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PHOTOGRAPHIC INVESTIGATIONS OF FAINT NEBULAE’

By Epwin P. HusBBLE

The study of nebulae is essentially a photographic problem for cameras of wide angle and reflectors
of large focal ratio. The photographic plate presents a definite and permanent record beside which visual
observations lose most of their significance. Perhaps the one field left for the older method is the measure-
ment of sharp nuclei deeply enshrouded in nebulosity. New nebulae are now but rarely seen in the sky,
although an hour’s exposure made at random with a large reflector has more than an even chance of adding
several small faint objects to the rapidly growing list of those already known. About 17,000 have already
been catalogued, and the estimates of those within reach of existing instruments, based on the ratio of those
previously known to those new in various fields, lie around 150,000. '

Extremely little is known of the nature of nebulae, and no significant classification has yet been
suggested; not even a precise definition has been formulated. The essential features are that they are
situated outside our solar system, that they present sensible surfaces, and that they should be unresolved
into separate stars. Even then an exception must be granted for possible gaseous nebulae which appear
stellar in the telescope, but whose true nature is revealed by the spectroscope. It may well be that they
differ in kind and do not form a unidirectional sequence of evolution. Some at least of the great diffuse
nebulosities, connected as they are with even naked-eye stars, lie within our stellar system; while others,
the great spirals, with their enormous radial velocities and insensible proper motions, apparently lie outside
our system. The planetaries, gaseous but well defined, are probably within our sidereal system, but at vast
distances from the earth.

In addition to these classes are the numberless small, faint nebulae, vague markings ou the photo-
graphic plate, whose very forms are indistinet. They may give gaseous spectra, or continuous; they may
be planetaries or spirals, or they may belong to a different class entirely. They may even be clusters and
not nebulae at all. These questions await their answers for instruments more powerful than those we
NOW DOSSEsS.

Our present hope is to study them statistically, but until motions, either radial or transverse, have
been detected we must content ourselves with the problem of their distribution. The first step is to make
a systematic survey with powerful telescopes. Fath made a beginning by photographing each of the
Kapteyn fields within reach of the Mount Wilson 60-inch reflector with uniform exposures of one hour.
He discovered more than eight hundred new nebulae, and confirmed the fact that the small nebulae avoid
the Milky Way. This lastis vital in its bearing on the question of whether or not these objects belong to
our system. A survey with long exposures suggests itself, analogous to that of Kapteyn, but based on
the Milky Way rather than on the equator. The writer attempted such a program with the Yerkes 24-inch
reflector, giving two-hour exposures. Little progress was made, but one fact stood out, namely, that in
the fields of galactic latitude —60° nebulae were very scarce when compared to the numbers met with in
galactic latitude +-60°.

The tendency of small nebulae to gather in clusters has been known for some time. Stratonoff’s
map of the distribution of faint nebulae in the Northern Hemisphere shows it very plainly. Max Wolf’s
more detailed study of the ecliptic regions with the 16-inch Bruce camera and the 30-inch reflector demon-
strates that within these larger regions of the sky where nebulae tend to congregate there are points of
accumulation about which the clustering is more marked. He measured the positions of more than four

1 A dissertation submitted to the Faculty of the Ogden Graduate School of Science of the University of Chicago in can-
didacy for the degree of Doctor of Philosophy.
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2 Pnorocrapnic INVESTIGATIONS OF FAINT NEBULAE

thousand new nebulae, and devised a classification which, while admittedly formal, offers an ¢
scheme for temporary filing until a significant system shall be constructed.

The present paper has to do with certain clusters of small, faint nebulae which the writer
during the years 1914 to 1916 while photographing with the 24-inch reflector of the Yerkes Obser ;
From about 1000 uncatalogued objeets, 512 in 7 well-defined clusters were chosen for measurement. Kno
nebulae in the clusters numbered 76; hence there were, in all, some 588 objects, or an average of 84
cluster. The ficlds arc as given in Table I.

The problem of measuring and reducing accurate positions of objeets at a considerable distanee frg
the center of plates taken with a reflector of so large a focal ratio, 1:4, presented serious difficulties. 1]
arca covered by each plate is a square of some 110’ to the side. With the full aperture the stellar i
are sensibly round only within 5’ of the optical center of the plate. From there outward the coma beet
more and more prominent, distorting the images first into an oval, and finally, near the edge of the
into the shape of an arrow, while the point about which the images build up becomes more and mi
eccentric. For images of various sizes this point will be at various distances from the centers of fig
and at 40’ from the center will fall very nearly at the point of the arrow. This introduces at o
overwhelining magnitude-error, masking whatever distortion of the field may exist.

TABLE 1
CexteR (1875.0) Nuueen
Fixro e —— —
« 3 Known New Total
vt o - - M. 4 1* 0=30¢ +31°44’ 21 57 78
IH........... 142 20 32 0 3 81 84
IMm.......... 11 3 54 29 27 8 178 186
IV.......... 13 37 10 56 21 21 52 73
L PErE 14 57 10 23 47 3 49 52
[ T 17 11 22 43 50 5 43 48
Vil......... 23 14 16 7 27 15 52 67
Total.... ..........oiiic]iieinninan.. 76 512 588

If very faint stellar images could be used for reference, this error could be largely reduced. It
necessary, however, to use stars from the catalogues of the Astronomische Gesellschaft for reference, a
with the long exposures required for the faint nebulae the images of these stars were very large. At the
edge of the plate, for instance, the arrow-shaped image of a star of the ninth magnitude would often
fully a minute of arc in length.

It seemed inadvisable to make an exhaustive study of this magnitude-error, whence the alternative:
were to use a restricted portion of the field or to sacrifice accuracy in the reduced positions. The se
of thesc evils was chosen. The positions of the optical centers of images at various distances from ¢t
center of the field were determined empirically. Pairs of plates of a region were taken with apertures of
9 inches and with the full 24 inches and were compared in the Zeiss “blink”’ comparator. With the smalls
aperture, and hence the smaller focal ratio, the images near the edge of the plates were sensibly round
small. Superimposed on the 24-inch images, they indicated where the wires should be set in measuring
the larger distorted images. Trials were then made, measuring positions of A.G. stars all over the 24-inc
plates, until a kind of technique was acquired. Judged by the aims in view and the results obtained, thi
empirical scheme fully justified itself. ;

At least two plates of cach field were taken. In any case the two best plates were put on the “blink”
comparator, and only those objects clearly nebulous on both plates were marked. The better plate was
then placed on a Gaertner ineasuring machine. The nebulae and all the A.G. stars fainter than the seventh
magnitude were measured in X and Y with the same screw. After an interval of a day or two the plate
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was remeasured. Settings were read to 0.01 mm, corresponding to about 0787 on the scale of the plate.
The two measures of a nebula differed but seldom in this unit, and if faint reference stars could have been
used, a higher degree of accuracy could have been maintained throughout the work.

