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THE CLASSIFICATION OF NEBULAE.
Lhe 7rimary Division
The primary division of nebulae into gsluctic and non-galactic is sharp
and fundemental. The classes are mutually exclu:ive and unecrtain objects are ex-
tremely rare. A casual inspection of the photogrgphic image 13::1most every case
suffijcient for this primary differentiation.

Galactic nebulae are best described by the subdivisioms into which they
naturally and uﬂ?cid&bly’rall. They are (&) Planetaries and (b) Diffuse nebulae
!gﬂa latter being either luminuous or dark, Hon-gulactic uedbulae are the spirals,
spindles and small, structurless objects that crowi the regions of high galactic
latitude.

These primary classes are characterised by certain groups of eriteria,
no single vnit of which iz sufricient for precise definitions and delimidations.
Scarce]y a statenant can be made concerning an individual criterium to which
obvious exceptioms do unot exist.

Galactic nebulae tend to concentrate in low galactic latitudes while the
nen~-golzetic favor high 1at1tuda§? The conspicuous overidpping in apparent dis-
trinotion is attributed to the effect of perspective, modified by such minor group
traite as the tend ncy of the diffuse nebulse toward the inclined belt of bright
B st:arnl, and of splirals toward the hemisphere complementary to that favored by
globuler clusters}6

Stars are actually involved in or cons; icuou-ly associsted with
galzctic nebulae, while the aon-gelactic show mo relation to individual stars
exoept in the rere phenomena of no;gég;mé;ars are probably the source of luminosity
of galzctif nebulae,

# The Magellanic clouds with their nebulae of the galactiec tyre are exceptions
to this statement. ;
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and excerise a considersble influence in datermintég} their foruz. Even the

angular extent of the luminosity is a function of the magnitude of the associated
starsz. Dark nebulosity ¢s of course exceptional in these respects tut it is
probably the same sort f material as luminous diffuse nnbalesit{fis known only by
its effect cn apparenmt star distributiom., No ~gelactic nebulas show no effect
whatscever weon star distribution,

Galactlic nebulas have early type spectra while moum-gulactic nebulse have
late type speetraf’ Spectra of the former are emission, or, if countimuous or
abeorption, of the B type.l’z's’ Hydrogen, Helium and Nebulium preduce the cheracter=
istic lines., Non-gslactic netnlse rave sbsorpticn specgra of ty.es ranging from F to
K, with occasicnal em@ssion lines of Hydrogen and Nebulium as ménor features.® The

earlier typefound by Slipher for the spiral N G C 278 is & marked exceptinn.ﬁ

P

Galactic nebulosity is never granular.ngile‘honagnlaotic is often con=-
spleuously granular., Galactic nebulosity cen be descrived as wispy, filamentous, or
smooth snd cloudy. Nom-galactic nebulesity is smooth and cloudy or granular:;n the
arms of (amny spirals, The designation smooth end cloudy is re; sced in this report,
by the shorter te:m gmorpbous which is used in the geclogical sense of being un-
differentiated, and signifies that nebulosity of this tyre shows no indications of
being resolved by th: gwestest optiezl powers at present svailsble., The granular
type appesrs ss stellar or semistellar condernsation/din an smor hous matrix,

It ic extremely diffisult to diffcrentiate precésely between the character-
1s€a£ﬁ fowﬁief enlactie and nom-galesctic nabulae. Thiéfdue in a8 largs measure to the
fact that planstaries and non-galactic nmebulae both furnish strong evidence of redial
end rotational Asymmetry, in the fan@ffype of object about & star 2ni in the

* If the diffuse nebulas with contimuous spectra sre shinygé by reflected star-licht
we may expoct occasi naly to find late type absorption spectra. The case of Nessier 33

suggests th possibility that when emissiom lines are observed in non-gulactic nebulaw
spectra, they are loculized in 2 particular part or feature of the nebulae,(11)
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latter, about & non-stellar but ?1gh1y condensed nucleus., The simplest method will
be to proceced immediately to sur arize the charac cristicg groupy of features, in-
cluding forms, pertaining to each of the clusses previously mentioned. This will
eliminate a long and necessarily involved discussion on form which is of theoretical
tather than of practical importance.

The clagses commonly disting.ished are Planetaries, Diffuse and the
non-galacted objects. '
Galagtic Nebulae.

Planetaries are recognized by four characteristtasj#

a. Emission spectra of the nebulosity. i

b. Centrsl Star.

¢, Symmetrical distributi n of the nebulosity about the star.

d. Sharply defined edges.

The first is a necessary condition. The emission spoctr&ﬁ consistg
of lines due to Nebulium, Hydrogem, and Helium, with occasional faint traces of
Hitrogen amnd Cn.rbon.4 In most cases the Ny line is the strongest in the photographic

region, the usuzl intensity relation of Wy, N, and HB being 10-5-1.5'4. The conw

tinuous spectrun where presemt 2t all is extremely wsaX;‘

The normal form of the planetary is a well defined disc or a pattern
of concentric rings, not necessarily coplamar, abokt an accur: tely centercd star.
The star cannot always be d§tectod, but the data available on luminosity relations
between nebulosity and atgf?raisaa a strong presumption that the difficulty in such
cases is a mechanical one of resolving and light gathoring pawor.2 Exceptional
cages are known in which one or both of the criteria ¢ and d are lacking either
a parently or actually, and in two or three czses the data are sufficiently discordant

4

to render the classificatiomn uncertain c¢r guestionable.

