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PREFACE.

TeE Henry Draper Memorial is due to the unfailing devotion of Mrs. Draper to
the memory of her husband. It is literally true that he never entered his observa-
tory without her. For many years, and until her health failed, she frequently came
to Cambridge to see the progress of the work devoted to his memory. At the very
last, she showed the greatest interest in the results attained. It seems, therefore,
very appropriate that her portrait should appear as a Frontispiece of this, the third
volume of the greatest work yet undertaken as part of the Henry Draper Memorial.

EDWARD C. PICKERING,
i Director of the Observatory of Harvard College.
CAMBRIDGE, U.S., December 25, 1918.
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g

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, 1911, 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 242,093, relating to about 222,000 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.
I
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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-
the 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.g0 mm.

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 ri-inch Draper Telescope. The interval between the lines Hf
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 employed, and the interval from Hf to He varied from 21.57 to 72.15 mm.

From August, 1835, to November, 1894, Seed 26+, from December, 1894, to
December, 1899, Cramer Crown, from January, 1goo, to May, 1911, Seed G. E. 27,
and since June, 1911, Hammer Special plates were generally used.

Substantially the same classification has been used in all the publications of the

Henry Draper Memorial, except in the case of H.A. 28, Part 1. Slight changes have
2
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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, Aj 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 s411, HB'; 4541.9, HY'; 4200.3, H¥'; 4026.0, He'; 3924.0, H{'; 3860.8,
Hy'; 3815.7, HY’; 3783.4, ¢'. 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 a Cygni,

in which the lines are very sharp, and of a Aquilae, in which they are diffuse, were
3
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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 doublé, 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 40, 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 As, 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 A2, £ Phoenicis of Class Fo, and { Capricorni of Class Gs,
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 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. 430° 1725, R. A. 10" 5.3, Dec. +49° 58’, and C.DM. —3¢° 14192, R. A. 21* 11™.35,
Dec. —39° 15', several lines, including 4435 and 4455, are abnormally intense.

A third peculiarity in stellar spectra is the presence of bright, or emission, lines.
At least 750 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. 76,
No. 3. The presence of bright lines in spectra of Class M, characteristic of long
period variables, is indicated by the combination, Md. No symbol has ever been
adopted to show the presence of bright lines in spectra of Class B, although the
use of a suffix, such as “B” or “h,” has been suggested. It seemed best, however,
to continue to designate these spectra by placing the letter “p” after the class,
until some definite action should be taken by the Committee on Stellar Classification.
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
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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 gaseoxis nebulae is given in H.A. %6,
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, Hs, 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 s007.0

~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 portion of the gaseous nebulae belong to this and the
following class.

Class Pe. Typical nebulae, N.G.C. 7662, R.A. 23" 21™.1, +41°5¢9’, 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.o"7™6, Dec. +41° 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. 435°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 Hé are bright, and also those of the ¢ Puppis
series.

Class Oc. Typical stars, B.D.436° 3987, 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
s .
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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 N 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 A 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, r 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, e Orionis. The hydrogen lines are 0.3 as intense as in -
the spectrum of o 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 Br. Typical stars, 8 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 o 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 o Pavonis. The hydrogen lines are about
0.5 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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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 4471.0.

Class B8. Typical stars, 8 Persei and v 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. Typical stars, A Aquilae and X 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 HJ, or less. On plates having suffi-
cient dispersion, the calcium line H, at 3968.6, is separated 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,  Ursae Majoris and ¢ Centauri. The line K is 0.3 or
0.5 as intense as Hs. 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 A3z. Typical stars, a Piscis Austrini, and ° 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 H9.
The metallic lines are more numerous and more intense than in Class Az, while
the hydrogen lines are slightly fainter.

Class As. Typical stars, 8 Trianguli and a Pictoris. The line K is 0.9 as in-
tense as the compound line H and He, and more intense than Ho. 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 « Carinae. The lines of hydrogen
are about 0.5 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.

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


http://adsabs.harvard.edu/abs/1919AnHar..93....1C

LI Lo

r

[IO19AT

ANNALS OF HARVARD COLLEGE OBSERVATORY.