In order to orient the plate, two stars were selected with as large a difference in right ascension and
as small a difference in declination as possible. The difference in X was then computed in millimeters,
assuming a scale-value of 87”4 per mm. The plate was placed in the measuring machine with the meridian
roughly perpendicular to the screw, and adjusted with the tangent slow-motion until the setting on the
two stars gave the computed difference to the limit of accuracy of the settings. This method reduced the
constant of orientation of the plate to an almost negligible quantity.

Turner’s method (The Observatory, 16, 373, 1893) was used as the basis for reducing the measures.
The six plate-constants for each ficld were determined from the five or six A.G. stars most symmetrically
distributed about the optical center, and graphs were constructed from which the values of Y-Y, and
X-X, were corrected. The Aa and A§ were then added directly to the ao and & of the assumed center,
and final corrections to the positions were read from graphs constructed from Turner’s formulae. Any
A.G. stars not included in the determination of plate-constants furnished checks.

Since the distribution of the stars was about the same as that of the nebulae, it was hoped that the
reduced positions of the latter would be of the same order of accuracy as those of the stars. For the 62
A.G. stars on the seven plates measured, the average difference from the A.G. positions was 170 in either
co-ordinate. The settings on the nebulae could be made with greater precision than on the stars, hence
these results justify placing the accuracy of the nebular positions at about 270 in either co-ordinate, except
for such as were near the edge of the plates.

The positions are given for the epoch of the A.G. catalogues, 1875.0. Two of the N.G.C. nebulae
had been measured by Lorenz from photographs made at Heidelberg. A comparison of his measures with
the present measures shows the same second of arc in declination and the same tenth of a second of time
in right ascension. The agreement is perfect to the last units used in the present paper, but as the nebulae,
N.G.C. 7619 and 7626, are situated near the center of the plate, they cannot serve as a test of the accuracy
of those near the edge. In several cases comparisons could be made with positions from visual measures,
as given in the Strassburg Annals, Vols. III and IV. Here the agreement is not so good.

In one case, on the same night, positions of four objects were measured with reference to a certain
star, which was, in turn, tied up to an A.G. star some distance away. The objects are given as N.G.C. 3550,
3552, 3554, and a nova which is designated as 2. The photograph shows N.G.C. 3550 and 3554 properly
placed with reference to the star, both in distance and in position-angle; there is nothing at all in the place
given for N.G.C. 3552; Ky, is properly placed from the star, but is in the N.G.C. position for No. 3552.
The position of the reference star is given as about 17”7 too small in declination. XK. is clearly N.G.C.
3552, and evidently the fourth object does not exist in the published position. As these objects were all
in the same field of view in the telescope, one is at a loss to account for the discrepancy. A list of the
comparisons is given in Table II.

The descriptions indicate form, brightness, and size, and occasionally the locatlon of a neighboring
star. Wolf’s classification was used. It is, as he remarks, wholly empirical and probably without physical
significance, yet it offers the best available system of filing away data, and will later be of great service
when a significant order is established. One class was interpolated between g and h, and was designated g,.
Brightness was estimated in the order B, pB, pF, F, vF, eF, ceF, and ceeF. The range is from Herschel’s
Class IT down to the limit of the plates. Ior several of the fields diameters were estimated to the nearest 5.
Otherwise the size was given in the order L, pL, pS, ¢S, S, vS, ¢S.

The classification given in Table TII is illustrated in Plate III, copied from Wolf’s engraving in
Band III, No. 5, of the Publicationen des Astrophysikalischen Instituts Konigstuhl-Heidelberg. The most
striking feature is the great predominance of the classes e and f. These two classes form a continuous
sequence from the brightest in the list to the very limits of the plates, where they are but mere fain
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nebulae: N.G.C. 3379, a globular nebula of class e; 3389, an open spiral; and 3384, which might be
called a spindle, except that the wings flare out from the nucleus.

The three irregular forms are N.G.C. nebulae and are commented upon in the descriptions accom-
panying the positions.

Very little can be said concerning the surface-brightness of these objects. It is independent of the
distance so long as the angular diameter is sensibly greater than that of a faint star. The photographic
plate therefore records the absolute surface-brightness of the nebulae. High luminosity is a comparatively
rare attribute and there is some relation between luminosity and absolute size; that is to say, the brighter
usually have the greater angular diameter. Since it is hard to conceive of a relation between distance and
absolute brightness, the fact that the faint nebulae are usually the smaller can be interpreted only in the
light of a relation between luminosity and absolute size. i

The clustering of the nebulae here recorded is very pronounced. In the center of Field III there
are some 75 nebulae scattered over an area equal to that subtended by the full moon.! In order to examine
the distribution of the different sizes, diameters were plotted against frequencies. The small scale of the

TABLE 1V
DISTRIBUTION ACCORDING TO SIZE OF THE NEBULAE IN THREE FiELDS
FierLp | |
Dirunren : e
1 111 VII
A - = - |4 556 cliorg 5 5 il o S T [ TP "3
10) 0% § o 5 O, A 7 38 5 34
L R ot o < Feve s snonsmens 27 67 12 52
DO, rorTr . Moo s 25 42 18 26
Dt Sl N e 6 19 10 6
00) ~seador PR 5 9 4 2
BENRIN®. . v . 3 2 4 1
A LR Bl koo sa 4 5 4 7]
s badodl AL S it 8 2.7 il e AN
DI s S, 1%, - PN SR G I RET
(0l ok o bl o 5B S 5 |HD Bk P GO | T I ST B L
59 oo Mo Adaln o S5 ol | S M SR | S N 1, o oS L S RN

plates renders the number of smallest diameters very uncertain. Nebulae less than 10" in diameter might
easily be mistaken for stars and overlooked, especially if they are at some distance from the center of the
field. The curves resemble probability-curves, as one would expect for random distribution in a cluster
at a definite distance.

Exposures of two hours gave all of the nebulae recorded. Five-hour exposures brightened the images
somewhat, but revealed no new ones. The conclusion would seem to be that the limits of the clusters had
been reached. This, however, is uncertain, for the longer exposures gave relatively few stars which were
not on the plates of shorter exposures. As a matter of fact, the 24-inch reflector at this altitude seems to
have a maximum working efficiency at slightly over two hours. Save for very exceptionally clear and
steady skies, the longer exposures add much labor for negligibly greater results. The diameters of the

I See Plate 1V, enlarged from negative R 3352, taken with 120™ exposure on February 26, 1916. The numbers were

marked on only those nebulae whieh promised to be readily visible on the engraving, and which were separated enough to
give room for inseribing the number. The B.D. stars are designated by letters, for whieh the key is as follows.

FIELD I1I

SBTAR  B.D. STAR B.D.