#  yessier I, the Crab nebulae in Taurus is the most striking exception. FEach
condition is fulfilled but to a rather wide spproximation. A
ne Thase — an vmaaim
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In apparent distribution, the planetaries concentrate towards and
define the galaectic plane.g The ocasionzl individuals found in hich galactic late
itude are exceptionally large and hence presumably ncar, The small plenetaries are

most mumcrous in the g{q}tion of the Milky Vay between R. A, 18 and 20 hours, the

-

general directionm of the ok of the galactic system as observed from the earth,
Liffuse Nebulse

Luminous diffuse neoulae show wisps, filaments or amorphous clouds
appareatly oriented in fields of force originating in partvicular stars or groups of
stai's whiaoh are either involv.d%;r conspicuously associated with the m’luu’.kao.’k
fvidence oi rotational equilibrium,so conspicuous among many of the plantearies, is
absent from the diffuse nevulae, and redial gsymnetry, while gemerally indicated, is
less preminent than in the former class,

The spectra of diffuse nebulae are emission, continuous (or abaorption)#
or & mixture of the two, apparently depending upon the spectral types of the

associated starsl. in emission spectra the lines are much the same as in the planetaries

although Ny and Ny are weaker, Nz never being so bright as HB. The continuous or

absorption spectra so far observed are not later them the type B.

Dark diffuse nebulosity is detected by its obscuration of stars or
portiens of luminous netmlosity. Meny of the luminous diffuse nebulase fade gradually
into dark nebulosity ( Messier 20, Me:sier 42 ) and indeed can be readily considered
as local lddumination of dark chouds in the neighborhood of partiemlarly bricht stars,!
Dark nebulas may be semitransparent or emtirely epague, both types being well represente
by the lanes in Taurus. FProlonged exgeenrss ofteniudicate an.extremely feeble ~1uminnsitrl.

* (he form snd orientation appear to be due to & combinetion of attractive and repulsive
forces among which gravitiation and radiation pressure are obvieusly important. There is
considsrable evidence for the theory that the luminsoity of golasetic nebulse has its
origin in the sssociated stars.)

ZF The nature of the spectra of several diffuse athmlae is nown only from slitless
spectrograms, These furnish fai¥ly relisble data on the presence or dbsence of strong em
emission lines but cannct in general reveal the presence of sbsorptiom lines. The term
continuous as ap lied to nebul:r spectra signifies a continuous spectrum in which no
sbsorption lines have been detected although they are probably present.
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exposures often indicate an exiremely fueble luninesity and often too, the eye
st the telescope cen disting ish 8 dull greyish guality in the field of view
distinetly different from the nomal background of the sig. The "black drop”
in Sagitterius, Barnard No. 92, is an exam le. Thers is good reason for
supposing that dark diffuse nebulesity is the same sort of material as the
luminous, indeed that the latter is bat a special case of the former which
consititutes the gréat proporticn of diffuse nebulosity in the Galactic system,

In the matter of distribution alse the luminous and dark diffuse
aebulosities are similar. They congentrate along two planes,the galsctic plane
and the inelined plane of the brighter B nml.l In these respects they are
regordsd as galwtﬁ;\ objects in the same ssnse as are the B stars,

The relation between luminous and dark nedulosity is so intinmate
that & division for the pu-poses of classification is an arbitvary maétar depeading
largely upen celected standards for obvserving conditions, Some diffuse nemlae
are predouinantly lweineus and others are predeminately dork, but all stages between
these two states arve readilly found on the photographic plates. Precise mmorical
credes sre extromely difficult to estadlish and relotively unimportant for most
purposes. The simplest procedure will be to classify the 2iffuse nmebmlne as
predominantly luminous, predominantly dark or congpicuously mixed, These classes
gan them be designated for cataloguing as L for diffuse 1mn1neua,ofor Aiifuse dark
and LO for the mized xarf: 1f a precise houndary batweenL’anclO i3 desireable the
Frankl in-Adans c}uﬁ';%’"or »ottar still the original plates from ¥ ich the charts
wers made susgest themselvaes as a saltable standard for reforsnce.

111 Fonelc ¢ Ne
In general, the monm-gzalactic ncbulse have reletively bright, central,
% ope term obscure with its abreviation 0 calls attention to the festure by which

derk nebulosity is recognised, saves a repetition of letters in the cataloguing
symbol, ond satifies the requirements for an international nomenclature.
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non-stellar nuclei from which the netlosity fades away in@efinétely. The nebulosity
is symmetrically distributed with bespect both to the nucleus and to & plane through
the mucleus. The gsymmetry appears to be of the rotational type, The forms can

be represented as the projection of objects ranging from globular through various
degrees of flattening to thin discus shaped figuwes tilted at all angles to the

lime of sight, Spiral arms springing out from the central regions are conspicuous
features of amny ofﬁaisci, and it is in these arms that the granulation or con-
densation in the amorphous matrix is generally found. Local obscuration is a
general phenomenon in upiralss and is most frequently, though by no means alwsys,
found in the outer regions of the nebulae. It is occasionaly found in non-galactic
nebulae which are clearly not spirals.

The spectra of non-galactic nebulae are normally absorption spectra
ranging from late P to K?’GA very few are#ncwn to consain bright lines of Nebulium
and Hydrogen, which in one case at least, Messier 33, are localized in a particular
portion of the nebulaj 11 All emission lines recorded to date are in nebulae in which
granulation is conspicuous. The data however, is too meagrse to juatify & definite
conclusion. V. M, Slipher roports oae nebulsd with an early abuorption‘;;attlu—

NGC 2785. At present this must be considered as a remarkable exception, although
more extended observation may change accepted views.