Class F5. 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
4325.9 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, o Aurigae and § 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, Hé, 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 G5 and the light of the continuous spectrum shows a decided
decrease from Hy to He. Hy is about 0.5 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 HS, 4215.7 to 4226.9, 4470 to 4525 and 4614
to 4648, approximately. ,

Class K2. Typical stars, 8 Cancri and v Librae. The spectrum resembles Class
Kj5 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 Ks5. 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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the disappearance of several of the fainter lines. The double lines 4383 to 4383
and 4405 to 4408, form a conspicuous pair, of which the one of shorter wave length
is somewhat stronger. Faint breaks in the light are seen at the wave lengths 4762,
4954, and 5168, which are the beginning of the absorption bands of Class M.
There is also a sudden diminution in light at HB, which is nearly as well marked
as the similar change at 4%62. '

Class Ma. Typical stars, a Orionis and vy Hydri. The spectrum is banded. The
bands extending from 4762 to 4954 and from 5168 to 5445 are well marked. The
change in light at HB is much less conspicuous than at 4762. Several bright spaces
are seen, such as from 4556 to 4586, and from 4657 to 4668. The lines of the G
band are well separated, and line 4315.2 is very faint. Line 4226.9 is the most
conspicuous absorption line. The spectrum is faint towards the end of greater wave
length, so that bands H and K are generally barely seen.

Class Mb. Typical stars, p Persei and v Gruis. The edges of the absorption
bands, at wave lengths 4762, 4954, 5168, and 5445 are strong and appear somewhat
like bright bands. These bands fade gradually towards the edge of shorter wave
length. Line 4226.9 is very wide and sometimes appears to be as intense as Hé in
the spectrum of a Canis Majoris. Conspicuous bright bands of equal intensity are
seen from 4556 to 4586 and from 4614 to 4626. Lines 4299.4, 4300.7, and the com-
pound line 4305.6, 4308.0 and 4309.5 are the only well marked lines remaining of
the band G. On isochromatic plates, absorption bands are also seen having edges
at the wave lengths 5763, 5816, and 5857, approximately.

Class Mc. Typical stars, W Cygni and RX Aquarii. The continuous spectrum
is fainter, and the bright edged bands are stronger, than in Classes Ma and Mb, so
that the spectrum appears to be of a fluted character, and on plates of small dis-
persion many of the dark lines seem to have disappeared.

Class Md. Typical stars, x Cygni and o Ceti. This designation is used for
spectra of any division of Class M, in which at least one hydrogen line is bright.
The greater portion of the variable stars of long period have this class of spectrum.
The spectra differ widely. Either HB, Hy, or H6 may be the strongest bright line,
while the underlying spectrum may belong to Class Ma, Mb, or Mc. The subject
is further complicated by changes in the relative intensity of the hydrogen lines and
probably in the class of spectrum, connected with the variation in the light of the
star. As an example, the spectrum of 154615, R Serpentis, may be cited. On April
25, 1912, the bright line, H§, was seven times as intense as Hy, while on April 18,
1914, the two lines were of nearly the same intensity. On the first date, the star

was of the ninth magnitude, and the phase was 40 days before maximum. On the
9
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second date, the star was at maximum light, about the sixth magnitude. It is evi-
dent that no accurate subdivision of these spectra can be made until observations
have been obtained at different points on the light curve. It has therefore seemed
best to use the designation Md without numeral, in Table I, and to give additional
facts, such as the intensities of the bright hydrogen lines, assuming Hy to be equal
to 10, in the Remarks. Several spectra which have hitherto been called Md: or
Mdz2, in which HB is the strongest bright line, are found to be peculiar and are
designated Pec. in Table I. The variable stars R Andromedae, U Cassiopeiae,
S Cassiopeiae, R Lyncis, R Canis Minoris, T Geminorum, and R Cygni may be given
as examples. These spectra do not show the titanium bands having bright edges at
4762, 4954, and 5168 as in all divisions of Class M, but more nearly resemble the
spectrum of 7' Gruis, which may be placed in a subdivision of Class R, assuming
some peculiarities.

Class R. This letter was assigned in 1908, to a few spectra which on photo-
graphs of small dispersion, resemble those of Class N between HB and Hy, but
which contain so much blue light that the spectrum is visible as far as the calcium
bands, H and K. A list of spectra assigned at that time to Class R is given in
H. C. 145. A careful study of these spectra shows that they may be subdivided
into at least three classes, which are described below.

