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PREFACE

The present volume completes the Henry Draper Catalogue, bringing the total number
of stars to 225,300. It should be noted that the last partial page of each of the first eight
volumes is repeated at the beginning of the succeeding volume. Attention is also called to
the list of errata on the page following the preface in this and the preceding volume. Vari-
ous discussions of the material included in the nine volumes have appeared during the last
two years in Harvard Circulars and elsewhere.

The frontispiece of the present volume is a reproduction of a photograph, B 9431, made
on May 13, 1893, with an exposure of 140 minutes, with the Bache telescope at Arequipa.
The region photographed is centered near  Carinae, which cannot be distinguished here
because of over-exposure. Most of the common spectral classes appear on the photograph,
appropriately labelled.

The publication of this last volume of the Henry Draper Catalogue is made possible
through the generous gift of Mrs. James R. Jewett, who is a member of the Visiting Com-
mittee of the Harvard Observatory.

HARLOW SHAPLEY

Director of the Observatory of Harvard College
CAMBRIDGE, MASSACHUSETTS

April, 1924
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THE HENRY DRAPER CATALOGUE.

TeE Henry Draper Catalogue originated in the attempt to collect in a single
catalogue a description of all the stellar spectra which could be classified on the
photographs of the Henry Draper Memorial. It was shown in May, 1885, that by
placing a prism in front of the objective of a photographic telescope, excellent
spectra could be obtained of all the stars of sufficient brightness in the field of the
instrument. The immediate effect was that the photographic image of each star,
instead of appearing as a point, was spread into a line, the rays of different wave
lengths being diverted by the prism to different points upon the plate. These lines
were then broadened into bands by giving a rate to the driving clock differing
slightly from sidereal time. The principal lines in the spectra appear in these bands.
The advantages‘ of this method are, first, that the spectra of several hundred stars
can be obtained on a single photograph, while with a slit spectroscope only one star
can be photographed at a time. Secondly, the loss of light is so small that, even if
stars are faint, satisfactory spectra can be obtained. Thirdly, the spectra can be
identified with certainty, since they occupy the same relative positions on the pho-
tographs as stars on a chart plate, or map.

The classification of the spectra required for the Henry Draper Catalogue was
begun by Miss Annie J. Cannon on October 2, 191z, and practically completed
September 30, 1915. Some additional spectra were taken from later plates, where
faint stars had not been classified previously. The total number of spectra classified
is 243,000, relating to 225,300 stars. The greater portion of the northern stars
were classified from -709 plates taken with the 8-inch Draper Telescope, mounted at
Cambridge. In like manner, 1,409 plates of the southern stars were used, taken
with the Bache Telescope, mounted at Arequipa, Peru. Each of these instruments
has, for an objective, an 8-inch Voigtlinder Portrait Lens, corrected by Alvan
Clark and Sons. Two prisms having angles of 13° and 5° were originally used with each
instrument. They formed spectra having a dispersion such that for the 8-inch Draper

Telescope the intervals between the lines HB and He were 5.61 and 1.60 mm., respectively.
X
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ANNALS OF HARVARD COLLEGE OBSERVATORY.

The corresponding intervals for the Bache Telescope were 5.80 and 2.23 mm. It appeared
that the definition was better with the prism giving the larger dispersion attached to
th> 8-inch Draper Telescope, and with the prism giving the smaller dispersion
attached to the Bache Telescope. For this reason, the spectra of much fainter stars
could be classified from the photographs taken in Arequipa, than from those taken in
Cambridge. Exceptions were made in the case of southern stars which are too
dense on plates of small dispersion, and of northern stars so near together that
their spectra are superposed on plates of long dispersion. Some northern stars
between o° and -+10° in declination were also classified from plates of short disper-
sion taken in Arequipa.

In November, 1goo, two prisms, having nearly equal angles of about 6°, were
attached to the 8-inch Draper Telescope. They were mounted so that they could
be rotated by any desired amount, which was measured by means of a graduated
circle. When placed in opposite directions they nearly neutralized each other, while,
when turned in the same direction, the dispersion was double that of one of the
prisms. The angles adopted were such that the dispersions were the same as those
previously employed, 5.61 and 1.60 mm. ‘

A number of photographs showing fainter stars were taken with the 16-inch
Metcalf Telescope. The regions selected were the centres of the Harvard Standard
Regions described in H.A. 14, 477, and a few others, such as the Pleiades, Praesepe,
etc. The distance between the lines HB and He was here 3.90 mm. N

