cygni have less pronounced wings than in the other stars
listed. Dr. Kuiper has found that the measures of the visual system made during the last
30 years indicate a dynamical parallax of 0".013-0".018.

The luminosity classification was made on the basis of the wings of the hydrogen lines.

Plate 21. Luminosity Effectsat AO
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14. Al

The metallic lines are stronger than at class AO. The blend Mn | 4030-4034 isfirst well seen in this class.
The line A 4385 is stronger relative to A 4481 than in class AO.

TABLE 12
STANDARDSAT Al
Star MKK a 5 m HD
¥ Gem....... AlV 06:31 +16°29' 19 AO
aCMa...... AlV 06:40 -16 35 -1.6 AO
aGemA... AlV 07:28 +32 06 2.0 AO
B UMA..... Al V 10:55 +56 55 24 AQ

The luminosity class was determined from the appearance of the wings of the hydrogen lines. It is

possible that the wings are dlightly less pronounced in the spectrum of ¥ Gem than in the other stars
listed.
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15. A2

Thelineat A 4385 is stronger relativeto Mg |1 4481 than in class Al. Theblend at A 4129 is
considerably stronger than Mn | 4030-4034.

TABLE 13
STANDARDSAT A2

Star MKK a 0 m HD

[ At o A2 1V 05:52 +44°56 21 = AT
AUMa....... A2 1V 10:11 +43 25 35 A2
£ UMa(br).. A2V 13:19 +55 27 DA, 5t = A2D
Bser..... A2 1V 15:41 +15 44 3.7 A2
M Oph........ A2V 17:04 -15 36 2.6 A2

Luminosity differences are shown by the ratios of the blends AA 4128-4131: A\ 4171-4179, by the
intensity of the blend centered near A 4555, and by the appearance of the wings of the hydrogen lines.

Plate 22. Main Sequence A2 - FO
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16. A3

The spectral type is determined from the intensity of the blend at A 4032 and the ratio A 4300: A 4385.
The luminosity class depends on the ratios A 4416: A 4481, A 4175: A 4032, and A 4226: A 4481, and on
the appearance of the wings of the H lines.

TABLE 14
STANDARDSAT A3
Star MKK a 0 m HD Notes
38 Lyn.... A3V 09:12 +37°14' 3.8 A2
BLeo..... A3V 11:44 +1508 22 A2 1
8 UMa.. A3V 12:10 +57.35 3.4:A2
EV i3 A3V 13:29 -0005 3.4 A2
¥ UMi..... A3 II-111 15:20 +7211.3.1 A2: ;2
b Her..... A3V 17:10 +2457 3.2 A2 3
aPsA..... A3V 22:52 -3009 1.3 A3 4
NOTES
1. The hydrogen lines are weaker in the spectrum of B Leo than in the other dwarfs

listed.

2. The hydrogenlinesiny UMi are narrower than in the other starsin the table; the
broad wings associated with low luminosity are absent.

3. Thelines are very broad, and the classification is uncertain.

4. a PsA gives spectroscopic evidence of having the lowest luminosity of any star in the
table.

Plate 25. Luminosity Effectsat A3
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17. A5

The principal line ratio for determining the spectral typeis AA 4030-4034: AA 4128-4132. The
luminosity classis determined from the ratios A 4417: A 4481 and A 4417: A 4300.

TABLE 15
STANDARDSAT A5

Star MKK a 0 m HD

5 Cas.... A5V 01:19 +59°43' 3.0 A5
BAri... A5V 01:49 +2019 27 A5
Bprie: A5 111 02:03 +34 31 3.1 A5
gUMa... A5V 13:21 +55 31 4.0 A5
a Oph..... A5 111 17:30 +12 38 91 A5

Plate 26. Luminosity Effectsat A5
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Plate 27. The Spectrum of 17 Leporis
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18. A7

The ratios A 4030-4034: AM 4128-4132 and A 4300: A 4385 were used to determine the spectral type.
The luminosity classes depend on the ratio A 4417: A 4481.

TABLE 16
STANDARDSAT A7
Star MKK a 5 m HD
¥ Boo..... A7 111 14:28 +38°45' 3.0 FO
aAdl..... A7V 19:45 +836 0.9 A5
aCep..... A7V 21:16 +62 10 2.6 A5

Plate 28. Luminosity Effectsat A7
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19. FO

The spectral type is determined from the ratio AA 4030-4034: A A 4128-4132 and the appearance of the
spectrum in the neighborhood of A 4300. The luminosity classis determined from the relative intensity
of A 4172 and A 4132 (red edge of broad blend) and the ratio A 4172: A 4226.

TABLE 17
STANDARDSAT FO

Star MKK a 0 m HD Note

¢ Leo.... FOIIl 10:11 +23°55' 3.7 FO

Y Vir..... FOV 12:36,.--0054 2.9 FOr 1

v Her..... EO 1) #1617 41923 8.8 ED

£ Cen.... FONL S 2311 8B 33 142, /B0
NOTE

1. The spectral type isthat of the integrated light of the two components.

Plate 29. Main Sequence FO - M2
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Plate 31. Luminosity Effects at FO
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20. F2

Theratio of intensity AA 4030-4034: AA 4128-4132 is greater than in the corresponding luminosity class
at FO. A shading is observed degrading toward the red from A 4300. The luminosity class is determined
fromthe ratios A 4171: A 4226 and A 4077: A 4045.

TABLE 18
STANDARDSAT F2

Star MKK a 5 m HD
Beas.:.. F2 111 00:03 +58°36 2.4 F5
5 Gem..... F2 1V 07:14 +22 10 35 FO
v UMa. F2 111 09:43 +59 31 3.9 FO
78 UMa. F2V 12:56 +56 54 4.9 FO
g Boo...... F2V 14:30 +30 11 45 FO
£Ser...... F21V 17:55 -0341 4.6 FO
T Sgr...... F211 19:03 2111 3.0 F2

Plate 30. Supergiants FO - K5

b

i d
i

Fo s

kB s
Gl |
- R |

K3
RS

5..1..--.-. anby FO-ES
ot ur e il Py of wpdThebaty carret b ool
tomsprviiey el nevmal ogeelhs  oesd desfa Mo
topirsals ek 4 cleadarh  wgeecd &) ks Bl
Hlaekall wrdiens ast | mbimsaty @ 0 Ly [FOCGS) | chamis =
. P
Br 083 Hoidl
i
T 1
.
a Lop R — e |
# Pl - CCT TN
Cow O IR
e
"
| Te————
A A4y ke .
& Fies, I ]
i e T T T
A0 SR T T
i R E N
T T
| R Myl
i i
= 5] . apaserth b Aied e ‘W i
sinh (55 "
1 At - F
e

™
abmealie 2

< P
i P A

IL.TE

file:///E|/moe/HTML/ASS_Atlas/MK2_20.html (1 of 2) [10/27/2003 4:22:28 PM]


file:///E|/moe/HTML/ASS_Atlas/Figures/ASS30.jpeg

An Atlas of Stellar Spectra

| M=t Il Ccmtents" F’revin:-usl

file:///E|/moe/HTML/ASS_Atlas/MK2_20.html (2 of 2) [10/27/2003 4:22:28 PM]



An Atlas of Stellar Spectra

| M=t Il Ccmtents" F’revi-:lusl

21. The Peculiar A Stars

The most frequently encountered of the peculiar A stars are the "“silicon,” " strontium,” and *"manganese”
groups and the so-called “"metallic-line" stars. The spectra of the last-named consist essentially of
features which seem to belong to two different spectral types and are considered separately.

The silicon and strontium stars can be identified on spectrograms of fairly low dispersion, but a
satisfactory description of the details can be made only from medium- or high-dispersion spectra. Some
of the brighter of the peculiar stars whose spectra can be used as prototypes are described bel ow.

a And. - B9p. Manganese. The lines of Mn Il are abnormally strong. On considerably widened, fine-grain
spectrograms having a dispersion of 125 A per mm at H¥ a number of peculiar faint lines are visible,
which are sufficient to distinguish this type of spectrum from others.

1 Lib. - B9p. Silicon. The K lineis very faint. The appearance of the wings of the H lines indicates that
the star is brighter than the ordinary main-sequence stars.

# Aur. - AOp. Silicon. The K lineis exceedingly faint. Thelines of Cr Il vary in intensity. The star
appears to be of luminosity class 11 and is brighter than the main sequence. The absolute magnitude is
probably around - 1 to -2.

a CVn (brighter). - AOp. Silicon-Europium. The spectrum is exceedingly complex and requires the
highest dispersion for adequate study. Thelines of S Il and Eu Il are both strong. Many spectral lines
vary in intensity. The appearance of the wings of the hydrogen lines indicates that the star is more
luminous than an ordinary A dwarf. The absolute magnitude is probably around - 1 to -2.

£ UMa. - AOp. A number of peculiar features which distinguish the spectrum of 78 Vir are present but are
in general fainter. The S 11 lines are not abnormally strong. The K line and a number of other spectral
features vary in intensity within a period of afew days. This star is the brightest of the *"spectrum
variables."

17 Com. - A2p. Chromium-Europium. The spectrum issimilar to 78 Vir. The K lineisweak. The star is
amember of the Coma cluster.