Class Ro. Typical star, S.D. —10° 5057, ptm. magn. 7.04, R. A. 19* 17™.6, Dec.
—10°54'. The distribution of light resembles that in Class G5 or Ko, and the
absorption bands H and K, are well seen. The dark carbon band at 4700 is wide
and strong, and the dark band 4395 is about equal to Fraunhofer’'s G band. Lines
4226.9, 4233.8, 4236.1, and 4239.0 are well marked, and on photographs having
small dispersion the appearance at this region is that of a wide, continuous band of
absorption. Some spectra have been found during observations for this catalogue, which
may be considered to be intermediate between the spectra of Classes K and Ro. One
of the best examples is the spectrum of the star S.D. — 19° 3634, ptm. magn. 8.7,
R.A.13*1™.1,Dec. —19° 31". This spectrum contains the wide band of absorption near
4227 as in Class Ro, and a fainter band at 4700. Other peculiar spectra of Class K
show the same bands in more or less marked degree, as stated in the Remarks.

Class R3. Typical star, B.D.4-5° 5223, ptm. magn. 8.8, R. A. 23" 44™.0, Dec. +5° 50’.
The H and K bands of calcium are visible, but they are fainter than in Class Ro,
and the continuous spectrum between these bands and Hy is not more than o.5 as
intense as in Class Ro.

Class Rs. Typical star, S.D. —3° 1685, ptm. magn. 7.5, R. A. 6% 56™.1, Dec. —3° 6.

In the region of shorter wave length than 4240, the continuous spectrum is barely
I0
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visible on plates of normal exposure. When the dispersion is small, the spectrum
appears to consist of three wide bright bands, whose centres are at the approximate
wave lengths, 4300, 4400, 4840, and whose intensities are estimated to be 3, 6 and
10, respectively.

Class R8. Typical star, B.D.+61° 667, ptm. magn. 7.92, R.A. 3* 57™.2, Dec.+61° 31",
The spectrum is very faint from 4240 to the violet, so that on photographs of long
dispersion, it is difficult to distinguish between this Class and Class Na.

Class Na. Typical star, 19 Piscium, B.D.+2° 4709, var., R. A. 23" 41™.3, Dec.
+2° 56’. The spectrum is visible as far towards the violet as the bands H and K,
but the portion between 4240 and K is even fainter than in Class R8. When the
dispersion is short, the dark band 4700 separates the spectrum into two wide bright
bands, the portion from 4400 to 4700 being estimated as 0.8 as intense as that
from 4700 to groo. According to this estimate of the distribution of light, spectra
of this class may be designated o, 8, 10, when compared with those of Class Rs, in
which the bands were estimated as 3, 6, r0.

Class Nb. Typical star, B.D. +67° 350, ptm. magn. 7.39, R. A. 4*40™.8, Dec.

| +467° 59’. This spectrum may be designated o, 6, 10, when the distribution of light

is considered. The bright portion from 4400 to 4700 is now only 0.6 as intense as
the portion of greater wave length than 4700.

The spectra of some very red stars have recently been obtained with the 24-inch
Reflector, using plates stained with pinacyanol or dicyanin. Some examples are
the spectra of the variable stars, VX Andromedae, and S Cephei, and also of the
stars R.A. 6* 33™3, Dec. +22°42", and +49° 3673, R.A. 21*51™5, Dec. +50° 1",

~ These spectra show no light of shorter wave length than HB, and probably form

later subdivisions of Class N, but it seems wiser to wait until a larger amount of
material has been collected, before assigning definite letters to these very peculiar
spectra. In the meantime, the facts so far observed are given in the Remarks.

Pec. All spectra which can not be assigned to any known class, considering
their principal characteristics. This includes the spectra of Novae, a few variables,
very red stars, and some others.

Con. Spectra apparently continuous. This includes the spectra of nebulae with-
out bright lines, or of clusters which resemble such nebulae with the dispersion
employed. As these objects appear as surfaces, and objective prisms are used, dark
lines would not be visible. Neb. or CL is then given in the magnitude column
according to the description of the object in H.A. 6o, 8.

