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capable collaborators.

Above all, thanks go to Dr. Hilmar W. Duerbeok who contributed about 20 % of the

spectra used in the atlas. Without his excellent assistance the completion of
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His untiring attention and valuable advice during all stages of preparation of

the atlas were equally indispensable.

It is a pleasure to thank Professor Dr. Hans Schmidt, Director of the Bonn

Observatory, who extended his generous hospitality to me on numerous occasions,

thus permitting me to carry out this project at Hoher List, even after I had

accepted a position in the USA. It is due to his efforts that financial support

for this project was secured.

Alice Lindner-Koch proved to be as dependable and efficient in performing the

laborious task of labelling the atlas plates as in the first part of the atlas.

Several of my American students participated in the preparatory work.

Drs. Carlos and Mercedes Jaschek and William and Vicki Sherwood gave valuable

advice.

Again, it is a pleasure to acknowledge the extreme care exercised by the print-

ing company, Graphische Kunstanstalten E. Schreibers Stuttgart, especially the

competent work of Harry Hafner, Gunter Holl and Werner Kind.

Thanks go to the administrations of Smith College and the Five College Astronomy

Department (and my deserted students there) for granting a number of leaves

during which I had the opportunity to work on the atlas.

The Deutsche Forschungsgemeinschaft supported the atlas with several grants which

are most gratefully acknowledged.

Spring 1975 Waltraut Carola Seitter
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I. INTRODUCTION

1. Objectives and Correlation with the MK System

PART II of the Bonner Spectral Atlas presents side by side MK standard spectra of

(reciprocal linear) dispersions 645 and 1280 A/mm at Hy . The application of the

MK system is thus extended to low and very low dispersions following the objectives

stated in PART I (1) of the atlas:

To Link the. claAAtfitcation o{ objzcttve. pnAJ>m i>pe.cth.a
t eMpe.oJjxXZy tho&e.

o£ low dUpeAMton, to the. MK i>yi>tem*

To approach, the. cJbu&l^tcation accuracy ofa the. MK Ay&tem ou> cloAeJty cu>

po66tble, wtthtn the. tn6tnume.ntal JUjtnitA.

All stars displayed in PART I and PART II of the atlas are taken from the catalogue

of MK standard stars of 1953 (2) . The 159 different types are represented by the

same stars in all three dispersions (with the accidental exception of KO III) . The

arrangement of the stars is the same on all atlas plates so that intercomparison
**

of the spectra taken with different dispersions is facilitated.

The combination of PART I and PART II then gives:

The, coltateAol pn.eAe.nta£Lon o^ di^eAe.nt dLL&pe/ti>ton6 tn ondex to tnja.ce.

the. change. o£ uAe.faudL cnJXexJja tn pn.ocze.dbiQ to AmalteA fieMolatLovUi . It

&eAveA cu> an aid In InteApolattng cnJXexJja fion. du>peAAtoni> oven. the. total

njange. 240 - 1280 A/mm at Hy .

2. The Revised 1973 System of MK Classification

During the period in which PART II of the Bonner Spectral Atlas was in preparation,

a revision of the MK system was published by Morgan and Keenan (3) . A comparison of

the 1953 and the 1973 standards is given in the Bonner Spectral Atlas Supplement^) ,

Throughout the second part of the atlas we retain the unit Angstrom for wave-
length measures in order to be consistent with the first part. The unit
nanometer , which will be in official use in some countries starting in 1976,
is larger by one decimal place:

1 Angstrom =0.1 nanometer = 10 meter.

Thus all numbers given in the text and on the atlas plates can be transformed
into the new unit through division by 10.

A small change in the scale of the atlas plates of PART II was requested by
the printer. The alignment of plates from the two parts is thus not perfect.
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Here it has to be explained why we did not use the revised "dagger - system" and

what the resulting errors in the Bonner Spectral Atlas are.

Five reasons made it desirable or justified to retain the 1953 MK system:

1) PART I of the Bonner Spectral Atlas was already published and for PART II all

observational work had been completed before the 1973 system became available.

2] Our primary purpose, the use of several dispersions side by side for the same

stars, could not have been accomplished if in PART II we had changed the stars

according to the new system.

3] So far, relatively few stars of early and medium types define the new system

(though additional standards from various sources are suggested by Morgan)

.

A more complete coverage of types, however, leads to a higher classification

accuracy, which partly balances the defects of the older system.

4) Considerable overlap exists between the two systems. All stars common to both

are marked in the LIST OF STANDARD STARS according to a key given on page 19.

5) It is shown in reference (4) that the errors introduced through the use of the

older system lie largely within the accuracy expected at the low dispersions

used in the Bonner Spectral Atlas.

3. Classification Accuracy

The classification accuracy at all three dispersions (240 A/mm at H Y in PART I;

645 and 1280 A/mm at H y in PART II) is considerably larger than has hitherto been

expected for dispersions less than about 100 A/mm. A detailed discussion of the

classification accuracy attainable on low-dispersion spectrograms is given in the

Bonner Spectral Atlas Supplement (4). In the present introduction it may suffice

to list in TABLE 1 the mean errors in spectral types and luminosity classes for

the different dispersions, obtained according to a method described in (4). For

comparison, estimates made by M. and C. Jaschek (5) are given.

TABLE 1

09- M2
V - la

a*

240 A/mm 645 A/mm 1280 A/mm

S

L

± [0.31] 0.16 (0.16)

± [ 1.2 ] 0.8 ( 1.0 )

0.16 (0.16)

1.0 (1.5)

0.31 (0.23)

1.5 (1.8)



S = specttal type

The numbers are errors in spectral classes of the sequence 09 - M2 . The numbers
in brackets are estimates by M. and C. Jaschek (5); the values in square
brackets are uncorrected earlier estimates which include larger personal
errors.

L = luminosity class

The numbers refer to seven luminosity classes (V, IV, III, II, lb, lab , la) . The
numbers in brackets are estimates by M. and C. Jaschek (5); the values in

square brackets are uncorrected as above.

II. TECHNICAL DATA

1 . Instrument

As in PART I of the atlas, the instrument used for observation is the 340/500/1375 mm

(diameter of correcting plate/mirror diameter/focal length) Schmidt-telescope of

the Hoher List Observatory of Bonn University.

The data pertaining to the prisms used in the second part of the atlas are given

in TABLE 2 and TABLE 3.

TABLE 2

Glass
F3

Refractive Index at h

1.62464
Angle of Refraction

2?67

Reciprocal Linear Dispersion in A/mm at Different Wavelengths

3500 A 3700 A Hv Ha 8000 A

260 350 645 2200 4100

TABLE 3

Glass
UBK 7

Refractive Index at h Angle of Refraction
1.52198 3?12

Reciprocal

3500 A

600

Linear

3700

755

Dispersion in A/mm at Different Wavelengths

A Hy Ha 8000 A

1280 3800 7000
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3000 4000 5000 6000 7000 8000 A X

FIG. 1. Wavelength resolution AX in Angstrom units as a function of wavelength A fordispersions 240, 645 and 1280 A/mm at H y at the Bonn Schmidt telescopewith 2" seeing. r

The different changes in slope with wavelength of the three curves resultfrom the fact that the two higher dispersions are obtained with flint glassprisms CF3) and the lowest dispersion with a crown glass prism (UBK 7)

t-.
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The wavelength resolution AX (separation in Angstrom units of two sharp lines which

are just resolved) at 2" seeing (other effects neglected; equivalent to medium re-

solving power of the photographic emulsion) is determined according to Bowen (6)

through the relation

AX = T • 3 • K
where

AX = resolution in A
T - focal length of the telescope in mm
|3 = seeing in radians
K = (reciprocal linear) dispersion in A/mm.

The relations for all three dispersions used in PART I and PART II of the atlas are

shown in FIG. 1.

2. Plate Material

In order to produce comparable spectra, the plates used in PART II of the atlas are

the same as those in PART I, Kodak I-N plates. For justification of this choice we

refer to Chapter 3.b in the first part of the atlas. Among the advantages cited

there are the availability of the red and infrared regions which become useful for

late-type stars and emission-line objects. This is most important in view of further

parts of the Bonner Spectral Atlas which display and describe stars not included in

the 1953 MK system, among them very late-type stars, Wolf-Rayet stars and novae.