A= $+30°2107 J=+29°2125
B=-+430°2108 K=+429°2126
C=+430°2109 L=+429°2128
D =-430°2110 M = +429°2129
E =-30°2115 N=429°2130
F=430°2121 P=429°2133
G =-30°2123 R=429°1970
H=429°2123 S=428°1971
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The evidence, while far from conclusive, appears to indicate the existence of actual clusters of these
small nebulae in the sky. If this is true, it is natural to suppose them physically connected, as is the case
in star-clusters. It is not possible to form a conception of this state of affairs until some idea of their
distance is acquired. Suppose them to be extra-sidereal and perhaps we see clusters of galaxies; suppose
them within our system, their nature becomes a mystery.
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Fia.'2.—Distribution of size of nebulae in Wolf’s Perseus and three Yerkes fields

VII

The question of nebular distances is of first importance, for it is in terms of this quantity that the
various dimensions may be expressed. The dark nebulosities, by their very nature, and the great diffuse
clouds, some obviously connected with even naked-eye stars, may safely be considered as galactic, and this
view is in accord with their low radial velocities with reference to our system.

The planetaries have repeatedly been measured for proper motion, with negligible results. Taking
a value of 40 km/sec. for the average radial velocity, and an assumed lower limit of 0702 for the average
annual proper motion, a tentative lower limit for the average distance of the largest, and hence probably
the nearest, is found to be about 2000 light-years. There is thus no reason on this ground for placing them
outside our system, especially in view of their decidedly systematic galactic distribution.

Rotation of these nebulae, as detected by the spectroscope, furnishes a means of relating mass and
average density with distance. Assume an axis perpendicular to the line of sight, the mass as concentrated
in the nucleus and the individual distant particles as rotating in equilibrium; let e be the radius, P the
period of rotation, M the mass, and suppose the rotation to be circular. Then o?/P?2M =C, a constant.
Let the unit of distance be the light-year (LY); of time, the year; of mass, that of the sun (8), then C, as
computed from the earth-sun system, is about 4 X107,

Let

a=the angular radius in seconds of arc

d=the distance in light-years

p=the density in terms of earth’s atmosphere at sea-level
p=the linear velocity of rotation in km/sec.

Then the following relations hold:
(1) M=3.4X10~* dar?

v 2
@ p=1.4X10-* (d—;)
@ P=9.15%
75



8 Puorograrnic INVESTIGATIONS OF FAINT NEBULAE

The velocity of eseape for the nebula is proportional to a/p and henee to ». This follows from
assumption that the particles are rotating in equilibrium, and therefore the factor of proportionality is ¢
ratio between parabolic and circular velocity, that is, 1.4, and is independent of the distance. The value
v for those nebulae so far observed is small, ranging from 5 to 10 km. Henee, if the assumptions held
approximately, the veloeity of eseape would be small and of the same order as that for the earth.
these nebulae are composed of the lightest gases, it follows that at any save very low temperatures
molecules would escape at a very rapid rate. Certainly the nebulae would dissipate if the temper.
were of the order of that of our own atmosphere.

TABLE VI
d Diameter ' Mass I Period Denslty
10 LY 0.001 LY 1.28 ' 1.5X10* year 1.8X10-7p
10° 0.01 12 | 1.5X10° 1.8X10-9
10° 0.1 120. 1.5%10¢ 1.8X10-1
104 1.0 | 1200. | 1.5X108 1.8X10-1
|

For an assumed typical planetary ncbula, 20” in diameter, rotating with a veloeity of 6 km at
from the perpendicular axis, Table VI has been eonstrueted from formulae (1)-(3), expressing the orde
of magnitude of dimensions in terms of distance.

The veloeity of escape would be about 8.4 ki per second, whatever the distance.

Speetroscopie rotation of spirals furnishes an analogous set of formulae, and here the inelination
the axis may be roughly determined from the ratio of the two diameters of the nebulae. Let 8 be th
semi-minor axis, then the formulae will be:

@) M=3.4X10~* dar?

2z
B) p= 1.4><%>< 1012 (d%x) in suns per cu. LY, or

2
=2.8X EX 10—-¢ ((%L\) in atmospheres
_9.15da

@6 P .

The spirals form a continuous series from the great nebula of Andromeda to the limit of resolution,
the smaller ones being much the more numerous. Considering them to be scattered at random as regards
distance and size, some conception may be formed of their dimensions from the data at hand. The average
radial velocity of those so far observed is about 400 km, while the proper motion is negligible. Putting the
annual proper motion at 0705, the lower linit of the average distance is found to be about 7500 light-years.
If they are within our sidereal system, then, as they are most numerous in the direction of its minor axis,
. the dimensions of our systein must be much greater than is commonly supposed.

The observations point to very large values for the rotational components of velocity, although the
necessarily sinall scale of the instruments employed in their study renders the measuring difficult. Pease
has determined the velocity of rotation for N.G.C. 4594 with some degree of aceuracy. At 120” from the
nueleus it amounts to 300 kin and varies linearly with the distance outward. V. M. Slipher reports that
for the Andromeda nebula the angular rotation is fastest near the nucleus, and that this type of rotation
promises to be the more common.

Assume a typieal spiral 400" in diamweter, with the ratio of the axes of figure as 8/a=0.1, and with
rotation perpendicular to the line of sight at a velocity of, say, 200 km at the periphery. These figures
are apparently not very different from the average of the two dozen brighter spirals. Table VII gives
the dimensions in terms of distance.

76



=

4

-

Epwin P. HuBBLE 9

The velocity of escape is 280 km/sec.

At the lower limit of average distance of spirals the typical nebulae would be fifteen light-years in
diameter, forty-five million times as massive as our sun, and 3 X 10" as dense as our atmosphere. On the
other hand, if the typical spiral nebula is placed at a suitable distance, its dimensions assume the same

~ order of magnitude as those of our own stellar system.

The conception of our galaxy set forth by Eddington in his book Stellar Movements and the Structure
of the Universe is that the Milky Way forms a ring around a eentral, slightly flattened cluster. This ring
i1s supposed to rotate in equilibrium so that the stars may remain coneentrated in the configurations they
now form. Assuming the ratio of the two radii as one to five, and using Eddington’s figures of 2000 parsecs
for the distance of the Milky Way, and 10° suns as the mass of the inner eluster, the period and density may

. be computed and ecompared with those of the typical nebula placed at a distance such as will make the

diameter the same as that of our system. The results are are given in Table VIII.

TABLE VIl
d a Mass ! Perlod Density
102 10 2.7 X108 9 X102 ' 1.4X10° suns per cu. LY
10° 100 2.7X10¢ 9 X108 1.4X107
104 10! 2.7 X107 9 X10* 1.4X10°
105 102 2.7X108 . 9 X105 1.4X108
108 106 2.7X10° ' 9 X108 1.4X10t

TABLE VIII

Distance Radius | Mass * ! Period Denslty
Nebula...... 6x10¢ LY 6X10° LY | 1.6 X101 S ! 5.4X107 year 5.6%X10-1
G oo e i) 6103 10° | 2.5X108 1.2X10-2

The velocities of escape would be about 280 km for the nebula and 170 km for the galaxy. Con-
sidering the problematie nature of the data, the agreement is such as to lend some color to the hypothesis
that the spirals are stellar systemns at distances to be measured often in millions of light-years. The com-
putations by O. H. Truman! and by R. K. Young and W. E. Harper? of the motion of our system with
respeet to the spirals, based on the radial veloeities of the spirals, are another and stronger argument for the
liypothesis.