Table I contains 24,428 stars, between 7" oo™.o and ¢* co™.o, whose spectra have
been classified. A description of each column of the table is given below, preceded
by its heading. 11
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H.D. A number for reference, to be added to the number in heavy type at the
top of the first column. It is recommended that these numbers be preceded by the
letters H.D., indicating the Henry Draper Catalogue, when reference is made to
their designatioris in this catalogue. Thus, the first star on page 17 may be referred
to as H.D. 53,501. This notation also conforms to the designations H.A., H.B., and
H.C., which are already in use to denote the Harvard Annals, Bulletins, and Cir-
culars, respectively. In like manner, H.N., HP., H.R., H.S., and H.V. are used to
designate the Harvard Nebulae, Photometry, Revised Photometry, Standard Regions,
and Variables, respectively.

DM. The number of the star in the Zone of the Bonn Durchmusterung, when
its position for 1855 was north of declination —23°. For stars south of this limit,
and whose declination in 1875 was north of —32°, the Cordoba Durchmusterung,
and for stars south of —52° the Cape Photographic Durchmusterung, was used.
The number of the zone is generally the same as the degree of declination given in
the fourth column. When they differ, owing to precession, the number is placed in
Italics. The number of the nearest zone is then to be substituted. For stars
between 6* and 18" of right ascension, the nearest zone is always the northern, for
other stars, the southern.

Nearly twelve hundred of these stars are not contained in the Bonn, Cordoba, or
Cape Durchmusterungs. They are indicated by the absence of a number in the
second column. The spectra of these stars were generally classified from plates
taken with the 16-inch Metcalf Telescope.

R. A. 1goo. The minutes and tenths of the right ascension for 1goo. The right
ascension of the first star is given in heavy face figures at the top of the table to
the right. These positions are only approximate. Owing to the large number of
stars in the Catalogue, they will fall into groups, each containing a number of stars
whose right ascension is the same in this table. They are then arranged in the
order of declination, the northern star being placed first. It may accordingly happen
that, when two stars are near together, the preceding one, as shown by its number
in the Durchmusterung, may here follow the other.

Dec. 1goo. The declination for 1900, expressed in degrees and minutes.

Ptm. The photometric magnitude. This is taken from H.A. 50 or 54, for stars
contained in those works, and is given to hundredths of a magnitude. For other
stars, which are north of —62°, the magnitude in the Bonn or Cordoba Durchmus-
terung is used after reducing it to the photometric scale by means of the tables,
given in H.A. 72, 214, 245, and H.A. 80, 132. The magnitudes are then given only

to tenths. The magnitudes of stars south of —62°, and which are, therefore, not
I2
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contained in the Cordoba Durchmusterung, are also given only to tenths, and are
derived from the photographic magnitudes given in the next column, by subtracting
the color index depending on the class of spectrum. The color index is taken from
H.A. 80, 151, and has the values for Bo, —o.24; B1, —o.22; B2, —o.19; B3, —o.17;
Bs, —o.12; B8, —0.05; Bg, —0.02; Ao, 0.00; A2, +0.06; A3, +0.08; As, +0.14; Fo,
+0.28; F2, 4+0.34; Fs5, +o0.42; F8, 4o0.50; Go, +o.56; Gs, 4+0.78; Ko, +1.00; K2,
+1.07; K5, +1.18; M, +41.35.

Ptg. The Photographic Magnitude. For stars north of declination —1¢° in
1875, the magnitudes are derived from the photometric magnitudes, contained in the
preceding column, by adding the correction for the class of spectrum given above.
For stars south of —1q°, the magnitude is taken from the Cape Durchmusterung,
first reducing it to the standard scale as described in H.A. 80, 256. It will be
noticed that when either the photometric or photographic magnitudes are derived
by means of the color index, they are placed in Italics. In the first case, the color
index is subtracted, in the second, added. This method is unsatisfactory from its
indirectness, but no direct measures are known to exist.

Sp. The Class of Spectrum. A description of the adopted classification will be
found on page s.

Int. The photographic intensity of the spectrum as estimated by Miss Cannon
when she observed it. The faintest spectra which could be classified with certainty
were estimated as 1, the densest as 1o. When a spectrum was too dense to be
classified, it was looked for on a plate showing less faint stars. This might be due
to a greater dispersion, a larger load on the pendulum of the control clock, a hazy
night, or a slower emulsion.