The most important quality of the I-N plate, however, is its steep gradation and

good grain size. The latter is essential when the width of features looked for is

of the order of magnitude of a few grains, as is the case on low-dispersion spectro-

grams. While the Illa-J emulsion is somewhat superior in this respect, it lacks the

quality cited in the above paragraph.

The role played by grain size is obvious from the enlargements. In this context we

must explain the remarkable differences between plates which result from different

developing times. Rodinal in concentration 1:20, the developer which was used in all

cases, gives good grain size only up to developing times of 7 - 8 minutes. Longer

times, up to 20 minutes, increase the plate density at the cost of small grain size.

For faint stars developing times leading to coarser grain were necessary because the

high reciprocity failure of the I-N plate gives insufficient gain with increased ex-

posure times.

Extensions of the Bonner Spectral Atlas3 PECULIAR STARS and AN ATLAS OF NOVA
DELPHINI 1967 are in preparation.
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The much more noticeable grain in the reproductions of PART II of the atlas as com-

pared to PART I is, of course, explained by the fact that the enlargements of the

spectra in the second part are larger by almost a factor of two.

3 . Exposures

Most spectra were obtained during the years 1970 - 1972, with some exceptions from

earlier and later years. Exposure times range from 1.5 minutes with reduced aperture

to two hours with clear aperture.

4. Reproductions

Six steps lead from the original negatives of the spectra to the prints displayed

in the atlas:

7 ) QnXgivwdL UzgatlveA

The original negatives are the photographs obtained at the telescope.

2) ItvteAmzdieute, Po&aXlvza

The original negatives are enlarged nine times on Agfa N 33 p film (see PART I,3.d)

leading to intermediate positives. At lower dispersions focussing became ex-

tremely trying.

3) VapoA. N&gcutiveA

The enlarged positives are copied on paper Tuva Brom 11 PEW3 soft (for PART I:

Agfa Bvoviva BEW 1, extra soft) leading to paper negatives with total enlarge-

ments of 22.5 for dispersion 240 A/mm and about 40 for the two lower dispersions.

The enlarged negatives are assembled on plates S and L (see below) , important

features are marked and comments are written on the L-plates.

4) Pointing Photognaphi*

The plates are photographed with a reduction to about 2/3 of their original sizes

as the first step in photo-printing. Separate films are obtained for the half-tone

spectra and the high-contrast writing. Retouches of plate defects, considered un-

avoidable by the printer, were carried out under close supervision by the author

to insure that spectral features were not affected by the process.

5) PsUnting PlateA

The copies of spectra and texts obtained in step 4) are combined on the gelatine

of the printing plates through double exposures.

6) ktlou, PhlwU

About 500 prints are obtained from each printing plate.
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In spite of the extreme care exercised by the printing company, the above process

cannot preserve all information that is available on the paper negatives. No loss

of information occurred between the original negatives and the paper negatives.

All statements made in the texts are based on the paper negatives. Because of the

losses indicated above, it is not always possible to verify the written comments

through inspection of the reproductions. In these cases the text should be taken as

the primary source of information.

III. APPROACH TO SPECTRAL CLASSIFICATION

1. Number of Criteria

In PART I of the spectral atlas it was stated that, in order to achieve high classi-

fication accuracy at low dispersions, an approach different from that usually taken

in spectral classification has to be followed. It is necessary to make use of large

numbers of criteria, to perform a detailed study of the "totality of lines, blends

and bands" referred to by Morgan in (3)

.

Extensive work with low-dispersion spectra has strengthened our conviction that

classification must be based on as many criteria as are available. For this purpose

the Bonner Spectral Atlas Supplement (4) supplies virtually all criteria which are

useful at the three atlas dispersions.

Explanations for the above requirement are given in points a) - d) of Chapter 1 in

PART I of the atlas where seeing and exposure effects and plate defects are discussed,

While we should like to emphasize all that is said there, we want to expand on the

statement concerning the widening of spectra, one of the major prerequisites for the

recognition of criteria.

2. Widening of Spectra

It has been realized by several investigators, e.g. Morgan and Keenan (3), that ample

widening of spectrograms is important for high accuracy in spectral classification.

This message has not yet reached all observers and the astronomical literature shows

that, especially for objective prism spectra, the optimal width is frequently under-

estimated.

We have often noticed that on insufficiently widened spectra spurious lines appear

or real lines disappear because of smudges or even chance configurations of plate

grain. The Spectral Atlas Supplement (4) gives examples illustrating the statement:

HahAoui oj> will cu> faaLnt ^QjoutxjjiQj> K<LqyJjvL length to be. .aeeja.
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Since the effect is most pronounced for intrinsically weak lines at low dispersions

(the decrease in contrast between features and background with decreasing resolution

can be followed on the R-plates) two rules should be observed:

1) The widening of the spectra must be large.

2) The widtH/length ratio of the spectra must

increase with decreasing dispersion.

Our own results are good at ratios:

1/14 for dispersion 240 A/mm at H

Y

1/7 for dispersion 645 A/mm at HY

1/5 for dispersion 1280 A/mm at Hy

for the long I-N spectra. On blue-sensitive plates with shorter images these ratios

should be increased by a factor 1.5. (See Bonner Spectral Atlas Supplement (4) for

widening at higher and lower dispersions and corresponding diagram)

.

The above ratios are approximately reproduced on the atlas plates and the reader can

judge for himself how far below these ratios one can go and still retain sufficient

information.

The gain in limiting brightness with decreasing dispersion depends, of course, on

the widening. TABLE 4 shows different gain factors under three different assump-

tions: I. Equal width at all dispersions. II. Changing width/length ratios accord-

ing to the above values. III. Equal width/length ratios at all dispersions.

TABLE 4

Assumption 240 A/mm 645 A/mm 1280 A/mm

I. Equal width

II. Changing ratios

III. Equal ratios

1

1

1

2.7

5.4

7.2

5.3

14.8

28.4

3. Types of Classification Criteria

Four types of classification criteria are distinguished at all three dispersions

7) &Ln&>

2) blmcU

3

)

bandA

4) continuum fizcutuAeA.
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From the atlas plates it is seen that in:

EARLY- TO MEDIUM-TYPE STARS

Strong lines (e.g. H-lines) are retained between dispersions 240 A/mm and 1280 A/mm

at Hy or replaced by blends to which these lines are the main contributors.

Single weak lines disappear at low dispersions.

Weak lines with weak neighbours may combine into noticeable blends.

The most important continuum feature, the Balmer discontinuity, appears enhanced at

lower dispersions.

MEDIUM- TO LATE-TYPE STARS

A few of the strongest lines (Call, Cal) show relatively small contributions from

neighbouring lines. All other lines are heavily blended.

Fairly uniform and broad blends extend over those regions in which absorptions of

comparable strength occur within wavelength intervals comparable to the wavelength

resolution (e.g.,MnI,FeI,SrII 4031-4078 at lower dispersions).

Spectral regions with only very weak absorptions over wavelength intervals large

compared to the wavelength resolution appear as "emission-like" features enclosed

between absorption-rich regions (e.g. around A 4500 at higher dispersions).

Molecular absorptions (CN, TiO) appear generally strengthened at lower dispersions

due to the fact that the individual band components overlap and due to additional

superpositions of line-absorptions.

Band heads are better defined (sharper) at higher dispersions.

At lower dispersions blends of metallic lines, which occur near the same wavelengths

as the TiO bands and appear structurally similar, produce mock-bands in earlier

spectral types.