The prineipal objeetion lies in their apparently systematie distribution with respeet to the Milky
Way. The matter is usually stated in the form that “spirals avoid the Milky Way.”” There are less than
300 nebulae known to be spiral in form. The greatest of them all is just on the border. It is suggested
that the spirals seemn to follow the distribution of the small faint nebulae. If this is true, the most that
can be definitely stated is that they tend to cluster in eertain regions of the sky, in one of which the north
pole of the galaxy is located.

As the small nebulae and the spirals inhabit the same regions of the sky, it is probable that the
order of distance of the two classes is the same. Classes e, f, may even turn out to be spirals themselves.
This, however, is a question for large instruments, and is outside the seope of the present paper.

t Popular Astronomy, 24, 111, 1916.
2Journal of the R.A.S., Canada, 10, 134, 1916,
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TABLE 1X
Fiewp I or NEBULAE
(1875.0) & . (1875.0) e
No. 5 DszscrirrioN No. i DEeacriprion
e 8 o] a é o
1..] 0b56™35°1 |4-31°36'39"| F, R, 20”d, *14m 20"p. || 30..| 1* 0=33:3 431°54'41”| e | eF, E, eS.
¢ T 39.3| 313524 e ¥ R, 20”d ‘l2m 20"n. 31.. 39.3] 812528 | | 'E mEl30°’, l’l
3.. 49.0 31 2214 | he F mEllO° 60”1 32.. 43.2 3217 18 | e vi“ R, 40"d, S
4..1057 5.7 32 412 | e el' st. ‘l3m 30"np. 33.. 59.1 313514 | g el‘,eS st.
5.. 54.5| 3217 41 | e vF R, 25"d, *14m 30’ of. | 34..1 1 1 8.5, ] .82 38, 119 [es[E i cl§40°‘llm1
6..,058 89| 32 833 |e vl-‘ R, 25”d *0 1'nf. 3Drrs 11.3 | 31 13 16 | he| VF, 310° V'l
Gy 22.3( 313312 | e el' 36.. 196 | 3147 9|1 | F,S, 4
S . 41.8 314533 | { 1* R S, A2 faint*, bM. || 37.. 24.5 312517 | { | F, s
9.. 427 | 311758 | f | pF st 213, 14 15p. 3s.. 27.8 | 315256 | | cF, vS, *15m
10.. 54.7| 311630 | g g eE0° 30 "l 39.. 32.7 31 45 48 | ¢ | eF, 8
11.. 58.0 | 3143 6§ | g l°‘, cE130°, 30”1, bM 40.. 50.3 31 45 57 | ¢ | eF, iR, *14ml’s
12.. 59.7 | 32 533 |e|vF R,30"d. 41.. 58.8 | 3125 54 | e | pF, R, 25"d. no
13..10 59 13.9 | 31 56 21 | f | vF, st. *16m40”’sf 42..11 2 55| 313421 ] e | vF, st. *10m20°
14.. 28.2 | 313143 | f | vF,st. *15m 1!5f 43.. 20.4 3129 4| ec | vl R, 45"d. no
15.. 51.6 | 32 33 48 F vI‘ E140°, 45"1. 44.. 22.3 | 3118 42 | { | F, st. and sev {*.
16.. 58.2| 32 158 vF E60°, 20"1 E 45.. 26.4 32 322 | e vl‘ st. *11m20"”
17.. 58S.8 | 314127 | ¢ cF eS. 46.. 32.0( 32 619 | ¢ cF iR*14m30"'sf.
18..11 0 0.7| 315435|e|F, st 47.. 39.7 313021 g vl' clis0°, S.
19.. 3.6 311839 | ¢ vF st. d. nue. 48.. 48.5| 3147 5|1 | F st. *15ml'nf.
20.. 6.4 3129019 | ¢ vF 1E, 20”1, 49.. 49.0 | 314139 |f elg' vS, *15m30’
.. §.2| 314216 | ¢ vI‘ st. 50.. 49.8 | 31 57 8 eF, st. ‘l4ml’
22.. 10.9 31 43 12 | h | vI*, E90°, 1L L9 O R 5 e 5 3142 7 |f | vI st. 2*14ml‘f.
23.. 150 3224 1|e|cF, eS, 2" 10 11ml'nf. 52.. 8.0 321451 | e el*, .
24 18.9 | 313022 g|vF eﬁ S, *15m40”s. 53.. 26.4 | 314318 | f | VI, st. A2V]
25.. 22.0| 31 142 ¢/ Vvl 5., 37.6 | 313051 | | el st. bet. 2%,
26.. 22.1 322251 ¢ cI‘ R 30”’d, *12m1'5nf. 55.. 57.6 31 55 41 | f eF‘, st. *13ml5’
27.. 2.9| 3131.20 )¢ FcE60°1’l '16m40"np 56..11 416.4| 32 2 91 f | vl st. bet. 2%.
28.. 25.0 | 314517 |1 | eF, E, €S 57..|]1 5§ 1.6 3148:22 | & eF st. *12ml's.
20..|1 029.0| 31 54 48| he I‘v, mE160° 40”1*13m1's.
NEBULAE PrEviousLy KNowN 1IN Fiewp 1
N.G.C. N.G.C.
370...| 0*59=5126 (4+31°44'55"| g ¥, S, ¢cE20°* 14m30”s.}} 394..! 1 13126 [432°28’'50”|{ | F, st
374...11 012.5 32 735 |g pB mElO"bct. 2*13m. 397. . 36.4 32 26 32 |f | vF, st
376. .. 14.3 31 40 43 | | VF. 398..11 2 0.0 31 50 50 | | F, st.
379.. 22.5 31 51 8 | g | pB, cE 0°, 60" -X30". 399. . 5.2 3158 1 |g!|F, E50° 40"l
3%0. . 245 | 3148 53 |e | pB, R, 40”d. 403. . 20.0| 32 5 9 |k |pB, mEI0®, 60”X
382. . 30.9 31 44 8 |f | pB, R, 20"d.
383.. 32.0 31 44 38 | e | pB, R ld& bM. 387..01 0 410.1 31 43 23 | | vF, €S, st.
384.. 32.2 31 37 26 | g | DB, cl‘ 135°, 30”l
= : . 5 F st. 1618..1 0 59 3.4 | 31 44 31 | g | pF, cli, 150° 25”1,
388.. 4.2 3138 28 | * st. 9g o B ¢ = . )
2020 |1 1201 | 322750 |1 |ph R 30" bM, *11m1’ 1619... 1 025.6| 3223 57 [f | pl, st. bet. 2°11,
sp.