On all of the plates described above, the spectra of the bright stars were dense,
so that they could not be classified. Accordingly, spectra taken with a larger dis-
persion were used. For stars north of declination —20°, from one to four prisms
were attached to the 1r-inch Draper Telescope. The interval between the lines Hp
and He varied from 19.63 to 8o.50 mm. These spectra have already been described
in H.A. 28, Part 1, but as a different system of classification was there employed
by Miss Maury, the spectra were again classified by Miss Cannon. This work was
extended to stars of the fifth magnitude, and a few that were fainter, by means of
H.A.56, No.4. For the southern stars, brighter than the sixth magnitude, the
spectra are taken from H.A.28, Part2, and H.A.56, No.5. From one to three
prisms were attached to the 13-inch Boyden Telescope, and the interval between HS
and He varied from 21.57 to 72.15 mm.

From August, 1885, to November, 1894, Seed 26+, from December, 1894, to
December, 1899, Cramer Crown, from January, 1g9oo, to May, 1911, Seed G. E. 27,
and since June, rgrr, Hammer Special plates were generally used.

Substantially the same classification has been used in all the publications of the
2
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THE HENRY DRAPER CATALOGUE.

Henry Draper Memorial, except in the case of H.A. 28, Part 1. Slight changes have
been introduced from time to time as experience showed that the classification could
be improved. For instance, Class H, used in H.A. 27, has been abandoned, since it
has been found that it is identical with Class K, when photographed under favor-
able conditions. The letters were originally applied empirically, a separate letter for
each class of spectrum which appeared to be different. Later, it was found that
nearly all the spectra fell into the classes B, A, F, G, K, and M, which thus
formed a continuous sequence. Intermediate spectra are indicated by numbers
representing tenths of the interval. Thus, Ag represents a spectrum midway between
Ao and Fo. The numeral is omitted when a precise classification cannot be made.
Class B was found to precede A, but the letters could not be reversed without
causing confusion. Class P, designating gaseous nebulae, and Class O, stars of the
fifth type, appear to precede Class B. The unanimous adoption of this system by
an International Committee appointed by the Solar Union has secured its universal
acceptance. The countries represented on this Committee were Canada, England,
France, Germany, Holland, and the United States.

The - designations of the lines used in describing the spectra, are generally the
same as in the previous volumes. An exception is made, however, in the case of
the series of lines first found in the spectrum of { Puppis. Professor Pickering
showed these lines to be so closely represented by a modification of Balmer’s for-
mula, that he assumed them to be due to ‘ hydrogen under conditions of tempera-
ture or pressure yet unknown,” as stated in H. C. 16, January 12, 1897. The lines
were therefore called “ additional hydrogen  lines,” with the specific designations as
follows: line 5411, HB'; 4541.9, HY'; 4200.3, H¥'; 4026.0, He'; 3924.0, H{'; 3860.8,
Hy'; 3815.7, HY'; and 3783.4, Hi’. Recent investigators, however, find by experiments
in the laboratory that these lines are probably due to helium. They are now com-
monly called ¢ Puppis lines and this designation is accordingly adopted here.

The classification and designation of peculiar spectra present great difficulties.
Some spectra are so peculiar that they can not be assigned to any known class, and
are marked Pec. in Table I. Others show deviations of various kinds and degrees,
and yet resemble the typical spectra in the most essential characteristics. In the
latter case, the class which the peculiar spectrum resembles most nearly is given, fol-
lowed by the letter p. A description of the deviation from the typical spectrum
will then be found in the Remarks following Table I. The deviations may occur in
several ways, as has already been discussed in H.A. 28, 143. First, in the width of
the lines. The difference in the width of the lines, especially whether the lines are

diffuse or sharp, was early recognized. On September 8, 1887, the spectra of o Cygni,
3
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ANNALS OF HARVARD COLLEGE OBSERVATORY.

in which the lines are very sharp, and of a Aquilae, in which they are diffuse, were
photographed on the same plate, to prove that the difference was due to the star
and not to the instrument, or condition of the air. Narrow lines will appear hazy,
or even double, if the focus is poor, or the air unsteady, and a slit spectroscope is
much to be preferred to an objective prism for determining this condition. When-
ever the width of the lines appeared to be abnormal, it is noted in the Remarks.
With the larger dispersion in H.A. 28 and 56, the deviation from the normal in the
width of the lines was always noted, when certainly seen. When the lines are
broad, the spectra are designated in H.A. 28, 1, by the letter “b,” and in H.A.28,
2, by Remark 18, when narrow, by the letter “c” and Remark 4o, respectively.
For convenience of reference, a list of bright stars in whose spectra the lines are
narrow, was given in H.A. 56, 162.