78 Vir. - Chromium-Europium. The general level of excitation corresponds roughly to an A2 star. There
may be afaint, broad K line superposed over the sharp component. The blended feature at A 4171,
indicative of strong Cr I, is outstanding on spectrograms of low dispersion. S 11 isweak; the blend at A
4128 - A 4132 isnot due principaly to S 1l but isindicative of a *“europium star." The K lineisweak. 78
Vir isamember of the Ursa Magjor cluster.
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73 Dra. - Ap. Strontium-Europium-Chromium. A number of the lines, including 4 4077 and A 4215, are
variablein intensity. The K lineis about as strong asin a normal B8 spectrum. The effective excitation is
considerably lower than in a CVn and the spectrum is crowded with metallic lines.

1 Cas. - A5p. Strontium.

¥ Cap. - Strontium. The spectrum can be classified as near FO I11. The strontium line at A 4077 is
abnormally strong but not so strong asin ¥ Equ. In both spectrathe line is stronger than in any normal
luminosity class at FO. There is no well-marked absolute-magnitude effect for A 4077 at FO; thisis near
the place at which the effect changes from a negative one (early A-stars) to the strongly positive one
observed in the F5-M stars.

Y Equ. - Strontium-Europium. The typeis near FO, but the spectrum is so peculiar that aluminosity class
cannot be determined. The S Il lines A 4077 and A 4215 are stronger than in any other FO star observed
at Yerkes. This should not, however, be taken as evidence of high luminosity, since & Il isinsensitive to
luminosity changes near FO and more sensitive lines do not indicate that the star is a supergiant. The
blend at AA 4128-4132 is strong, but thisis not dueto S I1. In stars later than AQ it appears to be
indicative of the presence of Eu Il.

Bers. - Chromium-europium. The spectral typeis near FO, but the spectrum is so peculiar that no

luminosity class can be estimated. The blend at A A 4128-4132 is very strong; this appearsto be
indicative of strong Eu |1 and not of abnormal strength of the S 11 doublet. The blend at A 4171 is strong;
thisis an indication of abnormal strength of Cr Il. A considerable amount of the intensity of the line near
A 4077 isdueto blended lines of Cr 11. The lines of Eu |l may be stronger than in any other bright star,
with the possible exception of the spectrum-variable HR 5355.

Plate 24. Two Peculiar A Stars
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Generalities. - The manganese stars appear to be present at B8-B9, the silicon stars at B9-AO0, the
europium stars at AO-FO, and the strontium stars at AO-FO. These groups can al be identified on low-
dispersion spectrograms, but any kind of detailed discussion requires higher dispersion. The bright
silicon stars observed at Y erkes appear to be around 1 or 2 mag. above the main sequence at B9 and AO.
All the peculiar groups of starslie near class A, and an association with the maximum intensity of the

hydrogen lines is suggested.

| ==t Il Ccmtents" F’revin:-I_JSI

file:///E|/moe/HTML/ASS_Atlas/MK2_21.html (3 of 3) [10/27/2003 4:22:28 PM]


file:///E|/moe/HTML/ASS_Atlas/Figures/ASS24.jpeg

An Atlas of Stellar Spectra

| M=t Il Ccmtents" F’revi-:lusl

22. TheMetallic-Line Stars

63 Tau. - The K line has an intensity about equal to astar of class A1. The general metallic-line spectrum
resembles closely the star {Leo (FO111). 63 Tau isin the Taurus cluster and has an absolute magnitude of

+2.8. Asé Leois certai nly much more luminous, the absol ute-magnitude effect observed for 63 Tau isa
false one. There seems to be no explanation of the spectrum on the basis of two normal stars.

a Gem (ft). - The spectral type from the K line is about Al; from the metallic linesit is about A5. All
lines appear to originate in one star, since a Gem (ft) is a spectroscopic binary with only one spectrum
visible.

£ UMa (ft). - The spectral type from the K lineis about A2 and from the metallic linesis around A7. g
UMa (ft) is amember of the UrsaMajor cluster and has an absolute magnitude of about +2.0.

£ Ser. - The spectral type from the K lineis near A2 and from the metallic lines about A7.

a2 Lib. - The spectral type fromthe K lineis about A3 and from the metallic lines near A7. The absolute
magnitude is probably in the neighborhood of +1.5.

g Lyr A. - The spectral type from the K lineis about A3 and from the metallic lines around A7. g LyrB

appears to be an ordinary main-sequence star of type FO. The intensities of the lines are closely similar to
£ Cep.

15 UMa.- The spectral type from the K lineis around A3 the metallic lines appear to be fairly similar in

intensity to P Pup (F6 11). The absolute-magnitude effect observed is probably false, as 15 UMahas a
proper motion of 0".132.

r UMa. - TheK line has an intensity similar to anormal A3 star. The metallic-line spectrum matches
closely that of P Pup (F6 I1). The high absolute magnitude indicated from the metallic linesis probably
illusory; = UMa has a proper motion of 0".122.

Plate 23. The "Metalic-Line Star" 63 Tauri
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23. The Spectrum of A Bootis

The spectral type of A Boo isnear A0, as far as can be determined. The spectral lines, while not
unusually broad, are very weak, so that the only features easily visible are aweak K line and the Balmer
series of hydrogen. The trigonometric parallax indicates that the star is probably located below the main
sequence. The star # Hyahas similar, but less pronounced, spectral peculiarities. It may be a high-
velocity star.
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3. THE F5-M STARS

24. F5

The G band is observed as a broad absorption with the violet part of the band somewhat stronger than the
red edge. Fe | 4045 and A 4226 are very much weaker than HY and Ha.

TABLE 19
STANDARDSAT F5

Star MKK a b m HD
a T F5 111 01:47 +29°06' 3.6 F5
£ Gem.... F5 111 06:39 +13 00 34 F5
aCMi..... F5 1V 07:34 +05 29 0.5 F5
110 Her... F51V 18:41 +20 27 4.3 F5
Bpd.... F5 111 20:32 +14 15 3.7 F5
1 Peg..... F5V 22:02 +24 51 4.0 F5

The most sensitive criteria of luminosity are the ratios of A 4077 to A 4226 andtothe Fel linesat A
4045 and A 4063.

Plate 30. Supergiants FO - K5
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25. F6

The G band is slightly stronger than at class F5. Fe | 4045 and A 4226 are stronger relative to HY and HS.

The ratios of A 4077 to A 4226 and to the Fe lines at AA 4045, 4063, and 4071 are sensitive criteria of
luminosity, Luminosity classes |1, 1V, and V, which are separated from one another by about 1 mag., are
distinguishable without ambiguity. Spectroscopic parallaxes of high accuracy can be determined for the
low-luminosity stars of classes F5-F8.

TABLE 20
STANDARDSAT F6

Star MKK a b m HD
13 0ri..... F6V 04:44 +06°47" 33 -F8
P PUp....... F6 11 08:03 -2401 29 F5
a2 UMa.... F6 1V 09:01 +67 32 49  F8
4 UMa...... F6 111 09:26 +52 08 33 F8p
r Boo....... F6 IV 13:42 +17 57 45  F5
L Vil F6 11 14:10 -05 31 42 ." F5
4 Boo....... F6 IV 14:21 +52.19 41  F8
== F6 IV 15:51 +15 59 39 F5
¥ Dra.... F6 V 18:22 +72 41 37" 1F8
£ Peg....... F6 [11-1V 22:41 +11 40 43 F5

Plate 33. The Cluster-Type Variable RR Lyrae
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Plate 35. Luminosity Effects at F6
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26.F8

The spectral type is determined from the ratios A 4045: Ha and A 4226: HY. The most sensitive criterion
of absolute magnitude is probably the ratio A 4077: A 4226 for normal giants and dwarfs; whilein the
range from supergiants to giants the ratios A 4077: H& and AA 4171-4173: A 4226 alow avery accurate
luminosity classification to be made.

TABLE 21
STANDARDSAT F8

Star MKK a 5 m HD
50 And.... F8 1V 01:30 +40°54' 42 % 60
36 UMa.. F8V 10:24 +56 30 4.8 F5
Bvir:... F8V 11:45 +02 20 3.8 F8
4 Dra...... F8 1V 16:00 +58 50 4.1 F8
1 Peg...... = 23:20 +22 51 A6 60

Plate 36. Normal Giants F8 - K5
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Plate 37. Luminosity Effects at F8
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Plate 38. High Luminosity Stars at F8
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27. GO

The spectral type is determined from the ratios A 4045: H and A 4226: HY. Luminosity differences are
well shown by the ratios A 4077: A 4226, and A 4077: A 4045 and for the high-luminosity stars by A
4077: Hi.

TABLE 22
STANDARDSAT GO

Star MKK a 0 m HD Notes
N CasA.. GOV 00:43 +57°17 3.6 F8
B Thi....... GOV 02:10 +3346 5.1 GO
1 Per....... GOV 03:01 +49 1442 GO
%1 Ori..... GOV 05:48 +20 15 4.6 F8
¢ Hya...... el 08:41 +06 47 35 Fg i 1
47 UMa... GOV 10:53 +40 58 5.1 GO
£ UMa.... GOV 11:12 +3206 3.9 @0, 2.3
Bcvn.. GOV 12:29 +4154 4.3 GO
B com.... GOV 13:07 +2823 43 GO
M Boo...... GO IV 13:49 +1854 2.8 GO
{ Her...... GOV 16:37 +3147 3.0 GO
NOTES

1. The absorption extending toward the violet from A 4215 is faintly present.
2. Integrated light of system.

Plate 39. The Cepheid Variable X Cygni
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Plate 40. Luminosity Effects at GO
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28. G2

The spectral type is determined by the ratios A 4045: H3 and A 4226: HY. Luminosity line ratios are A
4077: A 4226 and A 4077: A 4045.