A very few objects ( NGC 2366, 4449 etc. ) are exceptional in that
| they show no dominating nucleus, ‘symmotry of form, or evidence of rotation, yﬁt their
high galactic latitude; their late type spectra, and their granmular texture place
them unquestionably in the mnon-galactic class,

The details of distribution of nonmfigalactic nebulae are kmown only
in vague terms. Generally speaking they"avoid the milky way" and their numbers
increase with increasing galactic latitude. Reynolds however, has shown that

distribution in galactic longitudes is equally important fo® the spirals at least.
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which, sgein spesking generally, are mutually exelusive ﬁith the globular clusterl}{i
There seems no reason at present for distinguishing the spirals from other nonw
galactic nebulae regording their etribation. They aw}mwever very rarely found

in galactic latitudes less then 15° and thus, considering the hundreds of thousands

in the higher latitudes, they Justify the temm non-golactic,

The remainder of (his report will concera itself for the most part
with the further clagsification of nom-galactlc netulae. The proceeding paragraphs
a”-o thoggnt to contaln very little of a naw or controversial nature, and can de
sumsarized in aff tubular foma,

41l nebulac are divided ixd %o

I Galactic Designation
A, Flanstary P
B. Diffuse ]
1) Laminous DL
2} Obscure Do
B} Mixed DLO

I Hon~Galactic

Thls buble amounts to the classificatién wade by H. D. Curtis
with & slight reavraugensnt and & change in nmmmlature?o The nomeanclabure
mquires soue comment. Planelary snd Diffuse are torms est bl_ishec. };3; long usace,

M'L\-\AN\M“}

and are without serious rivesle, There 1s no good reason for shendin. thom., Furtherw
mora they m'eiinm'*natirzml in that cimiler terms are curremt in the astronomisal
literature of many ferelign langusges., Finally, {the initial 1atmrs)in thelr cepital
forms yaie not slrsady preempted for cataloguing prupcses,

Planetaries and Diffuse nebulaec are com:ionly spokeh of as galactic

objects in the same sense as Wolfe-Rayet, N stars, novee etc. In contrast, the other

nebulae are non-gelactic., No other eriterium of nebulae classification is move distinc-
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tive of the two classes, mor lends itself so well to & balanced nomenclature.
The terms are distineitve, concised and Balsnced, are alrsady current with
similar connotations, and are internatiomal in their roots. The terms galactic
and non-galactic do not immediate'y suggest suitable cataloguing symbols, dut
this is not a serious defect, Galactic nebulas will certalnly all be catalogued
by the subclasses as P or D and an snalogous procedure should be followed for the
non-galactic. It wil. be understood that none-galactic refers to apparent distribution
only, aud has no reference whatsoever to that highly controversial issue, the
léland universe theory of spirals,

The term "ohscure” rspwer than dark has been used as a complement to
"luminous" for practic:1l reasoms, It transfers more readily into other languages

and saves a repetition in the cataloguing symbol.

\

X

The galsctic netulae are limited in number ahd faikty well known. There
a2re about 130 planetaries and 150 luminous diffuse nebulae on record, and future
additions to these lists are expected to be unimportant, Special investigators cam
carry them all in mind and discuss them as groups without serious uncertainties
arising from incomplete data. Even the obscure diffuse nebulae, &lthough uncatalogued,
are pretty well kmown in a general way by all students of milky way structures. The
result is that farther subdivision of the galactic nebulae is not an imrddiately preesi
pressing concern., Moreover it would rcquire more detailed nowledge of the

individual objects thon we possess at present, and hence should wait upon the

special investigator who will confine his attention for the time to & single group.

The non-galactic ndbulae present an entirely differemnt sort of problem,
Hundreds of thousands of these objects are known to be within reach of existing
telescopes. They possess & few traits in common but alse meny variations., A
reasonably thorough knowledge of these variztions and, if possible, a phgsically

significient classification is the first step in the study of these nebulae 28 2
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¥o such clsssification existe at present. The result is ;!(semgion{
in the literature and widely differing interpretetions are placed upon similar

terms. Curtis' suggestiom that 211 non~gelactic rebulse are really sp 1ralsz ‘“ ;7""

e

Howevor his recognition of the § siaped or bavred spirals &z a distinet subdivisioeq
is 2 conttibvution of permement sﬁ,gmricanee.? Wolf's elessificationt®ie marely
what it claims to be, & schamg for ipig%n»hcling’data awziting further study, It
.ie too arbitary and depends too largely upom mere orievtsation to be the basis for

& siguificant olassification,

The publisbed suggestions of J. H, Heynelds are thorouzhly sound,
but they have not btoen worked into s complete and orgsnized system, ﬁew end
Kne:»—bmwwsrc the first Lo Aiscuss the zlobmlar nebulae recoznizing thot many
of those round or pesrly round nen-galactic objects, condensing sharply toward the
center, show no traces whatsosver of spiral structure. Reynolds introduced also
the term smorphous, emphasiming the unresolvable character of much of the nebulosity”
in non»galast@ﬁ\objectay’n He pointed out that in spirals the amorphous nebulosity
farors the muclear regioms while the granular type 1s largely confined to the outer
portions of the arms, and that the granular ams build up at the expense of the
amo-phous muclsi.