Secondly, deviations may occur in the intensity of certain lines in stellar spectra.
Numerous spectra in Classes Ao to Ag, show the double silicon line, 4128.1, 4131.1
to be of increased intensity, and in other spectra the strontium lines 4077.9, 4215.7
are very strong. Lists of a few of these peculiar spectra are given in H.A. 56, 113,
161. The great intensity of these strontium lines in spectra of various classes, such
as 6! Microscopii of Class Az, & Phoenicis of Class Fo, and { Capricorni of Class G,
is of interest in connection with the relation of these lines to the absolute brightness
of the stars, and to the possibility of distinguishing between the so-called  giants”
and “dwarfs.” Numerous other lines, including those of hydrogen, have-also been
found to be of abnormal intensity in certain spectra. In the case of C.DM. —27° 178,
R. A. o* 31™.7, Dec. —27° 50/, the continuous spectrum is of Class Gs, but the hydro-
gen lines are as strong as in Class F5. In some spectra of Class K5, or Ma, such as
B.D. +50° 1725, R. A. 10* 5™.3, Dec. +49° 58, and C.DM. —39° 14192, R. A. 21* 11™.5,
Dec. —39° 15’, the lines of low temperature are abnormally intense.

A third peculiarity in stellar spectra is the presence of bright, or emission, lines.
About 1000 spectra are known to have bright lines. The gaseous nebulae, Class P, the
Fifth Type, Class O, the P Cygni Type, and the Novae are discussed in H.A. 776, No. 3.
At the International Astronomical Union held in Rome in May, 1922, the letter ‘“e”
placed after the class of spectrum, was adopted to represent the presence of emission
lines. It seemed best, however, to continue to use the designation Md, for spectra
of Class M, having bright lines, and to continue to use the letter “p’’ after the
class, when bright lines occur in spectra of Class B. These spectra may easily be
found by means of the Remarks following Table I.

The other two deviations consist in a periodic doubling of the lines in the spec-

trum, also indicated by the letter “p,” and in the existence of the lines of two
4

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1924AnHar..99....1C

THaf =90

=
IN]

!

THE HENRY DRAPER CATALOGUE.

classes of spectra completely superposed, designated composite spectra. A large part
of the bright stars having composite spectra are known to be double, either visually
or spectroscopically. It is assumed that this is always the case, and two lines are
accordingly given to such stars.

Miss Cannon has described the classification in full in H.A. 28, 146, and more
concisely in H.A. 56, 66. A classification of the gaseous nebulae is given in H.A. 76,
20. For convenience, the classification as used in the present volume is again given
below. '

Class Pa. Typical nebula, I.C. 418, R. A. 5* 22™.8, Dec. —12° 46’. The double
line, 3726, 3729, is more conspicuous than the chief nebular lines, 5007.0 and 4959.0.
The hydrogen lines Ha, HB, Hy, Hd, He, and H{ are bright.

Class Pb. Typical nebula, The Great Nebula of Orion. Lines 5007.0 and 4959.0
are more intense than in Class Pa.

Class Pc. Typical nebula, I.C. 4997, R. A. 20* 15™.6, Dec. +16° 25". Line 4363.4
is the most conspicuous. Novae usually show this line much stronger than 5007.0
when they first become nebulae. .

Class Pd. Typical nebulae, N.G.C. 6826, R.A. 19* 42™.1, Dec. +50° 17/, and
N.G.C. 6326, R.A. 17" 12™9, Dec. —51° 40’. The chief nebular line, 5007.0, is the
strongest line. The greater number of the gaseous nebulae belong to this and the
following class.

Class Pe. Typical nebulae, N.G.C. 7662, R. A. 23* 21™.1, Dec. +41° 59/, and N.G.C.
7009, R. A. 20" 58™.7, Dec. —11° 46’. This class differs from Class Pd in having line
4685.9 present. : .

Class Pf. Typical nebula, N.G.C. 40, R. A. 0" y™.6, Dec. +71°32’. A bright
band whose centre is at 4650 is the most conspicuous portion of this spectrum and
appears to ally it with spectra of Class O.

Class Oa. Typical stars, B.D. +35° 4013, R.A. 20" 8™.2, Dec. +35° 54, and
C.P.D. —60° 2578, R. A. 11* 5™.8, Dec. —60° 26’. A broad, bright band, whose centre
is at 4650, is the most conspicuous portion of these spectra. Hy and Hé are bright,
and several other bright bands are seen.