TABLE 23
STANDARDSAT G2

Star MKK a G m HD
AAU.... G2 IV-V 05:12 +40°01" 2.9 . G0
BLen... G20 05:24 -20 50 30 GO
ILChC,, " G2 IV 08:01 +21 52 54 "GO
ASer... G2V 15:41 +07 40 A7+ GO
T Peg..... G2 11-111 22:38 +29 42 i e
1 Cep..... G2 111 23:04 +74 51 A6 G5
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29. G5

The spectral type (except for the supergiants) is determined from the ratios A 4144: HS and A 4096: HE
and the blend at A 4030-4034; the violet side of the G band. On spectrograms of low dispersion Hf
appears to be stronger in dwarfs of this class than in giants and sub-giants.

TABLE 24
STANDARDSAT G5

Star MKK a 5 m HD Notes
1 Cas.... G5V 0101 +54°26 53 G5 1
% Cet..... G5V 0314 +0300 50 G5
o UMa.. G5l 08:22 +6103 35 GO
Bcry..x G511 12:29 -2251 2.8 G5
Y Hya.... G511l 13135 2239+33°G5
70 Vir.... G5 IV-V 13:23 +1419 52 GO 2
B Her..... G5 I1-111 16:25 +2142 2.8 KO
T Her..... G511l 16:39 +3907 3.6 KO
UHer..... G5 IV 1742, *2747. '35 G5
EHer..... G5 I 17:53 +2916 3.8 KO

NOTES

1. Considerably fainter spectroscopically than other dwarfsin table.
2. The star appears to be definitely less luminous than i Her.

4226: A 4077, A 4063: A 4077, A4144: A 4077, A 4085: A 4077, A4250: A 4215, A 4226: A 4045, and
the relative intensity of the continuous spectrum on each side of A 4215.

Plate 41. Luminosity Effects at G5

file:///E|/moe/HTML/ASS_Atlas/MK3_29.html (1 of 3) [10/27/2003 4:22:32 PM]



An Atlas of Stellar Spectra

Lu|r|'|'|.-|'\|:l1.-|.Il.II Eftects Ar 65

Teg,  wpoifel] Fgpm At 65 n dolermnps the walugs

ki 45954 ¢ A%00 [ velt] wir oh f- band ) :Ei - il Brasey
Wl = b AT D A3A0 Luwgwiio Ty dobbesmioy  wpl  ghisss by
fier vahiow AR GEGESAETY Auld 8077, SRS 40T T dLT0r a0, anad Fhe welaTeid
llll.flln.".'l.!' ol The comVemades pidfipean om caily sdg 8§ ) 4ES

inps by
0

pity AN G5
vy pee R 5

Cay | ) SRR G
¢ . [l | gl 1l

feere 1w ake & ghirde  wilh hesesuly o tha A fPuariels o
fayg Hend bwad  Blowmds erlesiie 3PS aed A A0S . The B
feative eiftwdms, Somrd e it fewn AE3L  ondidgds o
i, . APERGEREL fe Davead haeavd gy M-|-|-.\'."“q.|'.+
ard cepeiyal s a Choedy kel] dabead b ow g -
The vahio of ®on hed B A AT chamges bl Tumemsule .
Apprsirmafe  abeolule wagntudes aw b, 'rl'_lp.‘ﬁq.:.fl.ll
ard o fat 4kl pwlas n s laiak. .1:I-L,-:-'|L:, sar.

. Cramair -E.;".f:.'- 'b.ln-u'\-l.l'
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30. G8

The spectral type (except for the supergiants) is determined from the ratios A 4144: HS and A 4096: HE
and the ratio of the blend at A 4030-4034 to the violet side of the G band. On the spectrograms used, Hf

appears to be stronger in dwarfs of this class than in giants and subgiants.

TABLE 25
STANDARDSAT G8

Star MKK a 5 m HD Note
+Celi..... G8V 01:39 -16°28' 3.7 KO
bLep...... G8 pec 05:47 -2053 3.9 KO
1 Gem... G811 07:19 +28 00 3.9 KO
x Gem.. G8 1 07:38 +24 38 3.7 G5
aUMa G8I1-111 10:57 +62 17 2.0 KO
61 UMa. G8V 11:35 +34 46 5.5 G5
S3582 G8V 11:47 +38 26 6.5 G5
gVir...... G8 1 12:57 +11 30 3.0 KO
£ Boo A G8V 14:46 +19 31 4.8 G5
BBoo Gs I 14:58 +40 47 3.6 G5
5 Boo G811 15:11 +3341 3.5 KO
£ Oph G8 I 16:13 -04 27 3.3 KO
T Dra G811 16:22 +61 44 2.9 G5
5Dra... G811 19:12 +67 29 3.2 KO
% Cyg ... G811 19:14 +53 11 4.0 KO
BAagl .. G8 IV 19:50 +06 09 3.9 KO
£Cyg... GS 1l 21:08 +29 49 3.4 KO
U Peg ... G811 22:45 +24 04 3.7 KO
A And G8I11-1V 23:32 +45 55 4.0 KO

NOTE
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An Atlas of Stellar Spectra

1. The luminosity criteria of this high-velocity star are conflicting. Theratio A 4071: A
4077 indicates a giant, while the CN break at A 4215 isamost invisible, asin class | V-
V.

Some of the most important luminosity line ratios are A 4045: A 4077, A 4063: A 4077, and A 4144: A
4077. The break in the continuous spectrum at A 4215 is one of the most sensitive discriminants of
absolute magnitude. Other features are noted on the Atlas print.

Plate 44. Luminosity Effects at G8
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Plate 45. The High-Velocity Star Delta Leporis
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31. KO

Spectral type is determined from the ratios AA 4030-4034: A 4300, A 4290: A 4300, and H&: A 4096.
Luminosity differences are shown by the ratios A 4063: A 4077, A 4071: A 4077, A 4144: A 4077, and by
the intensity difference of the continuous spectrum on each side of A 4215,

TABLE 26
STANDARDSAT KOAND K1

Star MKK a 0 m HD Notes
54 PsC ... KOV 00:34 +20°43' 6.1 KO
aCas..... KO I1-111 00:34 +5559 2.3 KO
BEN ....... KO IV 03:38 -1006 3.7 KO 1
BAUr KO Il 05:51 +54 17 3.9 KO
Beem... KO Il 07:39 +28 16 1.2 KO
{Hya.... KO I 08:50 +06 20 3.3 KO
AHya.... KO I 10:05 -1152 3.8 KO
YLeoA ... KO pec 10:14 +2021 26 KO 2
46 LMi ... KO I11-1V 10:47 +34 45 3.9 KO
v Oph ... KO Il 17:53 -09 46 3.5 KO
70 Oph A. KOV 18:00 +02 31 4.3 KO
M Ser ... KO IH1-1V 18:16 -0255 3.4 KO
oDra..... KOV 19:32 +69 29 4.8 KO
MCyg..... KOIII 19:52 +34 49 4.0 KO
52 Cyg ... KO Il 20:41 +3021 4.3 KO
£Cyg ..... KO Il 20:42 +3336 2.6 KO
ThCep ... KO IV 20:43 +61 27 3.6 KO
1Cep ... KO Il 22:46 +65 40 3.7 KO
107 P<C ... K1V 01:37 +1947 53 G5
8 Her ..... K11l 17:52 +37 16 4.0 KO

Y-Oep . K11V 23:35 +774 3.4 KO
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An Atlas of Stellar Spectra

NOTES
1. The spectrum indicates alower luminosity than Tl Cep.
2. Luminosity criteriaare conflicting. From the ratio A 4063: A 4077 ¥ Leo A would be
judged more luminous than B Gem (class111), while the intensity of the CN break at A

4215islessthanin stars of class|ll. The double star ¥Leo is a high-velocity system, and
the spectral peculiarities are similar to those of the high-velocity starsa Boo and & Lep.

Plate 46. Luminosity Effects at KO
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32. K2

The spectral type is determined from the ratios A 4290: A 4300 and A 4226: A 4325. Absolute-magnitude
differences are shown by the ratios A 4063: A 4077 and A 4071: A 4077, and the break in the continuous
spectrum at A 4215.

TABLE 27
STANDARDSAT K2

Star MKK a G m HD Note
S222.... K2V 00:43 +04°46' 5.8 G5
e Eri ... K2V 03:28 -0948 3.8 KO
¥ Hya.... K211 10:44 -1540 3.3 KO
Y UMa... K211l 11:04 +45 02 3.2 KO
¥ UMa... K2l 11:40 +4820 3.9 KO
g CrIv..... K211l 12:05 -22 04 3.2 KO
aBoo.... K2 pec 14:11 +1942 02 KO 1
1Dra.... K211 15:22 +59 19 35 KO
asSer... K2 111-1V 15:39 +06 44 2.8 KO
1 Oph ... K211l 16:52 +09 32 3.4 KO
Boph... K2 11-1V 17:38 +04 37 2.9 KO
€ Lyr ... K211l 18:16 +36 01 4.3 KO
109 Her . K211l 18:19 +21 43 3.9 KO
cAql ... K211 18:55 +14 56 4.2 KO
NOTE

1. The spectral typeis dightly earlier than the mean for class K2. The luminosity criteria
are conflicting; from the intensity of A 4077 relative to neighboring Fe lines a
luminosity class of 111 or even slightly brighter would be obtained, while the CN break

at A 4215 is considerably weaker than in other stars of class |l a Bootisis a high-
velocity giant and the spectral peculiarities observed are similar to those in the case of
the high-velocity giants Lep and Boss 2527.
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The mean absol ute magnitude of stars of class 11l is probably somewhat brighter than in types G5-KO.

| M=t Il Ccmtents" F’revi-:lusl

file:///E|/moe/HTML/ASS_Atlas/MK3_32.html (2 of 2) [10/27/2003 4:22:33 PM]



An Atlas of Stellar Spectra

| M=t Il Ccmtents" F’revi-:lusl

33, K3

The spectral type is determined from the ratios A 4226: A 4325 and A 4290: A 4299. Luminosity classes
are determined from the ratios A 4071: A 4077, A 4063: A 4077, A 4045: A 4077, A 4260: A 4215 and A
4325: A 4340.