Rem. Remarks are here indicated which furnish much additional information.
The letter R refers to additional facts regarding the star, to be found in the Re-
marks following Table I. When two figures are given they show that the spectrum
was classified on another plate. The first figure indicates, in tenths of the interval
between two classes, how much the second classification differs from the first. Thus,
if the class in column Sp. was Fo, and the spectrum was again estimated Fo, the
first figure would be o; if the second classification was Fs, it would be 5 and if As,
it would be 5. The average value of the differences of the first 100 of these is
+o0.13. A comparison of the classification of spectra taken at the Yerkes, Lick,
Allegheny, and Mt. Wilson Observatories with those made here is contained in H.A.
56, 263, and gives the average difference =4o0.14. When the residual was greater
than 5, an estimate on a third plate was made, if practicable. If not, the spectra

were re-examined. In case one observation appeared to be wrong, it was rejected,
: '3
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and the facts are given in the Remarks. The second figure indicates the intensity
on the second plate. If the spectrum was estimated on a third plate, a hyphen is
inserted, and the estimates will be published later. When the estimates of the class
differ, the most reliable one is given in Column Sp. The intensities serve to decide
which is most likely to be correct; the order of precedence being 6, 5, 7, 4, 8, 3, 2,
9, 10, 1. When the column is not wide enough for a complete remark, it is given
in full in the remarks following Table I.

Pl. No. The number of the plate in its series. The letter b indicates that the
instrument used was the 8inch Bache Telescope; the letter c, the 11-inch Draper
Telescope; i, the 8-inch Draper Telescope; m, the 16-inch Metcalf Telescope. When
the spectrum was taken from H.A. 28, 56, or 76, the volume and page are given
and when derived from an unpublished manuscript, the letter M is inserted, instead

of the plate nun%ber.
' i

Table I is followed by a series of Remarks which give much additional informa-
tion regarding the individual stars. They include the Bayer designation, additional
information regarding the spectrum when it is peculiar, and the position and magni-
tude of adjacent stars when it is probable that they affect the spectrum. When
the stars differ only in declination the spectra are superposed, while equal differences
in right ascension are shown at the edges of the spectra. In the case of variable
stars, the designation by letter and constellation, and the class are given.. Novae
are designated by I, long period variables by II, irregular variables by III, short
period variables by IV, and Algol variables by V. The magnitude at maximum and
minimum, and the period are also given. Parallaxes of o”.1, or more, are inserted
from Walkey’s Parallaxes of 625 stars. B. A. A. 27, App. Proper motions of 1’
or more, are inserted from the list given by van Maanen in A. P. J. 41, 187.

As an example of the facts that can be derived from Table I, it appears that
the first star on page 17, H.D. 53,501, is C. P. D. —67°686, R. A. 7*o™.1, Dec. —6%° 4%
(1900). Its magnitude on the photometric scale is 5.08, and is taken from H. A. 50, 71.
Its photographic magnitude is 6.6, found by reducing the magnitude, 6.8 in the Cape
Photographic Durchmusterung, to the standard scale as described in H.A. 8o, 256.
The intensity is 7. The observation was made on B goo3, taken with the 8-inch Bache
Telescope. It is proposed to give the date, length of exposure, and other facts relat-
ing to each plate in H.A. go. A