IV. DESCRIPTION AND USE OF THE ATLAS

1 . Contents

The atlas consists of 57 plates with reproductions of spectra, 4 plates with trac-

ings of spectra and 6 plates with verbal descriptions of spectra. They are labelled

PI (Spectra in Original Sizes), CI - C6 (Verbal Descriptions), SI - S24 (Spectral

Types), LI - L32 (Luminosity Classes), Rl - R4 (Spectral Tracings).
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Plato, PI [SpzcXn/L In Original Size*}

Plate PI shows the original sizes of spectra as obtained at the telescope with the

three dispersions used in PART I and PART II of the Bonner Spectral Atlas. It is

intended to illustrate with this plate the extreme difficulties encountered in re-

producing the spectra with the enlargements shown in the atlas and to explain why

certain features described in the texts may not be readily visible on the atlas

plates (see Section II. 4).

Platte CI - C3 {645) and C4 - C6 [12Z0) (VoAbal VteCAlption)

Plates CI - C3 give brief summaries of the major classification criteria in dif-

ferent ranges of spectral types at dispersion 645 A/mm at Hy , Plates C4 - C6 give

the same for dispersion 1280 A/mm at Hy . The information should suffice for rough

determinations of spectral types and luminosity classes. Finer subdivisions are

found according to the procedure described below.

Platte SI - S14 (SpcctAal Typte)

Plates SI - S24 illustrate the sequences of spectra from the hottest to the coolest

stars of the MK system within each of the luminosity classes. Spectra with dispersion

645 A/mm at H Y are shown on the right-hand side of each plate, spectra of the same

stars with dispersion 1280 A/mm at Hy are shown on the left-hand side. Each plate

gives in the upper and lower parts, adjacent to the spectrum photographs, schematic

drawings of line spectra resembling the nearest photographic spectrum. They are in-

tended to aid in line identification. Most absorption features visible in the origi-

nal spectra are marked with wavelengths and spectroscopic symbols according to

Moore (7); only major contributors to blends are listed.

The arrangements of the spectra are identical to those of the same plate numbers in

PART I and comparisons of the spectra at the three different dispersions are possible

through alignments of corresponding plates from PART I and PART II. (As mentioned a-

bove, technical reasons required a- slightly smaller scale for the plates of PART II

so that the alignments are not perfect)

.

Platte U - 111 {LuminoAstty ClaAAte)

Plates LI - L32 compare stars of the same spectral type but different luminosity

classes. The two dispersions are shown in the same order as on the S-plates. Each

spectrum is accompanied by a schematic spectrum showing the features which can be

used for luminosity classification as well as features which experience no signi-
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ficant or no systematic variations and can thus be used for comparison. The classi-

fication features are identified in the upper part of each plate, separated accord-

ing to whether they show maximum strength in lower or higher luminosity classes.

The comparison features are identified in the lower parts of the plates.

The strength of each feature is estimated on an arbitrary scale based on the apparent

strength of the atmospheric A-band in early-type stars where it is not drowned in the

stellar continuum. In order to obtain an evaluation of the quality of the estimated

line strengths comparisons were made with published equivalent widths. The results

are discussed in the Bonner Spectral Atlas Supplement (4).

Verbal descriptions of the major luminosity criteria are given at the bottom of the

plates.

VJbxtte R1 - n (645), R3 {1280), R4 (645,1280) (SpavOwJL TxaUng*

)

Plates Rl - R3 give computed tracings of the solar spectrum based on the revision

of Rowland's table by Moore, Minnaert and Houtgast (8). In order to derive the arti-

ficial tracings, the strengths of all absorption features present in a wavelength

interval equal to the resolution of the spectrum are added and displayed as a func-

tion of wavelength. The intensity scales in mA correspond to those used in PART I

corrected by factors which take into account the larger wavelength intervals over

which the line strengths are averaged. As in PART I, the continuously changing re-

solutions of prism spectra are approximated by 13 steps. Their widths range from 3 A

in the ultraviolet to 60 A in the infrared for dispersion 645 A/mm at Hy , and 7.5 A
to 100 A for 1280 A/mm at H y . The resolutions obtained with the three different ob-

jective prisms for 2" seeing are also shown in FIG. 1.

The intervals in which a given step width is used are indicated at the bottom of the

Rl - R3 plates. Also listed are the factors by which the units along the abscissa

and along the ordinate have to be multiplied in order to go from the listed numbers,

which apply to the interval of shortest wavelengths, to the values valid for the

other intervals.

For comparison with the computed intensity tracings, portions of density tracings of

the G2 V star HR 483 as obtained with dispersions 645 and 1280 A/mm at H y are given

on plate R4.

The wavelengths and spectroscopic symbols of the most important contributors to a

given absorption feature are listed in the upper parts of the R-plates. Their

strengths are indicated on Rl - R3 through the lengths of the corresponding arrow

tails up to the zero absorption level; on R4 the lines simply connect the features

with their respective identifications.
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The R-plates show the following:

With low resolution and large numbers of absorption lines per resolution

interval, most lines contribute to the overall depression of the con-

tinuum rather than to individual absorption features, which tend to occur

only around the strongest lines. The former leads to a loss in limiting

magnitude, especially in the ultraviolet, which partially counteracts the

gain obtained through the use of lower dispersions.

At lower dispersions even strong lines and blends appear increasingly

washed out and their separation from the continuum becomes more difficult.

These disadvantages, however, may be used to derive new classification

criteria (e.g., the presence of an absorption feature in a more limited

range of types helps to segregate this group from others)

.

The blend patterns on the computed tracings facilitate the identification

of absorption features in late-type stars. The major contributors to

blends can be obtained from the listings.

2. Classification Procedure

The classification procedure is as follows:

I. With the aid of the Opiates the unknown spectrum is fitted into the se-

quences SI - S24, a process which yields simultaneously, a preliminary

range of both spectral types and luminosity classes.

II. The first step sets aside a small number of plates from the LI - L32 group

from which the most similar standard spectrum can be found or interpolated,

i.e., that spectrum is chosen from the preselected ones, for which a

majority of line intensities, ratios and other criteria agree with those

of the unknown spectrum.

For the choice of criteria the complete catalogue of criteria in the

Bonner Spectral Atlas Supplement (4) should be consulted.

The interpolation process mentioned in II. refers to types which are not represented

in the sequence of standard stars as well as to dispersions which lie in the range

240 - 1280 A/mm at Hy .

Intercomparison of several unknown spectra which are arranged according to pro-

gressing spectral types facilitates the classification process.
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EXPLANATION TO THE LIST OF STANDARD STARS

The column headings of the following list are self-explanatory.

The objects marked by crosses and asterisks are common to the

1953 and the 1973 MK systems:

t stars having the same types assigned in both systems

*t stars having finer subdivisions in the new system, but the
same basic types

* stars having revised types in the new system

(mean revision: 0.07 spectral classes
0.6 luminosity classes).
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NO. HD HR NAME RA DEC Aa A6 VISUAL TYPE
1900.0 MAG

h m s ; s t

1 2146 80 8622 10 Lac 22 34 46 + 38 32 + 2.69 + 0.31 4.88 t09 V
2 3 74 68 1931 a Ori 5 33 44 - 2 39 + 3.01 + 0.03 3.75 109.5 V
3 3 65 12 1855 v Ori 5 27 6 - 7 23 + 2.90 + 0.04 4.63 f B0 V
4 247 60 1220 e Per 3 51 8 + 39 43 + 4.03 + 0.17 2.88 * B0.5V
5 24131 1191 - 3 45 30 + 34 3 + 3.84 + 0.18 5.76 Bl V

6 33 60 153 f Cas 31 24 + 53 21 + 3.34 + 0.33 3.61 * B2 V
7 1203 15 5191 rjUMa 13 43 36 + 49 49 + 2.36 -0.30 1.86 tB3 V
8 19 8183 7963 XCyg 20 43 31 + 36 7 + 2.34 + 0.22 4.47 B5 V
9 2 33 38 1145 19Tau 3 39 15 + 24 9 + 3.57 + 0.19 4.29 * B6 V
10 8 79 01 3982 a Leo 10 3 3 + 12 27 + 3.19 - 0.29 1.36 B7 V

11 2149 23 8634 ?Peg 22 36 28 + 10 19 + 2.99 + 0.31 3.47 B8 V
12 196867 7906 a Del 20 35 + 15 34 + 2.79 + 0.21 3.77 * B9 V
13 22 26 61 8988 gj2 Aqr 23 37 32 - 15 6 + 3.11 + 0.33 4.48 B9.5V
14 172167 7001 a Lyr 18 33 33 + 38 41 + 2.03 + 0.06 0.04 t A0 V
15 17 00 73 6923 39 Dra 18 22 27 + 58 45 + 0.88 + 0.03 4.85 Al V