TABLE 28
STANDARDSAT K3

Star MKK a G m HD
GANd ..... K3 11-1V 00:34 +30°19' 3.5 K2
1 AU ..... K311 04:50 +33 00 29 K2
aHya..... K311 09:22 -08 14 2.2 K2
FBoo..... K311l 14:27 +30 49 3.8 KO
= CiB-.... K311l 15:53 +27 10 4.2 KO
. Her ..... K31l 17:11 +36 55 34 K5
AHer ... K3 111 17:26 +26 11 45 KO
a'SCL..... K311l 18:29 -08 19 4.1 KO
Fracx K311 22.11 +37 15 4.2 KO
S.7259:. K3V 23.08 +56 37 57 K2

The mean absol ute magnitude of the stars of luminosity class |1 is probably higher than at type KO. No
subgiants were observed at K3.

Plate 48. Luminosity Effectsat K3
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34. K5

The spectral type is determined from the ratios A 4226: A 4325, A 4290: A 4299, and A 4383: A 4406.
Luminosity classes are determined from the ratios A 4063: A 4077 and A 4260: A 4215.

TABLE 29
STANDARDSAT K5

Star MKK a 5 m HD
adTaui: K5 111 04:30 +16°18 11 . K5
Bene..... K511 08:11 +09 30 8L K2
Bumi ... K5 111 14:51 +74 34 224 KB
yDra...... K511 17:54 +51 30 24 K5
61 CygA.. K5V 21:02 +38 15 56 K5

The mean absol ute magnitude of the stars of class |11 is probably brighter than at type KO. No subgiants
were observed at K5.

Plate 50. Luminosity Effects at K5
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35. TheM Stars

Discussion of the M dwarfs is outside the range of the present Atlas. Since no stars have been observed
intermediate between M dwarfs and giants, the latter can be considered separately.

Plate 51. The M Giant Sequence
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The titanium oxide bands in the photographic region increase smoothly in intensity with decreasing
temperature, and spectral classification from the intensity of the bands is atemperature classification
(P.52). Thefour starsillustrated in Plate 51 as standards of the M-giant sequence are on the Mount
Wilson system. We are greatly indebted to Dr. Joy for checking our types at Mount Wilson. He has noted
that some M stars probably vary dlightly in spectral type, so that some of the standards illustrated may
have a dlightly different appearance at times.

Plate 52. The M Sequence as a Temperature Sequence
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The absolute magnitudes of some of the giant M stars have been discussed recently by Keenan, (1) and
the details of the luminosity classification are given there. Keenan's spectral types require systematic
corrections to reduce them to the Mount Wilson system. Some luminosity effectsin the early M giants
areillustrated in Plate 53.

Table 30 gives a selection of stars whose luminosity classes have been taken from Keenan's paper. The

spectral types are from the Mount Wilson catal ogue of spectroscopic parallaxes. Luminosity line ratios
are A 4045: A 4077, A 4215: A 4250, A 4376: A 4383 and A 4383; A 4390.

TABLE 30
STANDARD M GIANTS

Star MKK b m HD Notes
RW Cep MO: la 22:19 +55°27 6.2-7.6* Ma 1
K Ceps... M2 la 21:40 +58 19 4.4* Ma
SU Per ... M4 lalb 02:15 +56 09 1.3* Ma
aori-.... M2 1b 05:49 +07 23 0.9* Ma
a.SCo",..x M1lb 16:23 -26 13 T2 Ma
SR it MO I 22.25 447 1.2 4.6 KO
AU ..... M3 11 05:52 +45 56 4.6 Ma
Breg.... M2 11-111 22:58 +27 32 2.6* Ma
#Peg.... M2 111 00:09 +19 39 4.9 Ma
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BAnd ... MO 111 01:04 +3505 2.4 Ma

N Gem.... M3 Il 06:08 +22 32 3i7* Ma

NOTES
1. The spectrum indicates that the absolute magnitude is brighter than u Cep. Spectral type by

Keenan.
* Light variable.

Plate 54. A Carbon Star and a Long Period Variable

Lanhsw Star Aed & Loa Foned Yemabde

BT

Tha spactrem &f HD 5;‘4.34_:-_;1\3.] conlaes,  sheemn,  Bands ol
Cg amd CM. I Egckeal fupa, o0 The BN wpberm w BD oo
fups  af aveumd K4

oaTegendy B oM ajuvadinl  owdiral
Ted wecfregeim was bidiw IL'l|. ey Fiepadermar Pepy

F b

Ty -

i -

- " =) %
4 i x w iy = %

: i ai

1

|1.;' ? s
feems -.I—- _a_-.-_-q
liﬂ__-_l-
1L B | | [ II"[ 'Pr I
LBy 1 JiNUEY i B g
£ & I r'|

Tre opfoss ot & Cgls :Ilq.il': hat aboea basd
[} ok Al [ ame

s

5 ot Eda
JTenwety, Wi

g vifesmald Biwas o &l [ T
'.'.‘-\.MFH an Imbrg =i 1k B dawhay N Alas  dEsiisde,
By pitnenl, wihodos San Bolesy hoas (547 WaS  amd Fe ¢ d2a3
ard 4%PE . The speciromt  wad tile o L e T
Malkh ey pdand He o iaAA q.-.'-,.'.l.r-".l.ii popis dara,  Tealat
Cahmagy W - Sowtel  Soesie

15 WS,

Plate 55. The Banded Starsin the Visual Region
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4. THE SUPERGIANTS OF CLASSES B38-M2

The general appearance of the spectra of the supergiants of types A-K is different from that of stars of
lower luminosity; and, when an attempt is made to classify the high-luminosity stars by the ratios used
for ordinary giants and dwarfs, a number of difficulties are encountered. Ratios which include a
hydrogen line are strongly affected by absolute-magnitude effects in classes B8-FO and G8-K5; in the
first spectral interval the H lines are greatly weakened in the supergiants, and in the second they are
considerably strengthened. The lines used to classify the A5-F5 spectra are disturbed by blendsin the
supergiants which have a marked absol ute-magnitude effect. In addition, the G band appears as afairly
continuous absorption only for types later than F8 in the supergiants; while in ordinary giants and dwarfs
itispresent at F5 on plates similar to the ones used in preparing the Atlas.

For these reasons, if a highly accurate system is to be defined for supergiants and Cepheids, itis
important to set up a sequence of standard supergiants by criteria suitable for the high-luminosity stars.
The system defined by the supergiantsin Table 31 isin fairly good systematic agreement with the Henry

Draper Catalogue. The stars listed define the system accurately to about a tenth of a class, except in the
case of the late A and early F subdivisions, where the accuracy is appreciably lower.

Some ratios useful in determining the spectral type of the supergiants are: A 4128-A 4130: A 4172- A
4179 (AO-FO), A 4226: Hb (F5-G5), A 4045: HA (F5-G8), A 4226: HA (F5-K5), A 4325: HA (F5-G2),
blend at A 4176: blend at A 4200 (G5-K5), A 4383: A 4406 (G8-K5), and the appearance of the region of
the G band (FO-K5).

Plate 4. Supergiants 09.5 - AO
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Plate 20. Supergiants AO - FO
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Plate 30. Supergiants FO - K5
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Plate 38. High Luminosity Stars at F8
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Plate 49. High Luminosity Stars at K3
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Plate 53. Luminosity Effectsin the Early M Giants
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No stars have been classified as |a between F8 and M2; it is possible that certain luminousirregular
variable stars may belong to this classin the G and K types. It isaso possible that stars of the highest
luminosity develop TiO bands at slightly lower temperatures than the F8 la stars CMaand P Cas; they
might then be classified among the M stars, while their line spectra correspond to class G or K.