Followiny these lines of progress, Roynoldslia;s formalated seven
classcs of true spirals, rather cautiously excluding the so called spindles
although he considers them as undoubtedly spirals seen edgewise, The first five
classes reprosent & series with inoreasing degree of condessation in the amorphous

mMatrix of the outer arms, and the last two represent, the one a:n‘ exceptional type
in which the condesnation starss in an intermediate zone of the arms, the other,

objects in which sym etrical lines of development have not been followed at all.

This classification, although imcomplete, is well founded :nd
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very su-gestive. The criticisms ae of a minor character., For instance the first
class, spirals cénsisting entiéﬁy of :morphous nebulosity, is ruther problematic.
The two examples he names are unfortunate, NGC 2056 is not a spiral and NGC 3623
(M68) is not entirely amorphous, f£alling rather into its sixth class. Perhaps
HGC 4762 would more mearly fulfill the conditiom., Curtis% g-shaped spirals are
ignored or possibly put into the class of irregulars, although they are fairly
numerous and present a development parallel to and fully as symmetrical as the
logerithmic spirals. Finally, as he states, the wholly smorphous non-spirals,
giobular and elongated, are not inclfhed in the classification.

Jeans in him Problems of Cosmogany recognises as éeparate types
irregular, Planetaries, Rings, Spirals, and a group including nebulse termed elliptical
elongeted, lenticular and spindle, an undetermined perccutage of whick are spirals
seen nearly on cdge. This obviously is not an aivempt at & formal classification

not
end need be criticise =s such. The notveworthy feature lis that, fellewing Reymolds,

\
he does not consider 21l elengeted non-galectic nebulee ae spirals on edge, and this
conclusion foims & considerable part of the observetionsl juetificetion for his
theory of the origin of spirals.

J&aé;s 1nvestiéation however is truly theoretical-deductions from
very general assumptions—end observational data are mentioned merely to 1llustrate
the scundness of his conclusicm. Therefore the observer msy well look AEQ Jeaﬁ:l
theory for the thread of physical significsnce that shall vitalize & systum of
clessification of non-galzetic nebulae, In the scheme presently teo be proposed, a
congchons attenpt was mede to ignore the theory ani to arrange the data purely from
an observatiomal peint of view, The apalogy however was sS© suggestive that at several
points where approximately even choices were offered, there wasno hegsitation in

accepting the one favored by Jeaﬁ;s theory of spirsls.
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An scceptacle classlfication of non-galactic nebulas should satisfy
the followin, comdltions,
a} It should be hazed wpon simple laspection of yhotegraphid
Imeges, Al MWt a very few of these mebulae are toe faint for reliable
visual or speotrographic observations, The vest majority can be studied only
Ehrough the medium of photographic plates. In aédition to their range end
definitvion these platus furnish peruanent records, the intercomparison of
wploh may be expected to deveymine the criteria of classification. This
procedare reduces the possible criteria to fomm, structure and texture.
b) It should apply to 1nltrugontal powers of a reasonable ramnge.
Gince the criteria are to be found in ghotograpphic images, the scales, speed
and resolving powers of :af§§22§;§;i:f.ot the problem to a cousidersble degree.
A lower limit in bri htness and sixc,‘ann hence zn upper limit to the number
of classifigble objects, is setv by the dimensions of the instrument, the
axposure times and the plates employed. Beyond these limits all sorts of objects
appear as hagzy patches winleh praciically uefy clasgification. These difficuliies
are ivherent and unavoideble. The simpier the criteria, iowever, the greater
the usa®le range In instrumental e ui ment.

There appears 1o be & more or less generzl agreewent thut the
proper instruments for investigaticne of “ormes of nebulae are reflectors or camera
lens of apertures from sbout 20-inches up and focal ratios onlthe order of 1 to
B, FPast plates, such for instence as the Deed &0, #ﬁ:iminimun ex osures of from
one to tvo hours with these Instruments should furnisk the reassonable range conw
formable to which the criterisz should be chosen.

e} It should be 1nd6pa§dent of the%zientatian of the nebulse iun so

far as this is possible,
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Whatever the possibilties it offers for studying the relations of
splrels to the rest of the universe, of plames to the directicn of motion, of
galectic flelds of Torce, ordééntation mast be recognised as an irrelemant
accident In g0 far as it concerns simple classification. The so called spindles
in which any stra-ture hatever can be discerned are alwmost certainly spirals on

edge, and the slight [ossibility of their being sirange non~rotaticnal figures

deesnot justify the creation of a cpperete sub~division, *

; d) The sub-clueses should form @ sequence if possible,
@) The system ghoola pemit furiber divisiom without destroying the
.l balsnce of the clsssificaticn,

£} The systen sholld reduce excepticas to o minimum,

g} Ths nomenclature should be builded or roots common to several
1:ngmages and agpsble of symbolic vepriseutstioa by single Latin lettsrs or short
combinations of letters not already in general use with specific conactations,
These conditions are for the purpose of avoldlng confusion and of economical

cataloguing.

S VU

N A 2o ~m:' ﬂ«reo clongated objects are kaown which are probably neitho??""l‘
nor other fisures of rotztlon. Exmsples are NGO 5034, (M82) and NGC 4756, However

», there 1z evary reeson 10 suppose that the nwsbers ef such uebulac are neglibdle.