16 12 80 63 6 And 11 52 + 38 8 + 3.14 + 0.33 4.61 A2 V
17 5 65 37 2763 X Gem 7 12 21 + 16 43 + 3.45 -0.11 3.58 A3 V
18 9 76 03 4357 8 Leo 11 8 47 + 21 4 + 3.19 -0.33 2.55 A4 V
19 1 16 36 553 |3 Ari 1 49 7 + 20 19 + 3.32 + 0.29 2.65 A5 V
20 69 61 343 Cas 1 5 1 + 54 37 + 3.66 + 0.32 4.33 A7 V

21 5 89 46 2852 p Gem 7 22 41* + 31 59 + 3.86 - 0.12 4.16 F0 V
22 113139 4931 78 UMa 12 56 26 + 56 54 + 2.57 - 0.32 4.93 tF2 V
23 2 66 90 1309 46 Tau 4 8 10 + 7 28 + 3.23 + 0.15 5.32 F3 V
24 2100 27 8430 t Peg 22 2 21 + 24 51 + 2.79 + 0.29 3.76 F5 V
25 173667 7061 110 Her 18 41 21 + 20 27 + 2.58 + 0.06 4.20 F6 V

26 168 95 799 Per 2 37 22 + 48 48 + 4.10 + 0.25 4.12 F7 V
27 98 26 458 v And 1 30 56 + 40 54 + 3.52 + 0.30 4.08 F8 V
28 46 14 219 17 Cas 43 3 + 57 17 + 3.63 + 0.32 3.45 GO V
29 115043 — — 13 9 32 + 57 14 + 2.44 -0.32 6.74 Gl V
30 103 07 483 —

1 35 42 + 42 7 + 3.66 + 0.30 4.94 G2 V

31 2 06 30 996 /cCet 3 14 7 + 3 + 3.15 + 0.22 4.82 G5 V
32 101501 4496 61 UMa 11 35 47 + 34 46 + 3.16 -0.34 5.35 G8 V
33 185144 7462 a Dra 19 32 33 + 69 29 - 0.12 + 0.10 4.68 KO V
34 2 20 49 1084 e Eri 3 28 13 - 9 48 + 2.83 + 0.20 3.73 K2 V
35 219134 8832 — 23 8 28 + 56 37 + 2.89 + 0.33 5.57 K3 V

36 201091 8085 61 Cyg A 21 2 25 + 38 15 + 2.69 + 0.29 5.19 tK5 V
37BD+56°1458 - — 10 24 2 + 56 31 + 3.86 -0.31 (8.9) K7 V
38 14 73 79 — — 16 16 29 + 67 29 + 0.19 - 0.15 8.9 MO V
39 9 57 35 — — 10 57 52 + 36 36 + 3.32 - 0.32 7.60 M2 V
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NO. HD HR NAME RA DEC Aa A5 VISUAL TYPE
1900.0 MAG

h m s t s t

40 8 86 39 7 Peg 8 5 + 14 38 + 3.09 + 0.33 2.83 tB2 IV

41 1473 94 6092 r Her 16 16 44 + 46 33 + 1.80 -0.14 3.89 fB5 IV

42 149 51 702 £ Ari 2 19 27 + 10 9 + 3.22 + 0.27 5.49 B7 IV

43 47105 2421 7 Gem 6 31 56 + 16 29 + 3.47 -0.05 1.93 A0 IV

44 21 1336 8494 € Cep 22 11 21 + 56 33 + 2.21 + 0.30 4.19 F0 IV

45 4 32 21 0Cas 3 50 + 58 36 + 3.20 + 0.33 2.25 * F2 IV

46 1 14 43 544 a. Tri 1 47 23 + 29 6 + 3.42 + 0.29 3.53 tF6 IV

47 2163 85 8697 a Peg 22 47 20 + 9 18 + 3.04 + 0.32 5.22 F7 IV

48 22 06 57 8905 v Peg 23 20 23 + 22 51 + 2.99 + 0.33 4.51 F8 IV

49 15 06 80 6212 f Her 16 37 31 + 31 47 + 2.26 - 0.11 2.82 * GO IV

50 16 17 97 6623 ju Her 17 42 33 + 27 47 + 2.35 -0.03 3.35 G5 IV

51 1885 12 7602 0Aql 19 50 24 + 6 9 + 2.95 + 0.15 3.71 fG8 IV

52 198149 7957 r\ Cep 20 43 15 + 61 27 + 1.22 + 0.23 3.43 K0 IV

53 22 2404 8974 7 Cep 23 35 14 + 77 4 + 2.46 + 0.33 3.22 Kl IV

54 3 70 43 1899 tOri 5 30 32 - 5 59 + 2.94 + 0.04 2.77 f 09 III

55 4 84 34 2479 - 6 38 22 + 4 2 + 3.17 -0.06 5.74 BO III

56 1849 15 7446 k Aql 19 31 31 - '7 15 + 3.23 + 0.13 4.96 BO .5111

57 2 3180 1131 o Per 3 38 3 + 31 58 + 3.76 + 0.19 3.82 t Bl III

58 2149 93 ^8640 12 Lac 22 37 + 39 42 + 2.69 + 0.31 5.22 B2 III

59 2 14 83 — — 3 22 38 + 30 2 + 3.68 + 0.21 7.06 B3 III

60 2 29 28 1122 6 Per 3 35 48 + 47 28 + 4.27 + 0.19 2.99 B5 HI

61 195810 7852 e Del 20 28 26 + 10 58 + 2.87 + 0.20 3.98 B6 III

62 2 36 30 1165 77 Tau 3 41 32 + 23 48 + 3.57 + 0.19 2.86 fB7 III

63 2 38 50 1178 27 Tau 3 43 13 + 23 45 + 3.57 + 0.18 3.62 tB8 TII

64 1764 37 7178 7 Lyr 18 55 12 + 32 33 + 2.24 + 0.08 3.25 B9 III

65 1868 82 7528 SCyg 19 41 51 + 44 53 + 1.87 + 0.15 2.92 B9.5III

66 12 32 99 5291 a Dra 14 1 41 + 64 51 + 1.63 - 0.29 3.64 AO III

67 5 0019 2540 Gem 6 46 12 + 34 5 + 3.95 - 0.07 3.59 A3 III

68 159561 6556 a. Oph 17 30 18 + 12 38 + 2.78 -0.04 2.08 A5 HI

69 12 77 62 5435 7 Boo 14 28 3 + 38 45 + 2.42 -0.26 3.03 A7 III

70 14 75 47 6095 7 Her 16 17 31 + 19 23 + 2.65 - 0.14 3.74 A9 III

71 8 90 25 4031 ? Leo 10 11 8 + 23 55 + 3.34 -0.30 3.43 tFO III

72 13174 623 14 Ari 2 3 44 + 25 28 + 3.42 + 0.28 5.01 F2 III

73 2 17 70 1069 36 Per 3 25 30 + 45 43 + 4.16 + 0.20 5.30 F4 III

74 11 1812 4883 31 Com 12 46 50 + 28 5 + 2.92 - 0.33 4.95 tGO III

75 2 70 22 1327 — 4 11 16 + 64 54 + 5.65 + 0.15 5.27 * G5 III

76 14 88 56 6148 0Her 16 25 55 + 21 42 + 2.58 -0.13 2.83 G8 III

77 1979 89 7949 eCyg 20 42 10 + 33 36 + 2.43 + 0.22 2.45 *t KO III

78 13 77 59 5744 1 Dra 15 22 42 + 59 19 + 1.34 - 0.21 3.26 K2 III

79 36 27 165 5 And 33 59 + 30 19 + 3.21 + 0.33 3.21 K3 III

80 13 18 73 5563 jSUMi 14 51 + 74 34 - 0.17 -0.25 2.08 K4 III
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NO. HD HR NAME RA DEC Aa A5 VISUAL TYPE
1900.0 MAG