TABLE 31
THE SUPERGIANTS OF CLASSES B8-M2

file:///E|/moe/HTML/ASS_Atlas/MK4.html (4 of 6) [10/27/2003 4:22:35 PM]


file:///E|/moe/HTML/ASS_Atlas/Figures/ASS49.jpeg
file:///E|/moe/HTML/ASS_Atlas/Figures/ASS53.jpeg

An Atlas of Stellar Spectra

Star MKK a b m HD Notes
Bori ... B8la 05:09 -08°19' 0.3 B8p
ALac .. .. B81b 22:20 +48 58 46 B8p
o CYGi-i.i B9 la 21:13 +38 59 4.3 AOp
HR 1040 .. A0 la 03:21 +58 32 48 AOp 1
13 Mon ... A0 b 06:27 +07 24 45 AOp
TLeo..... AOlb 10:01 +17 15 3.6 AOp
aCyg..... A2 la 20:38 +44 55 1.3 AOp

i Cep ... A2la 21:42 +60 40 45 AOp

? Cas..... A5 la 01:13 +57 42 53 F5P

g Aur ..... FOla 04:54 +43 41 (3.3) Fb5p
alen... FOlb 05:28 -1754 27 FO

aPer ... F51b 03:17 +49 30 19 F5

8 CMa..... F8la 07:04 -26 14 20 F8p
PCas.... F8la 23:49 +56 57 (4.4) F8p

Y Cyg ... F81b 20:18 +39 56 2.3 F8p
BAagr.. GO Ib 21:26 -06 01 3%..'Go
cLeo... GO I-I1 09:40 +24 14 31 GOp
aAqr ... Gllb 22:00 -00 48 3.2::°G0

o R G4 1b? 21:21 -2251 39 G5p 2
9Peg..... G51b 21:39 +16 53 45 G5
zGem..... G8lb 06:37 +25 14 32 G5

56 Peg ... G81b 23:02 +24 56 50 KO
ECepii. K1lb 22:07 +57 42 3.6 KO

cPeg ... K31b 21:39 +09 25 25 KO

YA ... K31-I1 19:41 +10 22 28 K2
£ECygr... K5 1b 21:01 +43 32 39 K5
asco..... M1 Ib 16:23 -26 13 1.2 Ma ».8
LGeR M2 la 21:40 +58 19 var Ma 3
a0k i, M2 Ib 05:49 +07 23 vaa Ma 3

NOTES
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1. The H lines are slightly stronger than in B ori.

2. Theline S 11 4077 is very Strong.
3. The Mount Wilson spectral types of the M giants have been assumed.
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5. FIVE COMPOSITE SPECTRA

¥ Per. - From the ratios i 4045: Hi and 1 4226: HY and the intensity of the G band a spectral type of F6
is derived on the system of the present Atlas. The following features indicate that the spectrum in the
blue region comes from two stars.

1. The CN absorption, having a sharp head at i# 4215, is present and is about as strong asin a giant G2
star. This absorption was not seen inany normal star earlier than GO examined while preparing the Atlas.

2. Thereis abroad, faint absorption at Ha which makes the appearance of the region different from that
inanormal F6 star. Thisis probably due to a broad A-type hydrogen line superposed on the narrower
one.

3. The strongest absorption at K is narrow and is similar to a star near type A5, and there is almost
certainly present afaint, broad K line superposed on the sharp one.

The spectral type of the component of later typeis probably near G5. Itsluminosity classis probably I[11.

a Equ. - The spectrumis similar to ¥ Per. The CN absorption toward the violet from A 4215 is present
and indicates that the later-type spectrum is near G5. The integrated spectral type at AA 4000-4300 is
somewhat earlier than 'y Per - about F5 - owing to the greater strength of the H lines. The A star appears
to be somewhat brighter relative to the later-type component. The line at A 4077 is stronger relativeto A
4045 than in ¥ Per.

o Leo. - The CN absorption near A 4215 is not observed and the later-type spectrum is therefore almost
certainly earlier than GO. This spectrum is combined with one of early type which, to judge by the
narrow K line, isnear class A2. The two components form a spectroscopic binary. The spectrograms
used were obtained on April 22, 1942; on them the K line is composite, the sharp A component lying
near the red edge of afaint, diffuse component. The line A 4077 is strong, and from itsintensity a
similarity in luminosity to an F supergiant [a Per (F5) or ¥ Cyg (F8)] might be assumed. The region of
the G band, however, does not have an appearance like that of a supergiant of type F, and other line
ratios suggest aluminosity class of around I1-111. This value is uncertain; it could be determined more
accurately if spectrograms on a high-contrast emulsion were available. The spectral type of the
component of later typeis probably near F6.

a Aur. - The combined spectral type of the two componentsis G2 I1-111. An unpublished determination
made several years ago from high-dispersion plates on which the components were resolved gives, on the
system of the present Atlas,

file:///E|/moe/HTML/ASS_Atlas/MK5.html (1 of 2) [10/27/2003 4:22:36 PM]



An Atlas of Stellar Spectra

Spectral type of primary ........ G5
Spectral type of secondary .... F6
Combined spectral type.......... G2 1111

The separate values for the two components are very uncertain and may bein error by a considerable
fraction of their separation.

B Cyg. - The spectral type of the component of late type is probably K3 11. At the position of K thereisa
broad, shallow absorption. It is estimated that the spectral type of the component of early typeis
probably earlier than AO. The features described all belong to the spectrum of B CygA.

| M=t Il Cﬂntents" F’revin:-ual
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6. CONCLUSION

The relation between the revised types of the B2-GO dwarfs and color is shown in Figure 1. An
approximate calibration of the luminosity classesis given in Figure 2. While any definitive calibration

requires the use of many more stars than are considered here, we do not think that any of the curves
should be in error anywhere by much more than a half-magnitude.

Since about ayear was needed for the making of the photographic prints for the Atlas, thereisa
difference in epoch of that time between the classification asillustrated there and as expounded here. It
was unavoidable that certain improvements and alterations should have suggested themselvesin the
interim. These have been incorporated in the text; and there are therefore several discrepancies between
the Atlas plates and the text. In all such cases the text is to be taken as final, and the data on the Atlas
prints should be altered to agree with the outline. The most important of the changes has been the shifting
in spectral type of two standard stars. These are 1 Peg (Plates 36, 41, 44), whose type should be changed

from G5 to G8, and o2 UMa (Pl. 37), whose type has been altered from F8 to F6.

The characteristics of the system described here can be summarized as follows: The two-dimensional
classification can be used to describe accurately the spectra of the normal stars brighter than the eighth
apparent magnitude. Since thisincludes all but avery small percentage of the total number of stars
brighter than that limiting magnitude, it is possible to derive from the extension of the classification to
fainter objects certain general information concerning the distribution in space of the stars absolutely
brighter than the sun.

In the course of the investigation several interesting details have been noted. Among the Be stars very
broad absorption lines have been observed, which suggest maximum stellar rotational velocities

somewhat higher than those found earlier. The most striking example of thisisthe star #* Per. Others
stars having lines suggesting higher rotational velocities than the Bnn star, 1 UMa, ared Oph, 25 Ori, and

BMonA.
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Figure 1. Color equivalents of B2-G0 main-sequence stars.
The photoel ectric color indices of Bottlinger (above) and
Greenwich gradients (below) are plotted against the spectral
types of the present Atlas. The starsincluded are those of
luminosity classes IV and V which appear to be definitely less
than 100 parsecs distant from the sun. The same stars are
plotted in the two diagrams for types earlier than F5. Stars of
class'V only are shown for classes F6-G0. The multiple

system € UMa has not been plotted.

The two relationshi ps between color equivalent and spectral
type are not similar; asimple change of zero point and scale
will not suffice to change one color system to the other. There
Isamarked depression inthe curve for the early A starsin (a)
which isnot present in (b). The curvein (a) is definitely
concave upward from B8 to F5, while it issensibly linear in
(b). Thisdifferenceisinterpreted as an effect of the hydrogen
lines on the violet wave lengths for the photoel ectric color
indices. The same effect is present to avarying degreein
other catalogues of color equivalents. The two straight lines
connect the centers of gravity at B8-B9 and FO-Fb5.

In the G and K stars other spectral features appear to affect
observed color equivalents. In particular, the strong
absorption due to CN in giants tends to increase the color
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differences between giants and dwarfs observed with short
base-line photoelectric color indices. In the K stars of high-
luminosity a heavy absorption extending toward the violet
from the vicinity of A 4300 cannot fail to have an appreciable
effect on colors determined in this region.

l'.."l}-v T T I | T T T ] ]

y

\
\
|

] | | i
B Al 24| G0 K ES M

Figure 2. Preliminary calibration of luminosity classesin
terms of visual absol ute magnitude.

Also of interest isthe discovery of similar spectral peculiaritiesin several G- and K-type high-velocity
giants. The high-velocity starsf Lep, Boss 2527, ¥ Leo, and probably a Boo have similar peculiar
features. The most striking of these on low dispersion is the abnormal weakness of the CN absorption
extending toward the violet from A 4215,

When carefully calibrated, the luminosity classification should allow the determination of accurate
spectroscopic paralaxes on low-dispersion plates of stars of all classes from O9 to M2 (with the possible
exception of classes B8-A2).

The spectral classification defines with accuracy a system of color standards which can be used in
investigations of interstellar absorption and determinations of systematic errors in spectral classification
of faint stars. It should be emphasized that the actual features used for classification are dependent on the
dispersion used and that some or most of the criterialisted here might be unsuitable for use on spectra
having greatly different dispersion.

We wish to acknowledge our indebtedness to the following persons: to Dr. Struve for making the
publication of the Atlas possible; to Dr. Joaquin Gallo, director of the Astronomical Observatory of
Mexico at Tacubaya, for the loan of a number of objective-prism plates; to Dr. A.H. Joy, of Mount
Wilson, for determining the spectral types of several M giants which we have used as standards; to Dr.
A.N. Vyssotsky, of the Leander McCormick Observatory, for severa discussions of the problem of
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spectral classification; and to Dr. G.P. Kuiper for adiscussion of the dynamical parallax of & Cygni. We
are also indebted to the following persons for taking a considerable number of the spectrograms used in
the investigation: Mrs. Frances Sherman Bailey, Dr. JA. O'Keefe, Dr. L.R. Henrich, Mr. W.P. Bidelman,

and Mr. Frank R. Sullivan. All the photographic prints for the Atlas were made by Miss Kellman and
Miss Phyllis Anderson.
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Plate 2

Two Wﬂ!f‘Raqet Stars

The spectval fypes of the fwo Wolf -Rayer
stars  weve defermined by Sanford and
Wilsen (ApT 90,237,1039).