N.G.C. 379 and 372 are probably the same object, with « of 370, and 3 the mean the two N.G.C.

in theolommedhto vicinity.

48! Faint stars in theso positions; no nebuiae near.

3900, Faint atar, 16m. in this position.

No trace of a nebula.
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TABLE X

4 Fierp II oF NEBULAE

| (1875.0) A (1875.0) ~
':; DESCRIPTION No. g DESCRIPTION
> a 8 O @ 8 O
1h39m32 21 +-31°52'58"” | f | F, S. 42, 1243m1220 +31°52"35"” | f | eeF, eS.
. 41.7 32 46 3 e | eF, pS. 43.. 122 322258 |f |eF,S.
- 43.4 32 425 d | eeF, S. 4., 13.1 31 51 39 | h| eeF, S.
46.7 3129 2 f | vF, S. 45.. 13.2 31 59 34 | e | eeF, vS.
1 50.4 32 7 35 ¢ | eF, pS. 46.. 13.4 32 232 | e| eeF,eS.
55.6 . 3124 29 e | eF, eS. 47.. 17.9 31 57 14 | f | vF, vS.
59.0 32 10 21 f | vF, vS. 48.. 19.6 322539 |f |vF,vS.
140 27.5 31 24 17 | ho| eeF, S. 49.. 20.7 | 3150 3 |h|eceF,S.
48.3 313029 |e |eeF, vS. 50.. 22.6 323 9 |e|eeF,vS.
50.4 31 37 46 e | eeF, vS. 51.. 22.6 31 49 17 | e | eeF, S.
141 5.6 3144 9 e | eF, 8. 52.. 23.8 31 47 57 | e | eeF, eS.
y 8.9 31 55 48 e | vF, vS. 53.. 29.5 315229 |f |VvES.
9.4 31 5934 |f |vF pS. 54.. 30.5 32 27 43 | f | pF, pS.
20.2 31 53 23 | e | eF, vS. 55.. 37.6 315320 |e|eF,eS.
32.6 3220 2 |f |vF S. 56. . 39.0 31 56 43 | f | eF, eS.
s 87 .1 31 55 40 | e | eF, vS 57.. 39.2 322821 |(f|VFS.
47.6 32 16 38 f | eF, vS 58.. 39.3 32 13 46 | e | eeF, vS.
51.5 31 55 50 e | eeF, S. 59.. 39.9 3153 5 | e | eeF,eS
142 0.5 31 56 38 e | eeeF, S 60. . 43.4 31 53 22 | e | eeF, €S
0.8 322825 |f |vF,8. 61.. 46.8 315218 |f | eeF,eS
| 15.8 32 11 28 | g | eF, 30”1 62.. 48.9 321644 |f | eF, vS
4 16.4 31 52 43 e | eel, eS 63.. 56.4 32 18 51 f | eF, vS
| 21.1 31 55 41 e | eeF, eS. 64.. 58.8 32 010 | e | eeeF, vS

4 23.5 315724 |f s 65...] 1 44 0.7 322729 |e|eeF, vS
r| 31.5 32 0 9 |g|vES. 66.. 0.8 32 958 |e | eeF,eS
Be. 37.8 32 42 19 | e | eel, S. 67.. 1.9 32 017 | f | vF, vS

. 41.4 32 34 24 e | eeF, S. 68.. 4.0 3229 4 |e | eeeF,S
;. 43.5 31 29 20 f | eeF, eS. 69.. 8.4 3224 6 |e |eF,vS.

. 44 .4 32 10 20 g | pF, 30”1 7005, 115196 3224 47 | f s pS.

. 50.4 3219 55 | f | vF,S. il 14.9 32 12 48 | e | eeF, vS

1 50.9 32 47 16 e | eF, S. 72.. 20.7 322564 |f | vF,S.

3 51.2 31 24 50 e | eeF, eS. 783 o 24.6 32 437 |f | eeF,eS.
of 58.0 32 0 4 | e |eeF eS. 74 .. 24.6 32 938 |[f |eF,eS.
.. 143 2.7 32 52 33 f |eF,S. 0o .0 34.9 32 534 |f | eeF,eS.

. 5.3 31 51 52 | e | eeeF, eS 76.. 43.5 32 27 34 | e | e€F, pS.
. 7.0 314817 |f | pF, S. 2. . 47.5 313313 |f |eF,eS.