: - The simpless procedure le o presuse that all elongatod nebuiee whicn show any

struocture are spirels, and to admit an object sxzceptiomal only on the basis of

- strons evidsnce,

[ SRS

The situdy of pholographs ostablishes the foldowing data on the
gensral appearance of aon~-gslactic nebulas.
a) Ceatral, highly coniensed nucleii are almost invariably present.

Phe least condensed hich the writer has observed is that of
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HGC 4649y (M60) which on the ‘hortest exposures recording it on Seed 30 plates
with the 100-inch reflector, measure/about 5" of arc im dismeter, NGC 221 amd
224 (M32 snd B31) bave nuclei which are sensibly stellar, Visual observations
with the 100~inch do not show sharp stellar images, but the higher the magnification
employed, the alesgViheso maclel spproximate td the appearance of star images. No
mucleus has ever b;an obse ved as a trus star,

b} Symmetry of a rotational type with respect to the nmucleus is a
gnﬁsral eharaeteristia.#

This Qtatement is to a certain extent an extrapolation, for the
imagination must be exercised in eliminating the probable efiects of orientation and
projection. Moreover a few ohjects must be recognised as lrreguiar in this particular
and, significantly, in the absence as well of a dominating nucleus. An example is
NGC 4449, The number of these objecte is negligible and they mey be treoged as actusl
exceptions in & system of classification.

¢) Three disticet forms san ® recognised, structurless discs ¢f o
eliipses, logarithmic spir ls, end barred or § shaped spirals., This division attempts
to interprete the dlongsted nebulze shaying internsl structure as projedtions of
spirals arising from orientation, It involves the usual assumption that spirals are
normelly thin discus shaped figures. 7The structureless elliptic nebular images cannot
be freed from the effect of projecfion by cauy known simple criteria, They are termed
structureless clthough they do possess some small claim to structure in that the
luminosity fades smoothly away from the mucleus.

d) The nebulosity ¢s of two types, amorphous and granular. The temm
amorphous is to be interpreted as waresolvable with the opticzl powers available. By
indirect methods alome we can hope to determine the nature of such material whether

it consists of gas, dust, meteorites or stars. The term gramlar can be described
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as semi-stellar condensations in an amorphous matrix,

The elliptical nebulae consist entirely of amorphous nebulosity.
In the spirals, bith types of nebulosity are often found, bat, as Reymolds
has ramrhd}%%g granular favor: the outer regioms of the arms, while the
miclear regions are usually amorphous.

e) Areas ofgobscuration are characterisfie features of logarithmic
spirals, They are (tjlﬁnfton found in the barred spirals as well, but are rarely
seen in the elliptical nebulae., The phenomenmon is very probably due to actual
material, bui its significance is not well understood. In a gemeral way it
favors gramular nebulosity and the outer regions of nebulae, although it is
sometimes found about the very mucleus itself. If the course of evolution
in non-galactic /Qgimlsoity is assuwned to be frum amorphous to gramular, the
phenomena of obaﬁﬁbatian may be cerrelated with the stage of development and
be regarded as a symbol of age.

The ckiteria of c ascification must be chosed from these general
traits of the photogrephic ¥mages. The persistent feature is that of rotatiomal
symmetry about & dominating non-stellar nucleus. One group shows internal
structure of a general spiral character and another group shows no structure
save that of luminosity smoothly fading from the nucleus outward, This

imnediately suggests a first division of non-galactic nebulse inte spirals end
( @ foficoy

~elliptic nebulae. Since the latter are entirely amorphous while the former

showy more or less granulation and obscuration, there is some justification
in considering the elliptical nebulae &s representing sn earlier stage of evolu-
tion, and placing them first in the order of suhdivisioni.
ELLIPTICAL NEBULAE
This type, comprising about one third of the brighter non-galactic

nebulae, consists entirely of amorphous nebulosity. The surface brichtness of
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the projecfed images diminished smoothly from relatively bright amd condensed
nuckel to indefinite borders. To sever sl howr &g least,the linear dimensions
are = fumetion of the exposure time, In form the individual nebulae range
from round to spindle, the latter belng most slmply interpreted as thin discus
shaped Tigures projected on planes perpemdicular to the axis of rotationm.

All the figures can be represented as various stages of an originally cflobular
mass condensed toward the center, flattenins under the influence of increasing
rotation,

The actual orientation is established only in the case of the
spiniles. In other cases, the form may be the projectiomn of an ellipsoidal
figure of any eccentricity inclined at the mecessary angle to the line of
sight, There is no simple method of dééermining the two unknowns in the
individusl case, smd it is possible that they may be incapable of separation
by direct observation, The ratios of ax es of the projection :bmgo; permit
the application of statistical methods of investigation and, indeed, are the
only eriteria that caen readily be derived from photogrzphic plates.

The round or nearly round nebulae ar: clearly more numerous than
can be accounted for by random orientation of thin disei, hence the existence
of globular or nearly globular forms is probable, The suggestion is both

obvious and reasonsble that all forms from globular to thin disci ere reprosented

Jhi wma MM e dletlly v AW

in the ellipticsal nabulm.:evolution and therefore cammot well be igmored.
Since the final solution of the cmestion widl teke the form of = statistical
snalysis of the ratios of axes of the Images these date are highly desirable.
The simplest procedure weuld probably be to express the ratios
of axes by mmerical postecripts, demoting a circuler image by El. and a much

elongsted imagep by say B3, In actual practise, however, the gradations in
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figure easily distinguished by the eye or not evenly spaced in such a system. For

instance the difference between ratios 1.0 and 1.2 is about as conspicuous as that

between ratios 2.5 and 3.5.