. o3E 53 &

= EEgE 5% 0

o ,
28915 ;u 00 I
190918 WN 5
193793 WC 6
164794 L 05

I
L] I
F g -

=]

L]

k)

1
; :
=

z

HD 218215, a superquant of class 09, has a
spectvwum similar fo HD 190018, except for the
emussion  lines . HDIGATO4 has a puve absovp-

fion  spectvom whith 1% very Emlq m type . Cyomey Hi-

5 peed BT:-E- cial

file:///E|/moe/HTML/ASS_Atlas/Plate2.html [10/27/2003 4:22:37 PM]



An Atlas of Stellar Spectra

| M=t Il Ccmtents" F’revi-:lusl

Plate 3
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Plate 4
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Plate 6
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Plate 8
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Plate 15
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Lummr:nsm! Eects at B3
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Lummﬂ&n’% E ffects ot BS

In the supewpont v CHla the H Tlwmes ave mueh

weaker tham v the wow  sequence  sfav ¥ RHya.
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the  spectrumi  of the supevapswd
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Lummnaﬂu. Etfects ar B8

The H Vnes are very much  weaker n the
specfrum of the supergrant 3 O0nt thow o that
of the main sequence sfar 2 Rer. The abselufe
wiagnitude effeef For fhe wyatio HeI 4471 Mg [T 4481
(at B3-B5) 15 new mo longer marked.
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The Pecoliav Stans P- Ll.!"f and w 5%1’

The specfra of both sfaxs oYy and  ave
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Mﬂ.m 5 E%UE‘H.EE BB“.A 2

HeL 4026, which 15 equal n winsdy to K in the BE dwart 3 Per ,
becomes Fanter af BO ‘and disoppears at AD. [n the B9 shar « H"ul HeI
ADLZE = 5. 4129. He I 4471 behaves smilarly o Hel 4026
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b‘l.;'jITL 44010 - 4385 . SO M29: MuT 4030-4. Eastrnan Prl;.r_a-ﬁ

file:///E|/moe/HTML/ASS_Atlas/Plate19.html [10/27/2003 4:22:48 PM]




An Atlas of Stellar Spectra

| M=t Il Ccmtents" F’revi-:lusl

Plate 20
Supevguants AO0-FO
The ‘;t'ﬂ:-'l.qlh-'t e of Hel e 'i'mni'in.} visitble o HA 1040 .
They ove wat wisble on low digersion  speefra oF & Cyame .
The limes of Fell ave very stromg m ke speefvom of & o
owd ave of abeut the some wwimmsity m e Aungae . The
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15 a diffiedt problem . Thew speetve  differ se wmoch
Prawa  sfurs of lower luwwwosidfy fhat lwme vatios cuteble fov
the lother cowmmo? be used. 5up21'31n.n'[3 of classes A T ™M
caw be best classibued bl-j WFETunnq, thewse fo o wormal
f.ltq-u&m{'. ak 'I."uq'h, 'i_uum-.m':lhj s fars whese spectrd a4 Eastmann
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HR 1040
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Lummﬂmtq E tfects At AQ
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Twe Peculiay A Stars

B Aur 15 typial of the “silicowm stavs ™. The SuT blewd at 2 4028-30
s very sfromy and the K lme of Coll 15 abrormally weak for the
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Luminosity E ffects At AD

The difference 'lurnmnufci 1S §hown
m the vaho @ M 4417 A48 & Fa A 15
o main sSequence stav , while Y UMW v
c,u:ma'-dnaw.b']n_h '|_1~f1|:-_.’in,"[r.'~r.

o i 51‘ i
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a 2 = E§ Eqﬁ
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The spectral fype depends on the
mean of the two valios:
A 4030-4 S A128-32 and 4300 14385
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Luminosity Effects At AS

The. 'Ium“mutﬂ} diftfexenre 15 shouw by the
vafio: AN 4417 448100 A Ave 15 @ wan
sequence stay, and S Tve 15 a giant

.:e:|.r-.'5,wu:il."."n.'u:-.ll:?hiI bvightey °
=

L [ i

2 o2 st =
g = gﬁ&:
1 I | 1L 4

v TR

& Av - -
Tt

The spectral fype 15 defevmmed fyom
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43001 4385
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The Spectrum of 1T Lepovis
The spectama of  this Sttutmf sfar  has bean  invesTigated
wodefml by Steuve . On low dispecsion plates the charactenshic
Feoduves ave’; the great vawae :m_{f.r.uti_b frow, Fel 4233
b weoker Fel lines | the assumelry o the  appeavance
o the H-Twes [shown wost deavlly of HB ), and the
= g HE é 3
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o Cyq - TEITTTTTE NIRRT AZ |
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weakness df MO}E Mel, On plates of :n.l.:‘ﬁ'nm’ LJL":'FE'{‘:LJH
the spectfrum 15 seen 1o be ﬂce.ﬂciﬁ'ﬁ-g‘t!.!{, mm?iﬂ.:, botla
the wtewsities and  positions o  the Tnes  oxe
varnable . Tle 5.PP_{,{’T1 of the s.upe'rql-’.ln"la d. n’_uﬂh'l amnd
€ Aungae ave  shown for COMPAISON - ¥
Eastwaw Proacess
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Lummu&nhﬁ E ffects At AT

The spectval fype 15 determmed
fvom  the vatiog : AA 40304 : 4128-32
and 4300: 4385 . Alwmost oll lines ave
blends on plates of this  dispexsion.
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Supergiants FO-KS
Accuvate spectval tupes of superquants comvet be clefevwned by duweef
covaparisom  wnth wormal quals  and  dwats . [f s adwsable 0 compare
superqiants with a4 stawdard  sequenee of shars af swwilar  Jueesity,
Useful crifena ave : [nhhs-l.h.} ot H luaes fﬂ} 65} ’ r_[n.-n.n-:}e W Gppearance
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Lumm:;‘.-nflj Effects At FO

Lumnnﬂ%l‘l"i.! difbevences ave shown I::.L!. the yatfos
4417 : 4481 . 44 4481 oawmd AT 4226 . A wumbey
of enhanced lmes oave strengthened n the
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not due prwepally 1o ST .The st¥enath of His blend o the
spectva of sfave lafer thoaw type AD seews to be wdiatwe
of the preseiee of Evl. A compunson  with the plate shoun
lumamgsityy effects ak B0 wdeates 4ot the spectval pecsluneties
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maantude effects Crawmnex HL-EFeﬂd Specio)
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The Cluster rti_[JF! Vayiable HR Lyy
Tne spectvuwa of RR Lyry s pecvhay and  cawnet be Yocated.
accuvately v o speetval classification  systewa . The mtensik
of the H Wmes 15 stmilaxy o the wnormal  dwax e Cep IZI%
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The Vonieble Stax SU Tau
The light vanafions of SU Taw are  wwilax te those of
RGB and RY Sgr. AN thwe stors have spectra siwulay
the Followmg vespeets : the hydvogewt lunes  aye  excerdivgle
weak ; the swgly  jowized  wefallic  lines  ave swilar  wsheagh
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Cxomex He- Speed Speual

file:///E|/moe/HTML/ASS_Atlas/Plate34.html [10/27/2003 4:22:57 PM]




An Atlas of Stellar Spectra

| M=t Il Ccmtents" F’revi-:lusl

Plate 35

Lum1naﬁtﬁj Effects At Fb

6 UMa
L 1d O

The spectral rype o Fi

13 defermined From the vatwo
MA045 ' HE and the appeavance
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Plate 37

Lummawh.i EfFects At F8

The spectral fupe 15 defermined fvom  the vahie A 4045:HE.
Tre obsovphion lines axe systemat icall weaker wa  the spectyum
of L F'Fq.. than . the 'Enl:l.'a:"':- of lower L{ummﬂsl*qﬂ The oabsolufe
mognifude  of v Peq, s probably  avomd O ; that of gt UMa s
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Plate 38

Hucjh Luvmosity Stars At FA

There 15 ewidence that the sfar ¢ Cas 15 of exceedingly high
luminosify . s speettum 15 §iled with ekhanced Tines “wikach ave
consulevably styonaer thaw w the less luwanavs supergiant ¢ Gug,
A number of lives sivevatheved 1w ¢ Gas ave wadked at the f“lg

la
| b
1

H

ol 43—
G =
L B

I
-
b
q
¥ ]
£
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the ovdimovu gt w Peg. The specfrum of 6 CMa s
stwulaxy fo of ¢ Cas: Crawey Hi-Speed Specal
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Plate 39

The (epherd Vavable X (gcﬁm_

The plate of ¥ was toakews  near waaxwwuomn ot
The spectval fupe canm be defevmnned

miterpolativg befween
Hie stavdard supevanants Wustrated . Two usq.‘;?ﬂ cxiiena
Z5e "
| || I
}ZE% SREETETTEEE.-— 7

o Pev RN fo (b
¥ Cyg | NN 8 1o

d-.ﬂ%‘:‘ m Gl |

of type ave the wteasify of the H lwes and the
AppeaNanc & of  the YEQI0I of the & - bawnd . [+ 15 of
the n}\'e.:-.feat wporfamee”  ta Ll:-.':‘slli W, awd ﬁh:flujmcﬁ the
spectral vaxiations of aroups of sTars ke the cephads
To vse sfaxs of stmidat Jumwosity Fox  cowmpavisow .