h m s o / s /

81 29139 1457 a Tau 4 30 11 + 16 18 + 3.44 + 0.12 0.86 f K5 III

82 68 60 337 0And 1 4 8 + 35 5 + 3.36 + 0.32 2.03 *t M0 III

83 1 1 92 28 5154 83 UMa 13 36 57 + 55 11 + 2.28 - 0.30 4.73 *t M2 III

84 20 7198 8327 _ 21 42 8 + 62 + 1.65 + 0.28 5.96 09 II

85 3 64 86 1852 5 Ori 5 26 54 - 22 + 3.07 + 0.04 2.20 09.511

86 438 18 — — 6 13 14 + 23 31 + 3.65 -0.02 7.03 B0 II

87 199216 — _ 20 50 38 + 49 9 + 1.94 + 0.23 7.13 Bl II

88 5 20 89 2618 e CMa 6 54 42 -28 50 + 2.36 -0.08 1.50 B2 II

89 5 13 09 2596 tCMa 6 51 41 - 16 55 + 2.68 - 0.08 4.38 B3 II

90 5 32 44 2657 7 CMa 6 59 14 - 15 29 + 2.71 - 0.09 4.10 B8 II

91 438 36 — — 6 13 18 + 23 19 + 3.65 -0.02 7.03 B9 II

92 3 45 78 1740 19 Aur 5 13 25 + 33 51 + 3.96 + 0.06 5.03 A5 II

93 25291 1242 — 3 56 7 + 58 53 + 5.00 + 0.17 5.03 F0 II

94 16 4136 6707 v Her 17 54 41 + 30 12 + 2.30 + 0.00 4.48 F2 II

95 19 52 95 7834 41 Cyg 20 25 19 + 30 2 + 2.45 + 0.20 4.02 F5 II

96 8 44 41 3873 e Leo 9 40 11 + 24 14 + 3.40 -0.28 2.96 * GO II

97 159181 6536 0Dra 17 28 10 + 52 23 + 1.36 -0.04 2.87 *tG2 II

98 173764 7063 Set 18 41 52 - 4 51 + 3.18 + 0.06 4.22 * G5 II

99 20 2109 8115 rCyg 21 8 41 + 29 49 + 2.55 + 0.25 3.20 *tG8 II

100 18 08 09 7314 6 Lyr 19 12 54 + 37 57 + 2.08 + 0.11 4.35 *tK0 II

101 16 37 70 6695 6 Her 17 52 49 + 37 16 + 2.06 - 0.01 3.84 *t Kl II

102 3 9400 2037 56 Ori 5 47 15 + 1 50 + 3.12 + 0.01 4.78 * K2 II

103 186791 7525 7 Aql 19 41 30 + 10 22 + 2.85 + 0.15 2.62 tK3 II

104 2108 09 22 7 50 + 51 56 + 2.28 + 0.30 7.7 09 lb

105 20 99 75 8428 19Cep 22 2 4 + 61 48 + 1.85 + 0.29 5.10 09.51b

106 20 4172 8209 69 Cyg 21 21 42 + 36 14 + 2.45 + 0.26 5.95 B0 lb

107 2130 87 8561 26 Cep 22 23 52 + 64 37 + 1.93 + 0.31 5.46 B0 .5 lb

108 2 43 98 1203 f Per 3 47 51 4- 31 35 + 3.77 + 0.18 2.83 t Bl lb

109 193183 — — 20 13 42 + 37 55 + 2.20 + 0.19 7.12 B1.5Ib

110 206165 8279 9 Cep 21 35 14 + 61 38 + 1.61 + 0.27 4.72 B2 lb

111 4 20 87 2173 3 Gem 6 3 40 + 23 8 + 3.64 -0.01 5.76 B2.5Ib

112 16 43 53 6714 67 Oph 17 55 38 + 2 56 + 3.00 + 0.00 3.97 B5 lb

113 20 85 01 8371 13 Cep 21 51 31 + 56 8 + 2.02 + 0.28 5.79 B8 lb

114 3 56 00 1804 — 5 20 44 + 30 7 + 3.84 + 0.05 5.65 B9 lb

115 463 00 2385 13 Mon 6 27 30 + 7 24 + 3.24 - 0.04 4.48 AO lb

116 20 76 73 8345 — 21 45 36 + 40 41 + 2.44 + 0.28 6.42 A2 lb

117 210221 8443 — 22 3 44 + 52 49 + 2.22 + 0.29 6.14 A3 lb

118 5 96 12 2874 — 7 25 37 - 22 49 + 2.55 -0.12 4.85 A5 lb

119 3 66 73 1865 a Lep 5 28 19 - 17 54 + 2.65 + 0.04 2.59 tFO lb
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NO. HD HR NAME RA DEC Aa A6 VISUAL TYPE
1900.0 MAG

h m s t s i

120 182835 7387 v Aql 19 21 24 + 08 + 3.07 + 0.12 4.64 F2 lb

121 2 09 02 1017 a Per 3 17 11 + 49 30 + 4.29 + 0.21 1.79 fF5 lb
122 19 40 93 7793 TCyg 20 18 38 + 39 56 + 2.15 + 0.19 2.24 F8 lb
123 2 66 30 1303 fi Per 4 7 33 + 48 9 + 4.41 + 0.15 4.13 tGO lb
124 20 97 50 8414 ol Aqr 22 39 - 48 + 3.08 + 0.29 2.93 tG2 lb
125 2068 59 8313 9 Peg 21 39 47 + 16 53 + 2.84 + 0.28 4.35 tG5 lb

126 483 29 2473 e Gem 3 37 47 + 25 14 + 3.69 - 0.06 3.08 tG8 lb

127 2107 45 8465 rcep 22 7 23 + 57 42 + 2.08 + 0.30 3.36 * Kl lb

128 2067 78 8308 e Peg 21 39 16 + 9 25 + 2.95 + 0.28 2.42 t K2 lb

129 175 06 834 17 Per 2 43-24 + 55 29 + 4.38 + 0.25 3.76 *tK3 lb

130 20 09 05 8079 £Cyg 21 1 18 + 43 32 + 2.18 + 0.24 3.72 * K5 lb

131 3 63 89 1845 119 Tau 5 26 21 + 18 31 + 3.52 + 0.04 4.73 * M2 lb

132 3 63 71 1843 X Aur 5 26 13 + 32 7 + 3.91 + 0.04 4.89 B5 lab

133 2028 50 8143 oCyg 21 13 29 + 38 59 + 2.36 + 0.25 4.24 B9 lab

134 195593 7847 44Cyg 20 27 11 + 36 36 + 2.28 + 0.20 6.17 F5 lab

135 5 08 77 2580 o 1 CMa 6 49 59 - 24 4 + 2.49 - 0.08 3.78 * K3Iab
136 445 37 2289 i/>l Aur 6 17 12 + 49 20 + 4.62 -0.03 4.95 * M0 lab

137 3 98 01 206r a Ori 5 49 ,45 + 7 23 + 3.25 + 0.01 0.80 * M2Iab

138 3 0614 1542 a Cam 4 44 6 + 66 10 + 5.97 + 0.10 4.29 09.51a

139 371 28 1903 eOri 5 31 8 - 1 16 + 3.04 + 0.04 1.70 tBO la

140 3 87 71 2004 k Ori 5 43 1 - 9 42 + 2.85 + 0.02 2.04 B0.5 la

141 29 05 130 k Cas 27 19 + 62 23 + 3.41 + 0.33 4.15 Bl la

142 19 06 03 7678 _ 20 41 + 31 56 + 2.35 + 0.17 5.60 B1.5Ia
143 411 17 2135 X^ Ori 5 57 59 + 20 8 + 3.56 + 0.00 4.63 tB2 la