The excentricity offers a more uniform scale for eye estimates and has
about the proper number of steps in the first significamt figure. Elliptical nebulae
have no definite borders and excentricities more accurate than ean be expressed by
one significant figure cam be obtained only by such rofined methods as microphoto-
metry. For practicel classification the simplest and most rapid method that has been
devised consists in eye comparison: of the nebular images with a series of elllpses
of excentricities 0.0, 0.2, 0.4, 0.6 and 0.8, sketched woughly on coordinate paper.
The accuracy is fully as great as that of any ordinary method of measurement. For
cataloguing purposes the decimal can be neglected and the excentricities can be
expressed by single digits, Thus Bo would desiginate a circlar disc and E8 & very
much elongated image.

SPIRAL NEBULAE
In genersl, all those non-galactic nebulae are spirals in which internal

structure can be seen other than a steady decreased in luminosity away from the

# A
Lo

nucleus, There are two exceptions ém this statement., In a very few of the elliptical
nebulae small patches of obscuration are outlined against the amorphous nebulosity
nesr the nucleus. An example is NGC 205. A few nom-galactic nebulae, sbout 3 % of
the several hundred exsmined by the writer, are quite irregular ani form exceptiohs
in any simple system of classification. BExamples are NGC 2366, and 4449,
A few of these objects will doubtless be included among the spirals, since all edge~
on nebulae showing structure are presumed to be spirals until proven otherwise, but
the number will be negligible. Likewise a number of faint spirals with relatively
bright amorphous nuclear regions will doubtless be 1n'§cl$léed smong the elliptical

nebulae, This will b serious only when near the limits of classification set by the
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instrumental powers employed.

The various class s of spirals are provisionslly estimated to include
about 60% of the brighter non-galactic nebulae., Difficulties arising from orientation
are eliminated by the assumption, commonly accepted, that all spirals are thim disci,
at least that the arms determine &L plane, The form obviously involves rotational
symretry about & more or less comspicuous nucleus, Granular texture and local
obscuration are frequently found, especcially in the outer regioms.

Two extreme types are conspicuous. The one has a relatively large
Mt of smorphous nebulosity immediately zbout a bright condensed nucleus. Fram
this central region spring closely coiled spiral amm in which are little or mewe no
gramalation. On very short exposures, the nuclear region alone is seen, rather
similar to the elliptical nebulae both in form and luminosity distributiomn. The other
type has a fointer slmost stellar nucleus surrounded by very little amorphous
nebulsoity . The sﬁiml arms approach much closer to the nucleus, are more open ~
uawound as it were— and are comspicuously gramulated. Examples are NGC 4594 for the
former and NGC 5457 (M101) for the latter. The gep between the two extreme forms is
well filled and a series is readily constructed in which the gramular spirsl arms
seemingly grow at the expense of the smorphous nuclear region, unwinding as they
EXOW,

Carrying the series from the sacondj;tage toward the first, the increasingly
anorphous central region and the diminishing relative émportance of the spiral arms 10g-§
ically lead to the thim discus shaped and wholly smorphous elliptical nebulae. Likewise
assuming the existaice of the series among the elliptical nebulae ranging from globular
to discus shapss, an exirapolation, made easy by Jean's theoreticsl discussions, leads
to the first form of the ;piral. There is thus some grounds for using the terms early

type and late type spirals and considering the elliptical nebulae and spirals as a

single evolutlinal seguence,
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In the great major-ity of spirals, the atmsr start from the outer
portion of an ellipsoidaly amorphous central regiom, and wind outward in the
form of equiangular logarithmic spirals. Most of the well known objects, such
for instance as Messier 31, 51, 81, and 101 ae of this type. There is a
relatively small group, however, that assumes a different characteristic forg.
The arms probably follow the legarithmic spiral. but they spring abruptly from

the extremeties of a bar of nebulnity\ diamatrically across the nucleus. This

type has been described by Curtis and named by him the @ ty e spiral, Messier

95 is an example. "Its main characteristic" to quote curtisz (is a2 bend of matter
extending diametrically across the nucleus and imner parts of the spiral.
m\éuantly the whorls in this type appear to bezin at the ends of this cross amm.
The general appearance is that of the Greek letter § and I have termed such
objects f-type spirals for lack of a better name.” He lists 23 examples out of
some 513 non-galactdd cbjects. In every case ex:mined by the writee, the arms
begin at the ends of the cross bar and hence the appearance suggests the Greek
letter @ rather than § . This distinction has some significance, for it is much
more difficult to imagine physical causes of suohinature as would produce the §
shape with the bar extending beyond the arms than to account for the © shape.
However the interests of economical printing urge abandoning altogether the use
of Greek letters for cataloguing symbols, and suggest some equivalent designation
in Latin seript. "Barred Sprizls" might serve the purpose.