Cyawey He- E?E-E‘d 51;1}{_1&.']
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Plate 40

Lun‘\mumhj Effects At GO

The spectval 1 pe 19 deteymmned from
A325 ' HY fov all stavs
ave shawwv b

2 the 'ﬂ.l.fl.h-*, .i..'k 4063 1 4077, 4144 4077, n.m‘l the
vatie of fhe suvbace |whewmsibes

135, 3 84 55 =
, e O B 5
Bors 357 ?]Bc:ﬁ B o | e
£ UMa I ETEETUNEN GO
et

The absolofe wmagnitude of N Boo 1» about £33 ; that of
E UMa 15 abwt 150

Cyawer Hi ":tper.d Epw_-:m't

the vafios MA4045: HE and
extept supecgrants . Lomwosi iy diffevences

ﬂ-E’ the Ibitﬂf-l'-b centered neay
AN 4772 and 41200.
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Plate 41

Lummam‘ri.-:l Etfects At G5

The spectral fype af G5 s deterwmwed by the vyahos
AA 4030-4 © A300 ( vwolet wde of G- band ) awd - with lowey
weight — kA 43250 4340 Lumumosity ditkerences ave shown by 2
the vatios AL 406314077 41444077, 4085: 4017, 42500415, and the velative
mbewsrty of the comtimuovs spectrumi om eacly s de

of A 4215
FA IR
A A
u Peg THIISEITIANNE . G5 ||
Tags w5 TF F\-Hﬁf m &5 N
Cas | ¢ INNENEEEE S
[‘L R o 1

There v alse o chawge with tuwinosity 1n the appeacawce of
fhe thvee broad blewds betweew A 4184 “and A 4215 . The byoad

Featuve exfewdwio, toward +the wviclet fyowa  A4132 undevgoes a
clhawge w

ApPeavtwnee 0w passwd towoard  loweyw lumimosity
and  deqomevafes

mib o Cawdw wel] defived lwe w i,
The vatio of thus hwe To ..’u.-ﬂiLErl‘r'I elamaes H

q witlh  luwuwosdt
Approximate absolufe wagnitudes ave: w'thy, +] ;JLLHH,J,E':]J
ﬁ.ndlj.,-..ia&ﬁﬁ'l- pmCas 15 o Wgh-veeaty star.

Cvawmey He- 5?»&:2& SFecm,}
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Plate 42

The Hm’h—wﬂhufﬁ Stax Boss 2527

The specfreva of Boss 2517 15 smdar fo  that of 8 lep, encept
that +he thral type 1 ﬂlﬂ:,h{'lu,r waxlier « The vadial weloeit

of Bow 2327 16 #1346 Kwa /ser . Fyown the wealimess of the CN breals
at A421S awd fhe lwme SYI 4US  1F would be classified s a
subgrant or dwacf. On the other hawd , the vafio A 4017 d07]

Heas YL H' PEE&,
Boss 25271

indicates  thaf o .  a 'E51.|1'l-"l.‘t' ston , sipaler wm 'Eu-xﬂ.-.'naallh._i'

fo o Peg . If analeay fo G'lep 15 consideved wshified the
povallax “of Bos 23527 15 found b be aveemd 0007, Hu:jh L-'E'!ﬂinij
staxs Uke Boss 2527, 8 Lep and o Beo J»':'gé.ﬁ'l' to be “the

only stars lkely to  cavse sergus tveuble 1w usimg  fhe
wiethpd of specfyoscopie  pavallakes. Dbj,w.i':. dhopng, wive waavk ol
pe-t.uhu*rﬂ:h such as the R-N Etrumj axe ummt‘.dmﬁ[q ftt-:a}m:-:a'[‘.r'te
and fam be ehwnuwated . g
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Plate 43

The Vanable Sfar V Vul

V Vil 15 a vavable sfar  of a fype swwlar To RV Taw.
The speefrum  whneh s daouws 15 splay o that of
ihe 65 supevatant 9 FQ‘% . The luwuwmosit Fenfures packieste
o high luminosify — possibly, even hgher  than 9 Pag . The
steength of the CN break af A 4S5, the lwe ok h4230 | and

— 1280
A
a3

= CH

V Vol e —— G5
9 Pecj EEEEE A N S |

fle watewsty of the lwme at Aaxge as mmp.:wfd to A 438%  all
glcm’r fo a vers, high "tummtmi'u:_ for V VUl. The plate of the

abfey was Taew " owm 1040 *E{sze..
Cramer Ho- Speea ".-.Fe:.m'r
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Plate 44

Ll.rmmn!:lhs Ettects At GB

fBo N -
sussera (A L IS GO
T Cet D N I (O v
TN T

(> Boo,0; (3Agh 433 amd T Caf, +6°1.

The specival fupe 15 determuned  from  the vahio Mul 4030-4:54300 (vielet
side of G-bound ). Differences 1 luwwosify ave shown by the vafios
Mo 4045: 4077, 4063:40717, 414414017, and by the difference 1w the
nfensity of the conTmuous spectruwi  on each  sude of ) ANS.

Luwuwnosity Aiffevences ave alse shown by the vaho of the suvface
wfensity of the blends wiear A4176 and A 4200. W addifion, theve 15
a varked difference  n the appeavante ot the  blewd ’|q fne
violed of A4143 on passing frow the quant T the dwarf. ln +he
latfer the blend degewexafes wio a lme weav A3 whese vafio
to A4077 fovwms o sewsihiye diserimmnant for the sepavahion of
ﬁ.u'nﬁ:lnl,pl“i'i_., and .:l_u_m.'rE':\ .H?ll'frlmmm.r:.‘tt absolute maﬂﬂﬁ*ﬂldaﬁ- ONe

Cxamer He- '{;[;ged EPEH&'I

file:///E|/moe/HTML/ASS_Atlas/Plate44.html [10/27/2003 4:23:03 PM]



An Atlas of Stellar Spectra

| M=t Il Ccmtents" F’revi-:lusl

Plate 45

The High-Velocify Star © Lepons

The specivoscopic pavallawes of +his  sfar  vawge  brova 04132  and
ﬂ"-::r'_:lb['Hmmrd) 1o 0'79 [ Mot Wilson ) and ﬂ'fﬂi;ﬁ {"Jtcfn'rm}.'\'ht tysgonomet-
vic patollay 15 of the ovdev of 0°020 or 0'030. The veason fov fhe
dlﬁ{.iﬂpu.n:l.} seems o be the conflicting valves of the 1U'-"¢1'-M'=-1.‘t'lj

evitevia - The breawl of A 4215 LEH] 15 no areatey thaw, w f_‘r.ﬂu:}'! dnd,
o wwch less than wm the owang [5 Boo. Tws wovld gquve a paxallag of
ayound 11 . The vwtio A40T1:A4077 wdiates a qowt | however | awed
sugaasts o pavallay of avound 0°025. Othey cotevs p‘rnhnb‘l-h} e
betweew these optyemes. Thas peehanity occuvs wm ofher hah - velocifyy
n}'”.l.,"lﬂ."j of lasses GS-KI and W ALy be a chovaetevnstie of fhe
aeoup- The tendenay 5 0 wiake the “spectioscopic parallax  foo ayet;
th1s 15 pycbably the explanation of the lowa- stawding  discrepancey
W the case ofF the huh- Ut‘lﬂf-l{'l-ﬁ. f}lmﬂ{' o Bootis.
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Plate 46

Lummumful EfCects At KO

The spechra ave classified fyowa the vahos NA 43254340 and,
A4030-9 5 4300 (viclet side af G-band). Luwanpsity dif€eventes ave shipwan
by the vatigs Fel 4063 .5¢H 4077, FRCA44:40TT awnd by the ksl
dibfevence of the covbiveous 5F£¢‘{‘rum on each side of A 4215,

4215

=M [ 0%
Fa L 4063

AT 4077

— a8

EE Calditi

“— FeL &4q

24
AW

= A4

u
o Cas - DIHNNERTINEEE <O |

CCop | NN (O ||\
n Cep | EIMEEESIEEIER K0

¢ Dva | SEIIEE 0 v
i) HETTE

o

A3z =3

Luminosityy differences  ave alse shoum by +he yoho of

the surface wmbmahies of the blends X 40304 :4(78 . I additon,
the bvead absovplion featere 18 the wiclet of Fel 4144 chaunges
GPPLAYAREE O passiu foward the dwoarks awnd Evnally ._{Eﬁ.ﬁg:.u'mﬂhj,
W% a 'JWL-} et ] d!- vaed  line weay k4132 The valo ok s lee

o A 4077 sholus Tumnungs iy dy feyewees Ayt ok weaTe ab=olule ma.r-}w.{'uiliﬂ
avt; dCes = || o Cep t15; nCep 428; ¢ Py, t6:( .  Cvamex He Spéed Sprew

file:///E|/moe/HTML/ASS_Atlas/Plate46.html [10/27/2003 4:23:05 PM]




An Atlas of Stellar Spectra

| M=t Il Ccmtents" F’revi-:lusl

Plate 47

Hl_?,h LummnalTuj Stavs At WKl

Lummnosity  Tne watios ave: k4045 :4077, 8101 : 4144 , 4325 4340 . In
addition , the CH byeak at 825 has it aralist miensify {E‘:‘.H‘.F‘l‘
m o the carbon shors ] o supergquamts Tke S Cep . Te s
shightly weoker wm O Hex omd ™ weakey  sfill m  the ovdwary
alant & Aur. i

The stars © Cep and B Hex can be soud fo detwe
the spectral tupe KL fovy thew  vespecfive Tuminosity
classes. Thew absolufe wagnitudes axe very uvacertawn " S Cep
15 probably axoumd -4 or -5,whle 8 Hex s pwba..bl‘.’]i
about oo witude Fawter - The absolute waanitude of & Rur

Is pyobably péay +0°5. _ ’
Cramex l-|n.=‘::p12e_d ‘.}?El:'l.:?-}
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Plate 48

L'..i"r‘r‘kl.'r"l.l.:'.‘.-!h-} Effects At K3

The spectral type 15 defevmmed frowa the vodies M 422614725 and
4200: 4290 Luvnosity diEhevenees ave  showw tm} e wafios
AX 40634077 and 4260 4115 .