Class Ob. Typical stars, B.D.+35° 4001, R.A. 20" 6™.5, Dec. +35° 53, and
C.DM. —23° 4553, R. A. 6* 50™.0, Dec. —23° 48’. A wide, bright band, whose centre
is at the wave length 4686, is the most characteristic feature of these spectra.
The hydrogen lines HB, Hy, and H§ are bright, and also those of the { Puppis
series. .

Class Oc. Typical stars, B.D.+36° 3087, R.A. 20*13™3, Dec. +37°7" and

C.DM. —41° 10972, R. A. 16" 45™.3, Dec. —41° 41’. The bands are narrower than in
5
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ANNALS OF HARVARD COLLEGE OBSERVATORY.

Classes Oa and Ob, and two well separated lines are seen at 4686 and 4638, the
former being twice as bright as the latter. The hydrogen lines are bright, and also
the lines of the ¢ Puppis series. No dark lines are seen.

Class Od. Typical stars, { Puppis and X Cephei. All lines are dark except 4686
and 4638, which are bright. Seven dark lines of the { Puppis series have been
photographed. The helium line, 4471.6, is present but very faint in { Puppis.
Several faint, dark lines between HB and Hy are seen in the spectrum of X Cephei,
but not in that of ¢ Puppis.

Class Oe. Typical star, 29 Canis Majoris, R.A. 7% 14™.5, Dec. —24° 23’. The
spectrum resembles that of { Puppis in having all lines dark except 4686 and
4638. Numerous helium and other dark lines are present. Line 4097.5, some-
times attributed to silicon, and the silicon line, 4089.0 are at their maximum
intensity.

Class Oes. Typical star, = Canis Majoris, R. A. 7* 14™.5, Dec. —24° 47’. All the
lines are dark. This spectrum is clearly intermediate between those of Classes Oe
and Bo. It resembles those of Class Oe in the presence and intensity of the
¢ Puppis series, and those of Class Bo with respect to the helium lines. No bright
bands are seen, but the strong dark lines 4649.3 and 4685.9 are present.

Class Bo. Typical star, € Orionis. The hydrogen lines are o.3 as intense as in
the spectrum of a Canis Majoris. The ¢ Puppis series is present, but much fainter
than in Class Oes. Oxygen lines are strong. Line 4649.3 is slightly more intense
than the helium lines 4026.3 and 4471.6, which are equally strong. The triplet,
4070.0, 4072.5, and 4076.1, is well marked. Lines 4649.3, 4116.3 and 4089.0, reach
their greatest intensity in this class and decrease very rapidly in succeeding classes
of spectra.

Class Bx. Typical stars, B Canis Majoris and B Centauri. The hydrogen lines
are seen from HB to Hr. The { Puppis series is not distinctly seen. The lines of
helium are more intense while the silicon and oxygen lines are fainter than in Class
Bo. Line 4471.6 exceeds 4649.3, while 4121.0 exceeds 4116.3, in intensity.

Class B2. Typical stars, ¥ Orionis and « Lupi. The lines of helium are at their
maximum intensity in this and the following class. Line 4116.3 is not seen, and
lines 4089.0 and 4649.3 are faint. '

Class B3. Typical stars, w* Orionis and a Pavonis. The hydrogen lines are about
o.; as intense as in a Canis Majoris. The helium lines, while not stronger than in
Class B2, are more prominent, due to the disappearance or extreme faintness of the
lines 4070.0, 4072.5, 4076.1, 4089.0, 4116.3 and 4649.3. Helium lines having the
greatest intensities are 3819.8, 4009.4, 4026.3, 4143.9, 4388.1, 4471.6, and 4922.1.

6
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THE HENRY DRAPER CATALOGUE.

Class Bs. Typical stars, q Tauri and ¢ Velorum. These spectra show an advance
towards Class Ao in the increased intensity of the calcium line, K, and of the
double silicon line 4128.1, 4131.1, which is stronger than the helium line 4121.0, and
fainter than 4143.9. Line 4481.3 is 0.7 as intense as 4471.6.

Class B8. Typical stars, 8 Persei and vy Gruis. The helium lines 4026.3 and
4471.6 are present, together with several lines prominent in the spectra of Class Ao.
Lines 4471.6 and 4481.3 are approximately equal. Line K is less intense than
4026.3.

Class Bg. Typicalstars, A Aquilae and A Centauri. The spectrum is nearly like
that of Class Ao, except that 4026.3 is seen and the line K is somewhat fainter
than in Class Ao.

Class Ao. Typical star, a Canis Majoris. The hydrogen lines are at their maxi-
mum intensity, and line K is o.r as intense as Hf, or less. On plates having suffi-
cient dispersion, the calcium line H, at 3968.6, is séparated from He, 3970.3, and is
nearly as intense as line K. Line 4481.3 is the strongest except the hydrogen lines
and line K. On a photograph taken with the 13-inch Boyden Telescope, with the
dispersion of three prisms, 93 solar lines were measured.