144 19 84 78 7977 55Cyg 20 45 32 + 45 45 + 2.04 + 0.22 4.83 B3 la

145 132 67 627 5 Per 2 4 31 + 57 10 + 4.18 + 0.28 6.39 B5 la

146 154 97 — — 2 24 38 + 57 15 + 4.34 + 0.27 7.20 B6 la

147 3 40 85 1713 jS Ori 5 9 44 - 8 19 + 2.88 + 0.07 0.08 tB8 la

148 21291 1035 — 3 20 58 + 59 36 + 4.86 + 0.21 4.23 B9 la

149 213 89 1040 — 3 21 55 + 58 32 + 4.79 + 0.21 4.58 A0 la

150 129 53 618 - 2 1 41 + 57 57 + 4.19 + 0.29 5.68 Al la

151 19 73 45 7924 aCyg 20 38 1 + 44 55 + 2.05 + 0.21 1.26 tA2 la

152 173 78 825 — 2 42 8 + 56 40 + 4.43 + 0.25 6.26 A5 la

153 79 27 382 <p Cas 1 13 47 + 57 42 + 3.78 + 0.32 4.95 F0 la

154 16 35 06 6685 89 Her 17 51 23 + 26 4 + 2.42 -0.01 5.47 F2 la

155 10494 - — 1 37 17 + 61 21 + 4.12 + 0.30 7.46 F5 la

156 5 46 05 2693 8 CMa 7 4 20 - 26 14 + 2.44 - 0.10 1.84 F8 la

157 2174 76 8752 — 22 55 52 + 56 26 + 2.53 + 0.32 4.99 * GO la

158 425 43 2197 6 Gem 6 6 15 + 22 56 + 3.64 -0.01 6.11 * Ml la

159 2069 36 8316 ju Cep 21 40 27 + 58 19 + 1.84 + 0.28 3.99 fM2 la
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(Co C 3 9 3 4 , Ca IT 39 68. |V bandJ
|Mnl4031-34,Fri4346j

T.E,F»1

WT9.5C3

lA-uaftj ]

Dispersion 12Su */mm at Hy -

1 Stronger in higher c>»»« Iwflbtend* us listed

/ bMpr'gn: ratios,

Frt.MgE 3ai6-38.Fri.cn. 3H40-B& t 1 .n | and higher

> 1 i n V. IV and ID

Ftl.SrB.CN 4132-4216 G- band si in HI; **linD.Ib

* * 1 ir. V and" IV

Mr.1, F#I Sri 4031-78 - Ft! Sri CN 4132- *207 - O-band

inV.IVp IU. E flnd nigher. respectively.

DupertiOn 645 A/mm gl rfy:

1. Stronger «n higher luminosity £lqs&*9 . Four biend* at listed above.

2 Stronger m lower luminosity eta&se? : HA 41 02

3- Important ratios: {Tor w\<t* blenda Lake surface hr>ghtne«}

F»".Mg J 3816-38 F#[. CN 3840-Bfl = 1 m Tl and higher . > 1 mV.IY

r*L 5r II 4064-78: Ftl. SrH. CN 4132- 4215 V 1 in EI . * 1 in VandlY, * t intt and Jb

Fel. SrH.CN 4132- 4216 G- band > 1 m II and higher; *« 1 in ¥, IV

< 1 in j::

4. Structural difference : al X 4460 Line -Like feature in V
r broader in higher c la ettB.
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eCyg

T|Cep

o Dro

lin«J

kod

Koni

KOIY

KOY

relerence FetfSeSvTG Fei381&34

1

^1,3934.661

|>M,FelBrIU031-4O7g I Cfl3 3fl6B|
|5~

- ba nd

Mgl 51B7-

Hgl 51H

Q-iiperaion T26Q A/mm dl Hy

1. Stronger in Higher chaises: 1*0 blend* at lifted.

2- Important rolios

F»I. Mgl 3616 -38 : FeJ,CN 3840-89 <1 in m and higher

>1 * V and UlO

Fel.SrI]. CN4132 - 4216 :G- btnd = 1 in Hand EV

» 1 in It and h»gh*r

* 1 in V

Mnl , Ftl . Sr II 4031 -76 Fel . 5r n. CH *1 32- * 2 16 »

G - bond

in V, VI and IT ; D and higher respectively.

Dispersion 645 A /mm at H\

V Slpnr»o*r m nig her 'luminosity das***, four blend* tl* listed above

2. 5 tonga r <r> lower luminosity crosses four blends as listed above

3 linportont ratios: (for wide blend* tafc* Surface brightness)

Ftl r r4gl 3816-38 Fet.CN 3640-89 » 1 in HI and hiO/her »1lnYnndIV

FeLWnl 4031-46: FsI.Srll 4064-78 *lin Y , «1 in higher classes

Fel .Sr IT 4064-76 FfI. Srfl. CN 4152 -4207 £ 1 in HI and higher j»1in Vqnd tV

Fel , Sr n . CN 4162 - 420? - bend * 1 in Itt and It j «1ir> V and IY

4 Structural diffarante : F*] 4132-4144 and CaL 4227 appear at lint*

in low absorption region in V and IV, strong smooth Feature

X 4132- 4227 in higher Luminosity classes,
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F*I 4072
s CNU16

1
1 el 4046- S :Li2lE

£
MnI4034 F*I 4307

Mr»l4031- Fd tm-
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m
40

I
3D

Ifl

6 Her

^^^
ff

*
.

a; :

I'll

1

3 4

Y Cep

rvftFtKt jlM3Sitt.7DHC9a3M4||fl-band IhinT si m. [Ftl 3 sat

CM 4216

S* 11*2 IS

Fe[4207

F»l 41 52-H
FWM.VI
4*10-2"!

H0 4102

Icn seal

'F*I 3H&9

[f*j
3B 4C

Htl
Sfti407B

F*J 4072

FfI 4064-

79m
u
F*1 3Sie 24

Wg:3K?fi3H

3=
|Ca[[ 3934

=M
Call 3966

;

T
Mri[4031-J

F*l 4046

K
i

[4)

^: *i32-

F»1 41(4—n,
Gsl 4 77?J

MgT 51 &4

Ma i SHW-

K1 lb

K1 I

K1 IV

F?I43Tfi-

Frt 441

1

Ti] . F«I

497* an 3

I

Q~bond

U3M)

|ji ^per iipn '^BO A Turn Ql •">:

1 Stranger in high*r cLdft-H : two blends as Lis!sd

2. Impcrtonl ratio :

in IV :

Mnl , Ftl . Sr H 403t -7B = Ftl , Sr H. CN 4132 - 42 16

= G - ftanfl

In H and lb :

Mnl . F»I. Sri 4031 - 7B « Fel . Sr U . CU 4132 - 4216

^^ *» g- uarm

Diipyjipn 645 A /mm ai Hy :

1. SlfOf.!j»r in hiflh*-r kg mine t it r cta$t*3 lour blend* as indicated above

2 Stronger in Lo#ar lummositj tla»»e* : Mgl 5167-64

3. Important rcl>01 : (for wide blends lake surface brightness)

Fel. Mgl 3816 .36 : Fe| . CN 3840 -89 - 1 in H and lb , * 1 in JV

F*I
,
Sr 11 4084 -78 : Ftl . Srfi , CN 4152 - 4216 = 1 in|| andlb 1 * 1 m IV

4. Structural difference feature around H6 standi? out Separately in IV,
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56 On

1 J M II

it

a
- ID

-iJj

K2 lb

K2 H

K2 m

Call 3934 CaTl 3934 |fc- band

[Colt 36661

Dispersion 1280 A /nun a1 H^,

1 Stronger in higher classes tnree Mends as Lisled

2. Important ratios .

'El. Wg] 3616-36 Fel.CN 3B4Q-99

= 1 In III and higher .» 1 in V

HnI.FeI.5rH 4031-78 : Fat .SrB.CN 4132 -4207

= 1 in lb > 1 in V -c 1 m H and Bl

3 Structural difference:

blend Fs] 3T06 - 6T wider m lower

luminosity classes

Di>p»raign 645 A /mm gt H\ :

1 Stranger in higher luminosity classes : four blends as lis ltd above.

2. Stranger in Lower luminosity classes three real jres at Listed above

3 Inippflqnt rgliOS (for wide blends lake surface brightness)

Fel.Mgt 3fl16-38 Fel.CN 3fl40-3flfl9 1 in 111 and higher . * 1 >n V

Hnl.Fel4031- 4* : Fel.Srlt 4064- Ifi "l m V and HI j * '.i llandlt

Mfil. Fel 4031 -*£
, Fel. Srll ,CN 415 2 - 42 IB «1 mJl and higher .