This type once formed appears to develop in a2 manner analogous to
that of the logarithmic spirals, The early members are composed entirely of
amorphous nebulosity. Their appearance, especially on short exposures,
approxlmtaiw a ring, or series of rings, concentric to a strong condensed nucleus

with the relatively bright bar rumning across the full diameter of the imner ring

Greater resclving power and longer exposures estsblish the rings as close spirals
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aff%arphoul nebulosity springing from the ends of the bars, These objects are
found tilted at all angles to the line of sight., VWhen seen on the edge or
nearly so, they present a rather curious pattern of an elongated nebula w&th

& bright nucleus and a short bright minor axis perpendicular te, or at large
angles to, the elongation, A series in order of imcreasing tilt is furnished
by NGC 2384, 1023, 4754 and 2659,

NGC 3251 (M95) presents an advanced stage in the development with
the spirdl arms "unwinding” and grenulstion beginning to a pear in the cuter
regions. The last stages of the series are pepresented by the S-shaped spirals
such as NGC 7479 and 3167. In these the granulation has rcached the nucleus and
the greater part of the arms has faded away., The S shape is fcrmed by the bar
&nd the beginnings of the spirel arms, Reynolds was the first to call attemtion

to the close relation between the barred and the S-shaped spiraln.B

The observetional evidence is very strong for parazllel lines of
devclopment among the various types of spirdks., There is‘ clearly & progression
from amorphous to gramulsr tyce of nebulosity, with the unwinding of the spiral
armsj clearly too, the arms build up at the expense of the amorphous nucleaw
regions, Both of these fucts are rcadily explained in the assumption that spirals

elliptical s
develop out of amorphous}\nebulu. and q}zld furnish criteria for subdividing the
spirals into stages of develo ment. The ppogression during the spiral spage
however is not sc¢ smooth and uniform as to permit the ready classification into
matually exclusive groups. Unknown factors, suol!i{ppssibly as mass, internal
composition and extcrnal forces, seem to‘ cause cc;ntmerabla varédtion from the
no:-fal progression of evolution. Reynolds’,ﬂ for instance, has recognised a

small but striking group of spirals in which the arms are well developed but the

granulation appears near the nucleus instead of the edge, and seems to be
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accompanied by considerable obscuration. Examples are NGC 4736 (M94) and
4826 (Eﬁ&)f

Agsin, NGC 3021 (M81) has a large proportion of amorphous nebulesity
in the nuclear regiom, but its amms are thin, rather open snd coarsely gramlated.
NGC 224 (M31) on the contrary, with a relatively small propertions of its material

in the mmorphcus nuclear regien,;u thick, closely woven arms Mhloh the
granulation is very fime., It is difficult, if not impossible, to decide which of
. these objects represents the latter stage of development.

Fumerous c@n}er péints of a similar nature could doubtless be cited by every
investigator, but those mentioned demomstrate that our present state of knowledge
je insuffigient for mimutely subdividing the spirals into significant stages of
development.

However, the distinction between early and late, roughly between
emorphous and gremlsr, is too consplcuous to be entirely dis regarded. For the
present, it seems sufficient to recognise the distinctiom and to cover khe gap
b 2 middle class., The three groups, temmed vaguely, e:rly, middle and late,
e-uld be represented by arbitrary postscripts a, b, and ¢ to the spiral symbols

which would serve to describe catalogued spirals very concisely emd to a fair

approximation,

The photographic features of non-galactic nebulae can be fairly
represented end catalogued by a classification, the main lines of which are as
follows.

HGC 4826 (M64) 4s on interesting nebula with en elusive identity. Reynolds, in

commenting upon its structure, calls it NGC 4206 (MNv.80 p.753) and refers to
Jeans (Problems of Cosmogony p. 215) who czlls it NGC 4528.



HOBw=GALACTIC NERBULAR SYMBOL
A. Ellipticsl Nebulse )
These wholly smorphous and structureless
objects are %o ¥eo Turther descrived by numerical B
postseripts expressing the excentricities of figure.
B. Spiral Nelulse S
1. Logerithmic Spirals 3
Includes the great majority of spirals

end hence can be tormed the normel

gpiral,
2, Berly Sa
b, Middle Sb
¢. Late Se

2. Barred Sprikls

A small but distinctive sub-group of spirals BSB
a. Barly SBa
b.Middle 5BD
¢. Late (khe S shaped spiralsy SBe

8. Irrvegular Hebulae I

This ineludes the very few exceptional
non-galactic nsbulse which cammot be classified

either us eliiptical or spiral.

“Elliptical™ is chosen as deseribing the upproximate form of the

photographic imuges of wholly amorphous nebulaze with no structure excepting a

decreasing brightuness from the nuclei outward, The term is an arbitrary
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compromise end open to some objectioms It is short, however, and the correspond-
ing symbaliis not $oo widely used in curvent classificaticns., The numerical
postseript describes the eliipse end supplies data for statistical analysis,

"Spiral” lc co generally used and so appropriste that no discussion
is necessary. 7The symbol £ is clready used foz:ismall class of stellar spectrs
but the dangers of confusion in these cases are 100 slight to warrent the
substitution of zu arbitrary, meanisgless symbol for the spirals.

"hogaritimic” and "Barred" are descriptive, and direct attention
te the most conspicuocus features of esch group, They are anol balanced, for the
former describes the shape of the arms which is probably the same sort of
mathematlcal curve in doth groups, and the 2atter emphasizes the points of orizin
of the arms which aredifferent in tvhe two groups.

The procedure is pernaps Justiflable on the grounds that the barro%;,
gpirales form & relatively smallesub-group of the goner:l claese of logarithmic
gpirsls, differventiated chiefly by the unique points of the origin of the arms,
This slate ef affairs is more clearly represeuted by the symbols., Thus § signifies
spirels in general which are also logarithmic spirals, while SB signifies the sube
group of logarithmic spirals which are distinguished by the fact that their arms
spring from the ends of & Gimmetrical btar across the nucleus,

The terms early, middle and late are compromises and suggest as an

hypothesis a theory that is perhaps controversial, Therscfore they are approp-
riately represented by the arbritary symbols a, b, and ¢. The sequence which ¢
clearly exists cannot be accurately described as progressing uniformly from
snorphous to granular nebulosity ror from clesely coiled to open arms, It is &
Q;xt’.r;(‘.r\

combination of these two roughly parallel vourses, judged from the general

+

appearance of the nebuls as a whéle, that % best determines !ﬁa&position in the
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sequence.