o o 7.5 3232 4 | w|eF, 40"d ksses 52.7 322424 | e | el vS.
28 TN 31 56 36 f | vF, vS. 79.. 56.0 32 14 24 | e | eeeF, vS.
8.6 31 54 15 | e | eel, eS. 80.. 57.4 32 4 2 |e|eeF,S.
" 9.1 3l 58 1 f | eF, eS. 81.. 1 46 28.6 3122 2 f | eeF, eS
1 43" 9.3 32 6 11 | e | eeF, vS.
NeBuLAE PrEviousLy Known IN Fiewp II
1.0.
1733..| 1p43m2526 [-+-31°56'40”| f | VF, eS. :
1 1735.. 35.5| 31 55 32 | ¢ | vF nuc, iR eeF neb.,
60"d.
4
. 142 20.4{ 31 57 55| q| 270" X30”. Found
visually by Barnard.
Not catalogued.
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12 PuoroGraruic INVESTIGATIONS OF FAINT NEBULAE
TABLE XI
l-u.w l]I oF NEBULAE
(1875.0) H (1875.0) g
Vo. 3 DescrirrioN No. ] Descriprion
e '] %] a L} o
1. 10259m50 24 | 4-20°22740"| e | ceF, 25”d 67..[ 11 3m40+3 [+29°23'57"’| e | eeF, 10”d
2 1o 2.1 +292337 e | 35"d. 6S.. 41.3 | 29 21 55 | g eF, E110°, 30”
T4 14.7 | 29 46 56 | e | cF, 30"d 69.. -41.9 | 29 22 21 |e | eF, 207d.
4. 22.0| 201559 e | vF, 20"d 70. . 43'7| 30 714 |e | eel’, 20"d
Iy 23.5| 29 559 |f | ek, 30"d 71.. 44.7| 29 22 38 |e | ee¥, 20”d
6.. 25.8 | 2927 21 (f | vk, 30"d [N72%: 46.2 | 2028 7 |f | eF, 207d
. 42.5 | 2839 11 |e | ef, 15”d. | 13§, 46.4 | 29 30 25 |d eF, 15"d.
8. 56.1 | 202010 |d| eeF, 30”d | 74. 40.8 | 29 22 46 |d| eck, 20"d
9....011 1 1.0| 2851 3|e|eF,20"d. 75.. 51.6 | 29 22 53 |e | eeF, 10”d
10 52| 201031 |e | eF, 25"d. ‘ 76 . 52.4 | 20 22 34 |e | eoF, 15”d
.. 19.5 | 29 22 46 |c¢ | eeF, 15”d. .. 52.9 | 29 43 59 |e | ceF, 20”d
12.. 22.4 | 28 39 12 | w| eF. 30"d open spiral. 1 78.. 53.6 | 28 59 39 |e¢| TV, 35"d.
13.. 23'9 | 201221 |e | vF, 25"d. 9. 54.5| 2026 1 |d| eceF, 20"d
14.. 24.8| 2919 4 |hol ecF, E165°, 35”x10” || 80.. 54.7| 2923 5 |e! ceF, 20"d
15.. 273 | 203218 |d| eeF, 15”d. s1.. 55.1 1 29 21 50 |e | eF, 15”d.
16.. 28.4 | 20 532 e vF, 30" 82.. 56.7 | 20 26 22 |e | cel, 15”d, E50°
17.. 284 | 2912 58 |d| eF, 20”d 83.. 56.9 | 29 34 40 | e | eF, 15"d.
18.. 290.2 | 293111 |e | eF, 157d. 84.. 57.5| 2916 59 | e | eF, double neb:
19, 32.3| 20 6 30 |ho| eeF, 3160°. 4" apart.
20.. 36.6 | 29017 52 |d eeF 20°d, some strue-|| 85. 57.6| 29 8 7 |e| eF, 30”d.
ture. 6. 57.7 | 29 27 19 | he eeF, E140°, 15X
21 38.6 | 20 17 13 |f | eF, 20”d.
O 53.4 | 29 19 33 | e | F, E60°, 30" X15". 87..011 4 0.8| 2917 51 |e| ecF, 10”d.
2%.. 56.6 | 29 54 3 |d| eF30”d. SS. . 1.0 | 28 56 28 |e | eeF, 20"d.
24,11 2 2.2 293646 |d| eeF, 15”d. 89. . 1.4 202215 |e| cF, 15"d.
25.. 57| 2050 3 |w eeF 45”"d, open spiral. || 90.. 1.4 29039 5 |e eeF 15"d.
26 . 17.2 | 28 57 27 |e | eF, 20"d. 91.. 1.8 | 28 57 21 |e | vF,'30"d.
%.. 24.0 | 2845 9 |g| cF, E160°, 40”%x20". || 92.. 3.4 | 202726 || eF, 107d.
28 . 30.3| 2033 6 e cel, 107d. 93. . 3.7 202010 |e cc!" 20"d.
29 . 36.0 | 31 14 51 |e | vF,'25"d. 04 .. 2.7 | 29 20 17 |e | vF,20"d.
30.. 36.4 | 20 43 59 |e | eek, 107d.
31.. 37.9| 29024 6 |d > 20”d. 95.. 3.8| 20 2 9 [c| eeF, iR.
32.. 38.7 | 20 26 44 | e | ceF, 157d. 9. . 1.4 | 2927 33 |e| eF, 10"d.
33.. 38.8 | 20 44 12 |c | eeF, 15”d. 97.. 5.7 | 2028 23 |e | ceF, 15"d, faint ex
34.. 30.81 202017 |e eel", 15”d sions.
35.. 40.3 | 20 54 55 | e | eeF, 15”d. 98. . 5.8 | 3014 51 |c| eF, st.
36. . 41.2 | 20 27 20 | w| eel’, nuc. 10”d, ring,|| 99.. 6.9| 202250 |e| ek, 157d. )
30"d. 100. . 7.6 | 28 56 51 | ho eel, E25° 30" X10",

= .. 41.4 | 28 55 57 |e | eF, 15"d. 101.. 94| 291423 [e| el 15”d.
38 . 42.8 | 20 23 45 {d | vF, 15"d. 102. . 99| 202020 |d| ek, 10”d.
39.. 41.9 | 20 23 51 |c | oF, 10"d. 103. . 10.0 | 28 53 55 | ¢? cel’ faint ex
40.. 47.3 | 20 18 17 |k | vF, E150°, 45X 15". 60" X40"?
41.. 48.0 | 2943 23 g eeF, £40°, 207 X10”. | 104.. 10.1| 30 027 |d| eF, 30"d.
42 48.3 | 292121 | | eF, 15"d. 105 . 10.6 | 290 S48 | gl e, E145°, spir
43.. 54.0 | 20 21 19 | g/ eF, 30”X10” 40" X 20"
44 55.7 | 203533 e |F,20"d. 106. . 12.8 | 2928 58 | h| ecel, 207X 10"
45. . 56.6 | 285541 |e | eF, 357 107.. 13.4 | 2902315 [e | cel, 15"d.
46. . 58.2 | 2013 50 | g | eeF, E50°, 30X 10”. || 10S.. 13.5 | 29 21 19 | gl ecF, E125°, 257X 15",
47..../ 11 3 4.1 201039 ' a eeF 15" d structure. 109.. 13.8 ) 29 47 14 |d ecl" 20"d.
4. .. 4.3 | 29 38 56 | gl ecF, ,so", 20"x10”. | 110.. 14.2 | 30 057 |k| el E40°, 81”%20".
49 ... 21.6| 20 114 d|eF, 15d T 4.4 292521 |e| el 15"d.
50.... 22.6 | 2918 15 d | eef, 207d 12.. 15.6 | 20 29 36 | d| eccF, 10"d.
Rl 4 23.4 | 201721 e vF, 20"d 113.. 18.6 | 28 55 56 |e | eeF, 15”d.
52.... 23.6 | 2039 35 e | eF, 20”d. 114.. 20.2| 2853 6 | f | eck 20"d.
53.... 24.3 | 2940 11 | e | eeF, 207d 115.. 228 | 2854 6 |e| eck, 20”d.
54.. 279 20 9 3 |f|eF, 157 116.. 279 292325 |f | cF, 35"d.
55.. 26| 30 7 9[f | ceF, 30"d T 27.9 | 29 26 40 | e? ceF, 60" X40", apiral ?
5. . 2%.7| 20 047 [d]| ceF, 15”1 118.. 28.4 | 29 22 31 |e| eF, 45"d.
.. 30.1| 2849 9 e | eeF, 20”d. 119 28.6 | 292158 [d! ceF, 15”d.
58.. 31.4 | 2043 22 |e| F, 15"d. 120 296 | 292518 |e | eel, 10”d.
59.. 31.5 | 2028 6 |c | eF, 15”d. 121, 30.2 | 293742 ¢! eel 15"d
60.. 32.5 | 29 14 55 | e | eF, 157d. 122.. 32.0 | 292537 | d| eel, 15"d
61.. 33.4 | 28 57 49 | e | eF, 15”d. 123.. 31.4 | 202133 e/ eF,20"d.
62....] 35.8 | 2018 9 [f | vF,20"d 124, 349 2042 1 |c/| eF 20"d.
63....| 38.5 | 29 23 55 e | eeF, 10”d. 125. 355 | 201210 |e| eck, 10”d.
64.. 39.6 | 2923 9 |a? eF, 35"Xx25". E35° 126. 36.0| 2021 0 |c| el,E60°, 20”X15".