* I m Y

FeI.SrH.CN 4152- 4216 : G - band > 1 In tH and hidhef ,- * 1 in V

4. Structural difference* : a) feature orOurkd Hfi standi out Separately m Lower classes

o)Ftl 4132-44 anl Cal 42^7 appear as Lines in Law absorption region in V .

Strong imcolh feature \ 4132 - 4227 in higher classes
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I _

V
1 Zl 4
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U 1

n 1.
era)

0)

K3 IE

K3 V

;Cqll3934 GoUaQBg

MnI.Fgf,Sril4C31-7B| [Mnl.FeE 4031-46
J

Dispersun 12flD A /mm ai H~y

1, Stronger |p higher daftses Lwo leaturss as .islod

2 Important ratio

Hftl. ftl.SrB 4011-78 ; ft 1. 5rlL.CN 4132-4216

* 1 in Ul and hia/her . >1 In V

3 3ffueturjH difference.

bland ft 13706 -67 r»oticeatKy wMtf m

LOwtr lumlnatit/ cLntses

Dispersion 645 A/mm at *iy: Structural diti#r*ne* 5** L30. 4 a)

1, Strong er m higher luminosity classes five blends as Lis Cad above

2 Strang*'' in lower (uminotity classes two features as miitd obavt

3 Impgrtanl ul i £
.

{for *»<]» bi*nd* Idk* tuMnce brightness)

1 in- V and Ul , <1 ifi llano supergiantfi

= 1 In Buperg,ionts . > 1 rn H . JTI, IT

* t m V and Tfl > 1 m U and supergiaiMl

*1 ln¥; ** 1 In II] and higner

Mn[. ftl 4031-46 Fel 5rII4064-7B

Mni.ft* 4031-46 Fel.Srn.CN 4152 -4Z«

ftI.5rH.CN4l52-421& : Cat 4227

Col 4227 G - hand



L30

g Cyg

a Tau

I
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reference

Lines

KS V

F*[ 3B16-2 41 G- band

Mgl3fl29^| {4300}

Call 39 Wi
>-8[Call 3969

Mp],F*.SrE t03l'ffl1

Col. 33J:ii

ICntl 396J

G- bond

{4300}

Fi-I 4Q4G

Chsptrston 1280 A/mmaTHy:

1 Stronger in hiohe.1" oLa*S#s two faaturts 03 Listed

2 Strange' m lower classes : Co.] 42 ?7

3 Importart ratios.

Mn.Fel.5rH4[)3l-7B HO. Fel. Cal . VI. Srll ,CN 4110 -42>6

== 1 m lb ,*. 1 if* 111 ond V

Call 4227 HO , Ftt . Col .VI.5rll CN 4110 -4216

= 1 in Ib ; > 1 m ID and V

4 Structural dtHerences region Coll 3*368 - G-band

smoother in higher luminosity classes

Oi^persiqn 64S A/ mm a? Hf

1 Stronger m higher luminosity classes seven blends as Listed above

2 Stronger im Lower luminosity clas»t : two I eat u res as Lit led above

3 IrpporlaM- roli&l (Tor wide Wends Cake surface bngjhlneis)

Win I. Fel 4031-46: Fel . Srll 40E4-76 = 1 in Hi , > 1 m V .
* 1 in lb

Mnl.Fe] 4031-46 . H6; FeJ. Col. VI 4110-21 » 1 in ]b , >* 1 ih m and V

Mr,; Fet*031-i6 F*I, S# d. CN 4152-4216 ? i in lb r » 1<n III and V

Col 4227 G band *1 rib > l m [U and V

4. Slfuclurat differences aj Fel 4132-44 and Cal 422*? appear a* Lint* in Jo* absorption

region . strong; smooth tefllure between \ 4IQ2 arid \ 422? in Higher cLqsses

hi tiroaaef tea ture ot A4&&2 - X 6013 in hi after lummasilv einss»*
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.CaD396a||TiO 4762

F»I 43176- JT'.Q 51EHI

jCal 43271

CM 421B

SrI14?l5

Fel 4207

Fel 41 52-

IX
Ftf.Col. VI

4110-4134

HS41D2
ii; ::

CN 3833 5rfl 4078! TiO 4463 TiO 4955

Fel 3885 F»] t072 Fel 4467 Tit+ ftj

Fel 3B40- Fil 40fl4{ F»J 44354 49B2-50U

II mil"
j

t

'JIM II'IUI
I

||U

_i nl
1
n

TT
30

MOID

11
£353

f

a

'Ml t

I

FeI3fll624

_LL_
'Call 3Q 34

r

1

Fel 4132-

Fel 4'44

T

(15 J

FeJ437B-

F*I 4415

G- band

U3D0)

It 4762

L
Hg[ 5167

'
;i 51 84

Tip 5168

MW403*-34

Fel 4048

Pi«per»ion 1380 A/mmnl Hy :

1 5lrong»f m higfi»f classes, iwo lectures a* Listed

2. 5lrang#r m (e^er classes Co. I 4227

3 Im pof 1 ant ratio's:

TH, FeI r CN SIMO - 4218: -G- band = 1 in lab and m
« 1 in V

Gal 4227: G-band a 1 m lab

* 1 m H]qnO
Call 3934.63 : Ca ] 4227. G- band * 1 in V

* 1 m higher c la. sses

Pi$P*rsipn 645 X/mm gl K^

1 Strofigern higher luminosity class*? tiw blends as listed above

2 Srro-nqpr in lower Lummasily clauses: Cal 4227

3 Important fgUct
. (tor vide blends take surface or igh IntssJ

Fel, Mgl 3816-38
: F»I,CN3S40 -83 c 1 m lab . > 1 inmorvdV

Mn].f»l 1031 -46 Fel.Srll 4064-78 = 1 m m r
> I in V * 1 in lab

Mn], FeE 4031-46 HG. Fel. Col. VI. 4110-21 * 1 in lab, * 1 ft m and V

Fel.CjL.Vl,5r]l.CN 4152-4216 S - band <1 in lap. <* 1 »n V and m
Cal 4227 G - bond * l .n lab * 1 in m and V

Fe] 4376-4415 F*t , TiO 4435 - 67 ? 1 in lab * 1 in [U and V

4 Structural differences Call 3968 - Cal 422? smoalher in Tugher luminosity

classes Broader feolure ot X 4982- \ 5013 in higher doiiet
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Dispprtiori 12BQ K/mm al H^:

1 Sanger in higher dasse* lwO f*G,lul-#* as listed

2 Stronger m lower classes : Car 4227

3 Imporlonl ratios

Til , Fb! 3S90 -420? ' Cal 4227 * 1 in iup*rflign(j

* 1 in V and ITT

Call 3934.68 Cal 4227 , G -bend = 1 in V
* 1 m higher daises
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IO-6ona1|TfQ4752l

D
Ditp+H'OP 6*5 A^mrn at Hy :

1 Stronger m higher luminosity classes Tour lectures as mdiraled above

2 Stronger in lower Lamtnosity ciO»S*» Col 4227 andNal 5890 96

3 ImppttgM roti OS

Mnl. Fel 4031-46. Fel SrJI 4064 -78 Tl mVondtH. « 1 in suptrgiant;

H6 r Fft, Cil .VI 4110 - 34; ftl 4132 - 52 1 in lob and lb : > 1 m La ; < 1 in ELI

Ftl 4200-07 Cal 4227 =1 mla , * 1 in all <?1her classes

Cal 4227 : G - band * 1 mlab and Ih . < 1 «i [n * t in HI Ond ?.