®Irregular” calls particular attention to the lack of rotatioma!
symretry,the chief obstacle to the normal classification of these objects., The
term has often been applied tev'-difﬂruio“xl;é;@lmtic nebulae, and is thus open to

; g § Qs pd /\“
.. ; , be L some objection. The BAtter usage, however, has not been universally adopted and

: é},ﬁ - indeed has been steadily replaced in the literature by the term diffuse. Moreover,
| the term “"irregular" has been frequently used to denote the class to which it is
hpro applied, and no other term has been widely employed for this class.

The letter p, denoting peculiar, is unfortunately necessary to most
classifications of natural objects. It is added to the symbol exbrasaing the class
which contains the genmeral features, and salls atiention to some particular variation
which is not common enough to justify a separate subdivision.

The complete scheme of nebular classification is as follows.

Symbol Examples
I Galactic Nebulae
4. Planetaries P 7662, 3587 (M97)
Tncgnlev B. Diffuse XY D
ot o bl
L 1. Iuminous DL 6618 (M17)
A’ “:,zg{s: W o 2. Obscure DO Barnard 92.
/ 3. Mixed DLO 7023
ol 2l 7 \II Non-Galactic
: i# A. Blliptical En 3579 Eo
f e j” n= Excentricity 4821 (M32) B2
et , "* ‘ 4621 (159) ”
3115 B?
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a b A w ./ o
1. Logarithmic :f'f aM S
fx” Ave § &, Barly Sa 4594
. " ,Zf alutonal ,
ZLM  gon £t [fm b. Middle Sb £841
Sg}:ﬂ fz G j
o 9 c. Late A Se 5457 (u101)
Z, Barred Spirals SB
; " 8. Early SBa 4754
e BETY b. Middle SBb 3351 (M95)
¢, Late SBe 7479
c. Irrogular I 2366, 4449
oy . ¢ -

Hote: Non—galactic nebulae so small and faint that they cannot be classified
with the instrumental equipment employed, are to be designated by the

Symbol Q. This procedure will be discussed in the following paragraphs,

No separate symbol is necessary for Gadactic nebulae as a group. Each
object can be catalogued as P or as D. The half domen or so which present any
considerable uncertainty cen be indicated as peculiar in the usual mammer., Or
if one does not wish to choose between P and D, these symbols can be emb;ﬁe& inte
FD which very clearly 1ndieate§/tha uncertainty im the classification of a definitel

nebulal
galactic ne‘bnl*. The nova Aquila}\un the present ome abouf Nova Perut' may be
termed va. vihile the temporary nebtulosity about the latter, now completely faded
out, wuld have been called Dp. NGC 1952 (Ml), 2359 and 7635 could probably be
termed either Pp or Dp, although the former classification is preferable because all
of the characgeristic features of the planetaries are approximated., The great loop
in Cygnus of vhich NGC 6960 and 6992 are diametrically opposite arcs, may be called
Dp for the present, zlthough this character is by no means defin.itely established.
The R Aquaril nebdlosity is truly gelactic in its nature. Its spectrum, definite

form and galactic latitude sug est the temporary designatiom as Pp. No other

difficult case has come to the writer's attention.
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Nen-galactic nebulae require & group symbol because many thousand of
them are knmown to exist vhich are entirely beyond the limite of classification
for smy instrurent:l powers at present available. These objects appear as small
blurs on the photograghic plate, merging into the faintest star images ad the
limits of resolution. Max Wolf employed a most appropriate term when he called
them "Nebelflecken". Large numbers will appear in catalogues of nebulae and the
only physicel fact known concerninsz them will be that they are non-galactic. -
S The interests of sconomical printing suggests that this‘fact be
designated by a single symbol rather than a combination such as ES or ESI.

The term non-galactic doem not lend itself to 2 convenient
initial. Both N and G have too many present usages, ani there is no reason for
choosing any other particular lsetter in the temm. The selection must therefore
be more or less arbitrary. About the onlE. guiding principle involved is, thsat
letters in gemeral use for othsr purposes should be avoided., The lettédr Q
suggests itself as a convenient symbol, at least it comnotes the guestionable
nature of the objects to which it would be applied. Upper limits of angular
gize =znd brightness for the Q nebulae ;111 naturally vary with the inst umental
powers employed, and doubtless with the comservativeness of the observer,

The proposed system of classification has been actuaily tested by
ap lying it to some two hundred non-galactic nebulae which have been photographed
at Mt. Wilson and also to a list of about four hundred non-gdlactic objects
ineluding the Mt. Wilson photographs, photographic reproductions from other
institutions and published descriptions of nebulae from photographs. The data
are not homogeneous but the results may indicate the general order of distribution

to be expected.
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My, Wilson All
4% 31 %
41 56
15 10.5
3 2.5

The distridution of eccentricities méong 126 elliptical nebulae is as

follows:

g &

& B

E8

14

12

These results are obviously dif erent from these to be expected from

op assumption that elliptical nebulse are all discus shaped figures tilted

at random to the line of sight.
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