Class A2. Typical stars, 6 Ursae Majoris and ¢ Centauri. The line K is 0.3 or
o.5 as intense as H5. Solar lines are well marked, especially lines 4481.3, 4226.9,
and 4233.8. The two latter form a nearly equal pair. No helium lines are seen in
this, or any following class.

Class A3. Typical stars, a Piscis Austrini, and 7° Eridani. The line K is more
than o.5 as intense as the compound line H and He, and is 0.8 as intense as Ha.
The metallic lines are more numerous and more intense than in Class A2, while
the hydrogen lines are slightly fainter. ’

Class As. Typical stars, 8 Trianguli and « Pictoris. The line K is o.9 as in-
tense as the cdmpound lineH and He, and more intense than HS. Line 4481.3 is no
longer the most conspicuous among the solar lines. Lines 4299.4, 4300.7, and
4302.7 are well marked. ‘

Class Fo. Typical stars, § Geminorum and o Carinae. The lines of hydrogen
are about o.5 as intense as in a Canis Majoris. The line K is as strong as the
compound line H and He, and about 3.0 as intense as Ho. The lines 4305.6, 4308.0,
and 4309.5 and other lines which form the absorption band called G by Fraunhofer,
are faint and inconspicuous. .

Class F2. Typical star, = Sagittarii. This spectrum resembles Class Fo,. except
that there is more appearance of continuity in the band G, due to increased

strength of lines 4305.6 to 4315.2.
- 7
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ANNALS OF HARVARD COLLEGE OBSERVATORY.

Class Fs. Typical stars, a Canis Minoris and p Puppis. The hydrogen lines are
2.0 as intense as in the Sun, and metallic lines are fainter and less numerous. Line
432 5.‘9 is about o.r as strong as Hy. On plates with small dispersion, the Fraun-
hofer band G appears to be nearly continuous from 4299.4 to 4315.2. The com-
pound line 4308.0 and 4309.5 is more intense than 4315.2. Line 4226.9 is well
marked among the numerous lines, but is not o.5 as strong as Hy.

Class F8. Typical stars, 8 Virginis and a Fornacis. The spectrum resembles that
of the Sun, except that the hydrogen lines are stronger, and a few of the metallic
lines are fainter.

Class Go. Typical stars, a Aurigae and 8 Hydri. The spectrum closely resembles
that of the Sun. The hydrogen lines are no longer conspicuous as a series of lines.
Hy is 1.5 as intense as 4325.9, and 3.0 as intense as the adjacent line, 4337.7, when

“the dispersion is sufficient to show the two lines separately. The lines 4076.8 to

4077.9, Hs, and 4226.9 are nearly equal in intensity. The band G is continuous on
photographs taken with one or two prisms. The continuous spectrum shows no very
marked changes in the distribution of light, from HB to He, although there is a
slight gradual decrease from Hy to He. The bands H and K are very conspicuous.

Class Gs. Typical stars, x Geminorum and a Reticuli. The hydrogen lines are
slightly fainter than in Class Go. Hy when combined with 4337.7 is equal to
4325.9; when separated, Hy is fainter than 4325.9. Several spaces appear 'brighter
than adjacent portions, and in the distribution of light there is a decided advance
towards Class Ko.

Class Ko. Typical stars, a Bootis and a Phoenicis. The hydrogen lines are
fainter than in Class Gs and the light of the continuous spectrum shows a decided
decrease from Hy to He. Hy is about o.5 as strong as 4325.9. Line 4226.9 is
3.0 as intense as in Class Go. Bands H and K reach their greatest intensity. Line
4226.9 is 2.0 as intense as the compound line 4172 and nearly 3.0 as intense as
lines 4383 to 4385. The band G, extending from 4299 to 4315, is continuous
and is more conspicuous than line 4226.9. Several portions appear brighter than
adjacent parts, such as from 4077.9 to HJ, 4215.7 to 4226.9, 4470 to 4525, and 4614
to 4648, approximately. '

Class K2. Typical stars, 8 Cancri and v Librae. The spectruni resembles Class
Kj3 in the increased intensities of several lines, as 4226.9, and a general faintness of
the continuous portion towards the end of shorter wave length. The band G is
still continuous.

Class K5. Typical star, a Tauri. The bands H and K and line 4226.9 are the

most conspicuous absorption lines. The band G is no longer continuous, owing to
8
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