‘ l mmmturcDumb—l)cll 127 37.0f 2027 7 |4 oecl' 15"(1
65.. 30.7 | 29 25 39 |e | cecF, 107d. 128, 11 4385 | 28 5622 |e| oF, st
66.... 11 340.1| 292548 |e ccek, 10"d.

1
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TABLE XI—Conlinued

(1875.0) a (1875.0) 4
g - DgscripTIiON No. 5 DESCRIPTION
o 8 o) a ] @)
4m39:4 14-29°24'33"| { | vF, 25"d. 154..[ 11® 5™355 |420°15’ 0”| e | eeF, 30’/d.
40.2 29 12 57 | e | eek, 15"d. 155.. 43.6 28 57 24 | e | eF, 40"d
41.8 | 29 27 40 | g | ecF, E95° 20X 10", 156. . 49.2 | 28 42 34 | f | eF, st.
46.8 | 29 19 18 | go| eeF, 30"/ X15". 157 51.3 | 28 43 12 | e | ecF, 30’/d.
47.9 1 2931 9 |d| eeF, 10”d. 158.. 59.6 | 28 57 38 | e | eeF, 30’/d.
49.3 2026 1 |f | eF, 15"d. 159..1 11 6 6.9 28 44 55 | d | cel, 30'd.
49.9 | 29 29 19 | e | eel, 10”d. 160. . 9.7 | 2929 30 | d| eeel’, 20""d
49.9 20 14 45 |c | eeF, 15d 161.. 10.6 28 40 46 | e | eI, 30”d.
50.5 | 29 25 27 |e | eF, 30"d 162, . 11.81 29 4 8 |f | vF,st.
51.5 29 22 55 | e | eF, 10”d 163.. 12.8 30 11 16 | e | eel’, 10”d
52.7 | 29 23 21 |e | cF, 10"d 164.. 17.5 | 29 25 47 | e | eF, 15"d
54.1 [ 29 29 57 |e | eel, 15"d 165.. 23.2 | 28 43 55 | f | eeF, 20"d
5 3.0 28 56 43 |c | VI, 30”d 166. . 24.9 | 28 39 40 | ¢ | eeF, 30”d
4.7 1 29 16 36 |c | eF, 15d 167..| 27.8 | 28 41 26 | e | eeF, 30"d
6.8 29 15 53 |e | eck, 20”d 168.. 20.0 | 28 56 22 | e | eeF, 20”d
7.6 | 28 53 4 |d| eeF, 15d 169.. 40.9 | 292027 |d eeef", 20"d
11.6 | 29 38 5 |e | eeF, 20"d 170.. 37.7 | 28 33 23 | d | eeeF, 15”d
12.3| 2910 1 |d]| eF,20"d 171.. 42,7 | 29 37 59 | e | eeF, 20d
13.5 | 30 930 |d| eF, 20"d. 172, 442 | 29 513 |d| eeeF, 15”d
14.4| 30 6 28 |e| elf, 20""d. 173.. 50.6 | 29 18 31 | e | eeF, 20"'d
14.7 { 29 20 38 | w| eF, 25"'d, spiral. 174. .1 11 7 11.1 | 28 32 54 | d| eeF, 20"d.
156 [ 29 8 19 |d| ceeF, 15d. 175.. 14.9 | 30 14 45 | e | eF, 20"d.
17.1 [ 29 29 16 | e | eF, 20"'d. 176.. 19.2 | 29 18 25 | h | eeeF, 30"/ X10”.
19.4 | 2910 52 |g vF’, E40°, 50”20 7. 27.1| 29 626 |f | eF, 20"d.
534.3 | 29 2510 |d | eeF, 30"d. 178..[ 11 7 32.9 | 28 51 30 | e | eF, 30"d.
NEBULAE PreviousLy Known IN Fiewp III
o N.G.O.
11 0=3124 |429°12" 6”|f | vF, 35"d. 3554.| 11k 3=577 | 29°22'15”| e | VF, 25'd. .
1 2 5.3 20 9 5 |e| I, 40"d. 3558.| 11 4 10.9 29 13 17 |f | vF, 15"d, with wl;at
22.9 | 29 20 56 | go| F, E5° 60”X20". appears to be a faint
11 3 53.5| 29 26 47 pB, eccentric nue., ring 50’ in d.
BOLC25L, 3561.| 11 4 28.4 29 22 31 (e | eF, 45"d.
11 352.2| 202438 |e| F20d

81
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TABLE XIII

FieLp V or NEBULAE

(1875.0)

(1875.0)