14
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53400 6"59™.8
| oM. |RA| Dee | Ptm. | Ptz | Sp. |Int| Rem.| PLNo. JHD.| DM. RA.| Dec | Ptm | Pts. | Sp. |Int|Rem.| PLNo.
m. ° ’ m. ° ’
3584 |59.8/—27 55/10.9 | 9.8 |Ao | 1 24433b | 51|1791 | 0.0+ 029/ 7.9 | 8.9 | Ko | 4 376521
3451 |59.8/—33 26| 7.97| 8.9 | K5 | 4 20670b | 52 1806 | 0.0|— 4 24| 9.1 | 9.2 |Az | 2| .. | 386001
3298 |59.8/—34 36| 8.0 | 8.5 |Ao | 7 20534b | 53 |1054 | 0.0|— 538 9.1 | 9.1 |Ao | 4| R |44407b
3310 [59.8/—35 10| 8.60| 9.1 |[Ko |3 20534b | 54|1955 | 0.0/— 552/ 9.1 | 9.1 |Ao | 1 386001
2877 |59.8|—40 13| 7.50| 7.8 |A3 | 7 20671b | 551773 | 0.oj]—11 6| 8.9 | 9.9 | Ko | 4 24340b
2572 (50.8/—49 55| 8.28| 9.6 | Ko | 4 38414b | 56 (1770 | 0.0|—11 23| 7.8 | 7.7 |Bs | 2 8gogb
750 |59.8/—60 38| 8.9 | 9.4 |[F2 | 3 15176b | 571771 | 0.0—11 50| 9.1 | 9.1 |[Bg | 3 24340b
1029 [59.9|+60 26| 8.9 | 9.0 |[A2 | 4 375261 | 58|1772 | o.ol—11 50| 8.4 | 8.9 |F8 | 7 24340b
1180 [59.9|+56 1| 7.8 | 8.1 |[Fo |6 375261 | 593985 | 0.0|—25 32| 9.5 | 8.9 [Go | 5| .. |24433b
1388 |59.9|+45 33| 8.6 | 8.0 |Fo |3 3735011 | 60(3986 | o.0|—25 39| var.|var. K2 | 2| R 24433b
1501 |50.9|+41 27| 8.0 | 8.5 |F8 | 2| .. |37501i | 613589 | 0.0 —27 21| 8.9 | 7.8 B8 | 8 24433b
1791 |59.9|+40 21| 9.0 | 9.1 [A3 | 2| E |37501i | 623789 | 0.0 —28 20(10.4 | 9.5 |Ao | 2 24433b
1470 [59.9|+33 29|10.0 |11.0 |[Ko | 2| .. | 374471 | 633858 | 0.0 —30 35| 8.3 86 |F2 | 2 18926b
1310 [59.9|+28 21| 7.8 | 7.0 |A2 | 5| 0,3|37478i | 643264 | 0.0 —37 3|10.T | 9.7 Go |1 20534b
1382 [59.9/+16 24| 9.6 |10.6 |Ko | 2| .. |4413m | 65|3120 | 0.0—38 8|10.6 |10.2 Fg | 2 20670b
1558 [50.0/+14 37| 6.78| 6.73| B8 | 8 |1,10| 369771 | 66 1224 | 0.0—56 28 8.0 83 |Fo | 6 13007b
1559 |59.9|+14 5lro0.3 |[70.8 |F8 | 1| .. |4413m | 67| 510 | 0.0/ =71 56| 9.0 | 9.1 Az | 4 15168b
1547 |59.9|+13 51| 7.4 | 8.8 | Ma | 6 |o,2R| 4413m 68| 236 | 0.0|—79 49|10.0 |11.2 | K35 | 1 20652b
1546 [59.9|+13 28| 8.4 | 9.4 | Ko | 5] .. |4413m 69| 484 | o.x|+66 4| 84| 9.4 | Ko | 1 38155i
1404 |59.9|+10 42| 8.7 |To.1 [Ma |..| .. M 70|1552 | 0.1|+35 49| 9.0 | 9.0 |Ao | 2 374471
1588 |59.9|+ 7 21| 8.7 | 8.7 [Bg | 2 376521 | 71 |1471 | o.1]+33 12| 9.5 | 9.6 |A5 | 2 374471
1536 [50.9|+ 3 7|/ 8.9 | 9.0 [A5 |1 37652i | 72 (1571 | o.x|+25 1| 7.16| 8.23 K2 | 4 382381
1537 |59.9|+ 2 49| 0.1 | 9.5 |F5 | 2| .. |39867b} 731600 | 0.1 419 54| 9.05| 9.05/Ao | 2 382381
1677 |50.0|+ 1 33| 8.7 | 9.3 |Go | 3]5,3|20867b} 74) .. | o1 +1639 .. | .. (A 1 4413m