EE 2

i1 Hspag
- o aw e o
! NRTE

8 And | EIDIEEENEIEIEN <>

$7250 @ MEINEEIEEE SN K5\
th t

Absolfe magmitude diffevences ave wlso shown by the
vatio of the watensity  of the comtwuous spectyum ow eocla
stde of A4S . The ‘obsolule wmagwmtbtude of 5 And v avound
+1°, that of ST29 15 about + 63, Classifuwalion of the <wperquant
15 dwtussed  elsewhaye Cramey HeSpeed Special
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Plate 49

Hm}h Lummﬂmhj Sfavs At K3

dibfevences  ave  shown by the vafws AN 40454077,

LuMmhtt

4063 4077 awnd 4325:4340. The break at A4215 15 wno lonaey a
sensifive mdieatoy of absolute  waguidude  amons, the hu?h Tuwinios
of the tiwve blemds fo the ywolet aof

stays. The vafio of Hw m{gn-_-.'.ft:,
M4d4 chavges with loyaostt

ity

The absolute m.slr,im'l‘udﬂ of & And 15 avoomd +1. The luminpsifies
of the ofher sfars are very uaeertan ; theve cam be Uitle

deubt | howevey | that they aye oxtamged w  oedey of de-
CYeasing lommnosity . The absolefe ma.s:'hm*mda ot e 'i:'nr})

15 Ewaba.'u"ln.:, axound -4 ox -95.
; Cvovaey  Me- 'Erpe!d. Efer_m}
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Plate 50

Lummesﬁq Effects At K5

The spectval type s defexwuned frowa the yatios Ah4126:4325
ond 4290:4299, Diffevences 1n dbsolute yifude ave chown by
the valios AN 40634077 and 42.60:42(5 . In addibipn, o wumberx
of lives which ave enhawced w the spetium of Gl CygA ave
enciosed m o bvackef m the vegiown of A A400 -

e =] =
= - H
R T
= ._'-EH,EJ""‘ o - ]
A T F 3 T o
\ b L I T

o Tau  EMEENEEESINEE 0 EmIEEE. S |
6l Gyg A Ko V

LA

i ————

' i *-._I'_-..ﬂ_ |'-.__
32
=i

The absolute magmtvde of « Tav 15 avound -09.That

e 8-0 .
of Iuﬂn et ¢ Cyvawmer He EFEQ"" Special
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Plate 51

The M Giant Be%ucﬂ-::.ﬁ:.

(2o 00 Dedowae  wavd  STv

1 =5

4743
ol
43L5%

Syl 407
4

Fel-HL

el q184

Cal 421h
|

: $1a8ase
@Awi
Ip.EJem .
H.Lt.hﬂ"
RT Vir

I
o %=
[Ty L=y

=7 - HM-#QL.\_‘F-
HoR @R ELNs
i q-'-—lﬂ'ﬂ'ﬁ'dﬂ'qﬂ::

wing wed

Yeoow ~ A 4000-5000 simulafes o
hiﬂ}htf *'I'E.mPeca{’U':‘E.

The TO bovds appeay af MO awmd owww umbormly strovger
withy ILLI'-‘I.U[I.I'.(-I.\\'."} [LqIFE-'[hE. tambter TLO bonds
W the lafest M classes | The

the  blue

speclral fypes art “om HiR Moumt Widson susheim.

:
E

&%
HE] —

The suppression of fthe blue -oreen veaun by TLO 15 wvevy
w the aduvanced M speetra. In the case of
RT Vivginis the speckral evemy dstabohion w the
stax of rrm’.-.ld.ufab{{,j

Crawvaey m-":-rl:em E?E.:.m
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Plate 52

The M Sequence 1s A Tempevature 5eclhumcep

The spectml tupes of the ooy slavs weve defexmmed fyom the Ti) bawnds
W the h'tut-n.flmn Yegum (nn:r'i’ shoaw v Hae ﬂlu*.-.fmfnu‘-\:ll.'fht avyavazimen’  n
avdey of mertasing  band ﬁ.bmpl‘mn s the f‘l:n!il-:u.-mmg._I chavacfenstics: the
strongy Fel lies haling excifchon potenfials of amumd 16 volts ayaw sypfewate
eatly weokex; vifimate Tiaes of LT, Gl and &I qaw systematicodly -:111:'-5_.5.{;.

- =k .
W

f 135 :

iy Ok L

£ E Ee &

I | 1| |

fed 0 OSEEEREER  REREE FE AR SR W s N

L L IOF
B e —————r1

Y UMy e S EN IR i S Smamsa MG

the WL paw sihafed on each side of Fel 4045 and blewded wnth f oM fhe
spectra shown , become  sasfematically sfromger. This 15 shown by the chanae
Wt width of the Tiwe frowe MO o MB. These changes indieate that

sthrs 'anq, the $|:":T.'-‘I-"-Blt.5'l' bawds how alse the lowest excrintion fr’empt.*{-
afures  awong the M shs, Thes, thus show  Heat the TLO puads  do

neT pess Tivowgh o worwiiwa  of femsriy - The plates weve takien by Keewam
whibie  Hae Me Domald 82- pach  veflectoy and o 5?::1\'-1}%1.& quing o
dvspersion of 65 A pav mw at A 4200 . The proopessive changs da  the

T spectya of He}m“tﬁ. was  foet descvibed e deta) [;:.r.:+ Mevu
and s assocafes ot Mouwt Whilson . F'mj'l'-ﬂ. ‘Bu?ﬂ Plewachvowe. Frass
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Plate 53

Luminosity Effects In The Em"lu} M Giants

he spectral Tupes weve defexmwed From the witensity of the
veewn 110 bowds , wheh ave wat shown wa e 1Yuityation .
The lwe Col 4226 has a  pyonounced  peaative absclute
wagmitude effect. The CN break at A4215 15 present w

JEee
possibly  famtly FW%H‘!T M & Seco o s

, and  probably absent nﬂ-’KFbj

(o Cop TR 12 |a
a Sco  INMBIIENNNN M| |

B PECB BN SN 2
TR

L'..!ﬂ"..l".:'!-'a“l.j Yime vafios ave: Ak 4215 24260, 435764385 , and 4%86:4333,
The absolute magnitude of A.LL”,-:.' (s ?T-:'Dd.b}‘tj avound -G,
that of & Sco 1§ neax - -{].{ F'mzu.J appeays fo be aw

ovdwmary M giant with an absolufe wagnifude of about 0.

Cxowdy - %?ce-r{ ‘:.:.rlje.:.m_'l
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Plate 54

A Cavbon Star And A Lm_:j Fenied Navioble

The spectum of HD S2432 ( uPpu] confawns strong, bawnds of
Ca and CN.lts spectval type on the R-N sustem “w RS ; +hs
corresponds fo awm é-qiuwn.iu\t spectyal type af avounmd K4.
The speefogram was dkew on Aqfa Super Plewadwome Brss Film,

=
I . o . & 9

2% 2§ 3 2 5 A

i = H o bt - by
=l = | o e W iy W

S R n BN DN 0 AN I

Iy T TN e

LR ] L1 MUNKE YET PV WV
=gegus @ g § haigy é‘*;ﬁ 3 g% z
g EE = o 0

The spectrom of o Cefe (lower) has stony bands of TLO,amd
the ulfmate lwes o DI, &L owd AL T ave W2y E.ﬁm{} W
absotpfion . There oxe alse o number of stoong  enussion
lines present, mcudwg the Balwee lwies ,$0I 3905, and Fe T 4200
and 4376 . The specfrum was taen  on Vv 21940, whew
Miwea  was weay the  ewdhth  wagnitude , approaching, gt
Mg, Cvomex He- Speed Speaa
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Plate 55

The Banded Stavs ln The \Visuval Reayion

The vaviovs kinds of banded spectra cam be vecoguized and
bﬂfma.fﬂd fvom each other ow plafes of the yellow-ve
TEOI0M R aving Mnf, low  clispevsion . :]I.JE-.I:|I1|"~JIM of 159726
bas 'v:-amn:,mve s .mum? el w.han.ftf‘l at the TDearborn
Gbatrvmaﬂj It and iguu-rum af WZ Cas AN €

D

| | ¥ zvo
kro V- I~
§ Pex I . T M
+'|5a"':"_[3 M %
WZ Cas et SRS 1
RY Mon | -- R

'l:i.-"1 i”

evidence of wveyw Jow fempevature. The plates on which

the thvee centval spectva weve sbtawed hod sensitivify

e-laﬁmdmnj fayther wto Hie ved thon did those wf‘
Pet amd RY Mon. Ha shows as a strong ewmission

ime niay the vig fiboand oF the <peefviu of RLU_,-H The

specton extend 'Efljm axound A S400 to LL{}G(M the cse

E the N avd 5 5 1:'5}
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