E DegescripTiON No. g DESCRIPTION
a 8 o] L3 8 (@]
3m52:5 |4+23°10'16" e | eF, S, R. 26...| 14b57™ 6°1 |+24° 556" f F bet. 2*14, 15m. .
54.5 23 57 39 |e VF R 20"d, *18m 40''nf.|| 27.. 8.4 23 4722 | g , ¢S, iR.
56.2 23 53 37 | g eF S, m3. *lG‘ml np. 28.. 8.9 24 16 59 | e e ) (S)s
- 58.1 23 16 56 | e VF, pS, iR. 29.. 10.3 23 50 31 | e |eF,S.
6.7 23 24 32 |f | eF, S. 30.. 11.3 23 46 44 | e | eF, S.
16.2 24 530 |f|F, S *17m30"'n. ST 1 s 23 49 57 | e | eF, S.
31.4 24 6 9 |w F 30"d Splra.l 32.. 13.6 23 53 2 | hjeF,S.
35.9 23 58 27 | g VF mE, 40”1, bet. 2*, 33.. 18.8 23 44 22 | g | eF, S.
37.3 24 12 53 | e cF, eS. 34.. 24.1 23 42 42 | e | eF, ¢S, iR.
13.7 23 52 21 |g| F, E, spll‘al'P 35.. 24.3 24 4 40 | e |eF, S, iR.
747 24 230 |g F EISO 36.. 26.8 23 45 2 | eleF, vS,iR.
26.3 24 0 51 |ho VF S, lR 37 ¥ 35.9 24 6 37 | e|ek,S.
27.0 24 928 |g|F, VS 38.. 41.7 243 T7|f eF,S
28.6 2323 S te ‘VF S R 15”d, no nue. || 39.. 43.0 23 24 38 | e 30’d, no nue.
30.0 23 54 53 | e VF VS, R. 40.. 51.7 24 048 | g eF vg AWIth 2*14 and
32.6 24 247 |f eF vS. 3 16
46.4 24 3 54 |e el" S, iR. 41...| 14 58 0.6 23 18 4 | e |vF, 25 d spiral ?
- 47.8 2436 4 |e VF’ S iR. 42, 6.8 231121 (g FcL mE180° ,807 X 15",
51.2 2340 4 |e VF VS 43.. 18.5 23 26 30 | g eF S 0"'d.
56.0 23 51 10 |e | eF, vS, R. 44 .. 19.8 23 21 55 | f vF R? 60’'d.
58.7 23 49 12 | f OF vS, R. 1l 45.. 25.9 23 2535 | e eF S, R, 20”d.
58.7 23 50 14 | e cI‘ eS, R. 46 .. 48.4 23 40 57 | g eF, cS, mE
59.0 23 51 41 | g eF S lE 47.. 54.7 23 54 12 | e | F, mE 180°
4.3| 235151 |e eF', 48. 14 59 56.8 | 24 10 32 | e | VI, S, iR, bM
4.3 23 52 8 |f | eF, E 49015 057 2 23 52 11 | e | eF, S, iR.
NEBULAE PreEviousLy Known IN Fierp V
o 1.C.
| 14b57™ 926 |+23°49'29”] w | open 2br, spiral. 4526 | 14257 59 | 23°50’31”| e | pB, R, 18"d.
4532 59 21.7 234443 |e| pB, S, E
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TABLE XV
FieLp VII or NEBULAE
(1875.0) 2 (1875.0) I 2
3 DEscripTION No. [ 3 DESCRIPTION
‘g a 8 &} a 8 IO
}
.. 23810™2527 |4-8°1328"| f | st. 14m. 27...| 23°14=41.8 |+7° 29'40"| h | FN, mE160°, 80”X20".
.1 2311 19.4| 73413 |e | TS, *1Tm30"s. 28... 41.8 | 7 13 46 f | pF, vS, bM, A with 2
39.3 | 7 45 26 |d| vF, R, nonuc., 16m45" ' faint *.
| np. 29.. 42.4 | 7 44 32 |e | eF, eS,*14m1’sp.
; 47.3 1 7 355 |f | eF, S, R, no nue. BOME 46.1 | 7 32 31 |n | pFN, eccentric,nE90°.
../ 23 1223.1 | 7 18 20 [c | vF, st. nuc. with ring| 31.. 46.2 | 7 29 21 1 | pF, v§,
45"d. 32.. 52.8 | 6 40 49 | f | st. 14m.
42,2 | 645 7 |d| eF,S, R, nonuc. 300 54.9| 73239 |e FS,IE.
5l 1 7 210 |q| F, IbM, mE100° 100,/|| 34.. 56.2 | 710 7 |1 | VvF, 8, E, *14m30”'sf.
| 20", 35... 56.9 | 6 47 41 [ e | vF, IE, *15m30"’s.
.1 23 13 17.2 | 7 24 12 | ho| vF, S, IE50°*14m30’’p. || 36... 58.5 | 7 33 24 |e | vF, vS, *17Tm30"/f.
i 19.4 | 7 34 51 (q| F, sharp nuc., mE70°/ 37...1 23 15 5.9 | 7 51 23 |e | vF,R,lvM,40"d,*12,1'n.
80/ X20", 38... 11.1 | 720 15 |f | vF, S, E, *14m30"sp.
29.9| 73115 |f|F,S,E150°. 39.. 16.9 | 7 34 23 | e | vF, vS, *15ml'np.
33.6| 8 651 (d|eF,pS,R. 40.. 20.4( 73815 |d| vF, vS.
35.4 | 7 52 39 |g | pF, bM, mE150° 40”1. || 41.. 21.8 | 81824 |h| vF, E, *9m, superim-
41.6 | 732 2 (g| eF, vS. Fposed.
41.6 | 7 18 13 |e | VF, vS, A2 faint *. 42.. 26.0 | 82337 |d pFpL, R, IbM.
49.1 7 216 {e| vF, 8, A2 faint *. 43.. 28.7 | 72943 |f S
52.7 | 7 14 52 |h | F, sharp nuc. vmE20°| 44.. 53.0 | 815 14 | e | eF, pL, iR, no nuc.
90"/ X 15", 45.. 56.3 | 7 46 32 (e | eF, S, *16m40"P.
- 56.6 | 7 19 16 | ¢ | eF, pI, no nuc. .| 46... 2316 24.2 | 7 40 32 | e | vF, E, *17Tm40",
.../2314 24| 651 8(f|FS R, *14m90"n. 47 38.8 | 818 39 | ho eF, no nuc,, vmE175°,
L 2.9| 73855 |f|F S R,bM 150" %307,
> 18.4 | 74240 |f | F, S, bM. 48.. 42.5| 73339 |g| vF, S, E.
24.4 | 74535 |¢ ef‘, vS, *16m30"’s. 49.. 43.4 | 7 36 39 e | eF, pS, no nuc. Trapz.
5 31,3 | 7 27 10 |e | eF, vS, bet. 2%, of 4 *,
. 34.9 | 73147 |e | VF,S. 50... 55.3 | 751 8 |e| VF,S, *12ml’s.
b 36.0 | 730 3 |f|vF,vS. 51...1 23 17 14.2 | 7 37 37 | e | eF, vS, *12m2'nf.
a8 36.2 1 742 4 [f | vF,vS. . 52... 2317 34.9| 6 55 40 |d | eF, pS, no nue.
04 23 14 37.5| 741 4 [f |vF,vS. |
NEBULAE PrEvVioUsLY KNowN IN Fierp VII
8C. N.G.C.
.. 23h11m31:7 | +6°44'48”/f | F, R, bM. 7621.| 23b14= 5:0 |+ 7°40'56”| g | pF, pS, mbM, E0°,
32.6 | 64146 |f | F, R, bM, *15m70"p. || 7623. 10.4 | 7 42 45 |f | pB, R, mbM, 60"d.
N 36.1 754 7 |f | pF, st. 7626. 22.8 7 31 56 |f | B, R, bM, 90"d, *14m
BB28%192 55. 5 7 40 6 | h | pV, sharp nue., mE20° 60"p.
100”X25”, 7631.1 2315 7.1 | 7 3159 |g| pB, mbM, mES0°, 110’
1..023 13 16.6 | 7 22 45 |go pB, gbM, mE140°, X40”.
. " X30". 7634. 223 | 81214 |f | F R, *10m20"p.
12" 24.7 7 53 38 | g | pB, mbM, cE170° 80"
40”. 2d 1.O.
5. 35.0 742 58 | | F, E130°, * 14m in-|| 5309.| 23 12 51.8 7 25 32 | g | pF, mbM, E0° 50" X
volved. 30", *14m on south
7.. 49.2 7 28 54 | e | pF, pS, mbM, vIE20°. edge.
9../231354.8| 73119 |f]| B R,97"d.
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Worr's CLASSES OF NEBULAE
(Copied from the Konigstuhl [Heidelberg] Publications)
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