1535 [50.9/— 1 38| 8.9 | 9.0 |Az | 3| .. |20867b] 75 1383 | o.1|+16 25104 |10.7 |F2 | 1 4413m
1720 [59.9|— 3 47| 9.6 | 9.6 |Ao | I 44407b | 76 1458 | o.1|+15 10| 9.2 |10.2 | Ko | 2 4413m
1919 [59.9|— 6 18] 9.6 | 9.7 |A2 | 2 44407b | 77 |1640 | o.1|+ 8 55/ 8.7 | 8.7 |Ao | 3 376521
1729 |59.9/— 8 42| 7.9 | 7.7 |B2 | 4 44407b | 781530 | o.1|+ 527/ 8.7 | 87 |Ao | 2 376521
1827 |59.9|—10 1| 8.76| 9.10|F2 | 2 24340b | 79 |1540 | 01|+ 2 24/ 8.5 | 85 |Bg | 2 376521
1661 |59.9|—18 31l10.5 |I0.5 |AO | I 15402b | 801679 | o.1|+ 1 27|10.0 |10.0 [AO | 2| 39867b
1672 |59.9|—19 6| 8.5 | 9.0 | Ko | 2 12631b | 811582 | 0.1]— ©43| 7.6 | 8.0 |[F5 | 5 3777001
1670 |59.9|—19 24| 8.9 | 8.9 |Go | 2 12631b | 821956 | 0.1|— 538/ 9.0 | 9.1 |A2 | 4 44407b
1727 |59.0|—21 8| 7.32| 7.7 [Ao |7 12631b | 83 (1723 | 0.1|]— 7 29| 9.2 | 9.2 |Bg | 2 44407b
1728 [59.9/—21 17| 8.1 | 8.0 |A2 | 6 12631b | 84 |1730 | 0.1|— 8 8| 9.0 |10.2 K5 | 1 44407b
3983 [59.9|— 25 58/10.9 | 0.8 | Ko | 2 24433b | 85|1850 | o.1|—10 22| 0.1 |I0.3 |K5 | I 24340b
3799 |59.9/—26 37| 8.5 | 9.2 | Ko | 4 24433b | 86 |1806 | 0.1|—13 48| 8.9 | 8.9 |B8 | 6 24340b
3800 [59.9|—26 52| 8.7 | 8.4 |Ao |7 24433b | 87 |1760 | 0.1|—17 16| 8.3 | 8.3 |B8 | 6 15402b
3840 |59.9|—29 14| 8.7 | 8.6 Ao |5 24433b | 881664 | 0.1|—18 5| 9.1 |10.1 | Ko | 2] .. 15402b
3856 |59.9|— 30 20| 8.21| 8.6 | Ko | 2 18926b | 89 (1665 | o.1|—18 26| 9.7 | 9.8 |A2 | 2 | 15402b
3616 |59.9/—32 50| 7.6 | 8.3 |F5 |3 18926b | 90 [1683 | o.1|—22 36| 9.1 | 9.2 | Ko | 2 12631b
3119 (59.9|—38 29|11.4 |10.5 |A I 20670b | 91 |4824 | 0.1|—23 5/10.2 | 9.2 Go | 2 12631b
2806 |59.9|—45 36| 8.5 | 8.0 |Ao |9 20858b | 92 3803 | 0.1]—26 o9j10.7 | 9.7 (Ao | 2 24433b
2764 |59.9|—47 11| 0.8 |10.0 |F8 | 2 38414b | 93 (3304 | ©.1|—34 44| 9.9 |10.3 |K2 | 2| .. 20670b
1226 |509.9|—53 55/ 8.1 | 8.6 |Gs | 3 10697b | 94 |2577 | 0.1]—49 47 7.08| 6.8 |Az | 73,3 go26b
405 | o.0|+69 3| 8.4 | 9.4 |Ko |2 381551 | 952533 | 0.1|—50 43| 9.8 |10.8 Ko |1 38414b
1392 | o.0/+50 27| 8.6 | 87 |A2 | 3 375181 | 96 |2245 | 0.1]—51 19/ 9.8 | 9.7 |G 2 38414Db
1582 | o.0/+44 36| 9.5 |10.6 | K2 |1 37501l | 97 [1227 | 0.1|—53 34| 9.2 | 9.2 Ao | 2 10697b
1658 | o.o|+42 7| 8.4 | 88 |F5 |6 37501 | 98| 752 | o.1|—50 17| 8.3 | 9.2 | K2 | 1 18486b
.. |oo+15 8§ .. | .. |A 1| .. |4413m | 99| 752 | o.x|—60 37 9.2 | 9.8 |G I 15176b
1678 | o.ol+ 1 42| 9.4 | 9.4 |Ao | 2| 0,2 | 20867b Jro0| 685 | 0.1 —65 46| 9.0 | 9.6 |Go | 5 15223b

16
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