Fel 4373-4415. F*[.. TiO 4435-67 =1 m s u pe rg io nrts >t m othar ctafitet.
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CONCISE LIST OF SPECTRAL CRITERIA FOR DISPERSION 6^5 A/mm AT H

Y

09 - B5

The. Lpe.etAat pcutt&Kn iA dominated by the. Ba£flt£A &vU.$a a$ hydrogen and - to a
ZeA&eA tfeg-tee - by lined o& neutral helium.

1. BALMER LINES

H- lines medium strong; slightly increasing with advancing spectral type,
decreasing with increasing luminosity class (for blends see 3, and 5,).

2. BALHER DISCONTINUITY

Strong UV continuum in 09 - B2 (in the absence of interstellar reddening);
Balmer discontinuity begins to show at B3 in high luminosity classes.

3. NEUTRAL HELIUM

Increasing strength of He I lines (especially of diffuse triplets Hel 4471

,

Hel 4026, Hel 3820} towards maximum at B2 - B3, fairly rapid decline to B5.

Noticeable enhancement of HI 6 by Hel 3705 In 09 - B2, especially In lower
luminosity classes

.

4. IONIZED HELIUM

Hell strongly decreasing from 09 to Bl, absent in later types*

5. IONIZED LIGHT METALS

SilV 4089 and SlIV 4116 + Hel 4121 (slightly blended with Hfi) present in

09 - B2; -increasingly stronger in higher luminosity classes.
CIII,OII,NIII 4650 noticeable In 09 - B0, 5, marginal In Bl - B3, absent in

later types.

B5 - AO

The bptctA&L pattern. aj> dominated by tkt BtUmeA &£&£&£ o£ kydfi.og.e-n and tht BaimeA
dsUnontimuJiy .

1. BALMER LINES

Noticeably increasing strength and width of Balmer lines with advancing type;

decreasing strength and width with increasing luminosity class.
Faster decline of higher members of Balmer series with advancing spectral
type and decreasing luminosity class.

2. BALMER DISCONTINUITY

Noticeable Balmer discontinuity
r
increasing with advancing spectral type;

located at longer wavelengths, showing more gradual decline in lower classes;
looks more abrupt in higher' luminosity classes.

3. NEUTRAL HELIUM

Disappearance of Hel at B7 in luminosity class V, at B9 in class la. In later

types Hel replaced by metallic absorptions Mnl 4031-4034, Fel 4385, Mgll 4481.

4. IONIZED CALCIUM H AND K

Weak stellar Call (K) at about B8 where it is difficult to separate from Inter-
stellar Call ; in earlier types distinguished through broad blend with Hel 3926,

in later types stronger than interstellar lines. Call (H) blended with HE ,

5. IONIZED METALS

Metallic lines (especially of Fell , Till , Sill) weakly present in late B-

type stars of class V; noticeably stronger in higher luminosity classes.
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AO - FO

The. bpzctstal patZsmn 16 dominated by tk& Ea£jat\2A beAieA o& hydtiogzn, the: BalmQA
dit> continuity and £h& Call [K] tin&s in kigheA luminosity cZoaapa by incA&a&ingly
i^ADJigCA tinZA oft ionized meXalA

.

1. BALMER LINES

Slight decrease of H-line strengths between AO and FO.

2. BALMER DISCONTINUITY

Strong Baimer discontinuity occurs at longer wavelengths in lower luminosity
classes; looks more abrupt in higher Luminosity classes.

3. IONIZED CALCIUM H AND K

Increasing strength of Call (K) with advancing spectral type. Call (H) blended
with H e with noticeable contribution to total absorption in later spectral
types and higher luminosity classes.
Strength of Call (K) = Call (H) + H£ at AS in class la, at F6 in class V.

4. G - BAND

Fairly strong G-band at about FO and later in luminosity class V, at A5 and
later in class la,

5. METALS

Strength of metallic lines slowly increasing with advancing spectral type in

lower luminosity classes, Mgl 3829-3838 contribution to H9 increasingly
stronger in later spectral types and higher luminosity classes. Lines and

blends of Ionized metals strong in high luminosity classes, especially
Fell 4173-4179 and Till 3758,3761.

FO - GO

The &pv-£XAal pattCAn ib dominated by tha Call [tf] ami [K] &Ln.&ts P the, Balm&i &in&&
o& hydsioa&n oft. bi&ndA Q& kydWog&n linvA with m$t.alLtc timA, and tkv. G-band.

1

.

BALMER LINES

H-line pattern in the UV replaced by metallic line pattern between FO and GO;

decreasing strength of unblended H- lines with advancing spectral type.

2. BALMER DISCONTINUITY

Balmer discontinuity noticed on well-exposed spectra of early F-type stars.

3. IONIZED CALCIUM H AND K

Increasing strength of Call lines with advancing spectral type.

Ca II lines very broad in supergiants later than type F6.

4. G - BAND

G^band increasingly stronger with advancing spectral type; strength comparable
to H Y in Fb - F7 of luminosity class V, F2 - F8 in class la.

5. METALS

Lines of neutral metals increasingly stronger with advancing spectral type,

noticeably in the UV around Fel 3581, Fel 3609-3643, Fel 3735 and Mgl 3829-38.

At GO sudden appearance of broad absorption band shortward of Call (K) in high

luminosity classes, largely due to CN band absorption - abundance effects
possible,
Increasingly stronger blends of neutral metallic lines redward of Call (H) in

high luminosity classes, enhanced absorption at GO partly due to CN band

contribution - abundance effects possible*

Green blends, around A 5000 and near Mgl 5167 - 5184 clearly visible in later
spectral types and higher luminosity classes

•
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GO - KO

The Speztsutt p&t£&Ui Jji dominated by the. Call [H] and [K] lines \ in the BLUE pOAt
o$ the spzctxum by the. G-band and a sViong and bttoad mztaHLc blend shonMa/id o&
ti& - in hiahei luminosity classes oXao by StA.ong absorption* in the legion X 411&-
42! 6 j in the ULTRAVIOLET by thA.ee SVuong metallic blend neaionA,

1. BALMER LINES

H- lines decreasing with advancing spectral type; disappearance around KO.

2. IONIZED CALCIUM H AND K

Ca II lines increasingly stronger and broader with advancing spectral type and
increasing luminosity class. Call (K) stronger and broader than Call (H) in
all types of l<Mer luminosity classes,

3. G - BAND

G-band strong in all types - very much stronger than Hi J appears generally
increased in high luminosity classes.

4. METALS

BLUE

Broad absorptions between X 4118 and 4216, marginal in luminosity class V,
increasingly stronger with increasing luminosity class and advancing spectral
type, partly due to CN contribution - subject to abundance effects.
Neighbouring Cal 4227 weakly present.
Blend Mnl, Fel* Sri I 4031-4078 increasingly stronger with advancing spectral
type; dominating feature in the blue spectral region of stars later than G5
and luminosity classes V and IV,

UV

ABSORPTION REGION I : Broad blend shortward of Call (K) increasingly stronger
with advancing spectral type and increasing luminosity class, laxgely due to
CN contribution - subject to abundance effects. Prominent blend around Mgl 3829-

3838 strongly increasing towards later types. The two features attain equal
strength in high luminosity classes.
ABSORPTION REGION II : Absorption around and including Pel 3735 increasingly
stronger with advancing spectral type*
ABSORPTION REGION III: Blend around Fel 3581 and blend Fel 3609-3648
increasingly stronger with advancing spectral type*

KO - M2

The specXml pattern is dominate.d by the Call [H] and [K] Lines, Co. 1 4227, the
G-band t and Strong and bkoad metallic btznds; in tt-type StaKS by TiO bands.

1. IONIZED CALCIUM H AND K

Extremely strong and broad H and K lines + contributing neighbours.

2. NEUTRAL CALCIUM 4227

Rapid increase of Cal 4227 with advancing spectral type, especially in class V*

Dominating feature in MO V - M2 V, where it is stronger than the G-band.

3. G - BAND

Strong in all types; strength equal to Cal 4227 around K5 In luminosity class V,

etronger than Cal 4227 in all types of highest luminosity classes*

4. METALS

In latest types strong blends of metallic lines in all spectral regions*

5. TITANIUM OXIDE BANDS

TiO bands appear longward of \ 4100 around M0 and increase towards later types.
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