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ABSTRACT

   The galaxies whose internal motions have hitherto been observed are about seventy
in total, but among them those in which deviations from the circular motions at least in

a local reglon, amount to about forty. The observed data are compiied and a preliminary

classification is made according to the region where some non-circular motion appears.

   Statistical correlations between the type of velocity field and other properties of

ga}axies are given with some inference on the origin of non-circular motion. Namely
it is found that the radio luminosity and the nuclear brightness of galaxy have positive

correlations with occurence of the non-ciycu]ar motion, whereas no such correlation is
ascertained for the total mass of galaxy and the mass of neutral hydrogen.

1. Introduction.

    Non-circular velocity fields have been disclosed in many galaxies in the latest
decade through the efforts for determining the rotation curves and masses ofgalaxies

both in optical and 21-cm observations.*
    We have now more than seventy galaxies for which the veiocity fields have been
observed in any degree of importance. Among these about forty galaxies exhibit
appreciable deviation from reguiar circular motion. While the selection effect in
observation has to be taken iRto account, the number forty among seventy would
not be small as the fraction ofgalaxies having non-circular motion in any regions of
galaxies. Moreover, it is notab}e that the velocity fie!ds in these galaxies are in full

ofvariety in its appearance. At a glance these evidences lead us to suppose that
the origin efnon-circular motion may be dispersed; some one reflects the effect of
activity occured in the celltral region, while others reflect the external origin, and so

on. Actually, however, it is as yet quite indecisive whether the origin is true}y
dispersed or there are some principal origins res' ponsible for the high fraction of

* The survey of literature was concluded at December, 1968.
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occurence and for its large variety.
    The purpose ofthe present study is to investigate this problem from the statistical

point ofview. The observed data on the velocity field are compiled in the Appendix
(Table A) from the references which are publisked mainly in the latest ten years.
In Section 2 we give, for the galxies of Table A, a preliminary classification of the

type of ve}ocity field, paying our attention principaily on the domain in whlch the
non-circular motion occurs, and, subsequently, on the form ofveiocity field. Statisti-
cal correlations between the type of velocity field and other properties of galaxies
will be dellvered in Section 3. Some inference on the origin ofnon-circular motion
will be obtained from the inspection of these statistica} properties. Discussions will

be given in the last section.

2. Preliminary Classification of Velocity Field.

    When we cons!der the velocity fields in galaxies, we must bear in mind that it
is principally the gas component of galaxies that participates to the non-circular
motion and that the stel}ar component scarcely exhibits peculiar motion even in
galaxies with vioient activity such as M82. Moreover, it is faialy iikely that the gas
component in the central region is anyhow connected with the structure of nuc}ear
region whi}e the gas component in the outer region forms a part of the disk component
of the galaxy. The dlfferent behaviour of ionized gases in both regions has been
noticed in the emission spectra by Burbidge and Burbidge (l962) and Itoh and
Kogure (1967). Concern2ng the orig!n of non-circular motion it is important as
wel] to see lf any difference of velocity field appears or not in different parts of the

galaxy. Starting from this problem, we classify the velocity fields principally ac-
cording to the domain in wh!ch the non-circu}ar motion appears. The basic types
of velocity fie}d are as follows:

    Type I. Non-circu}ar motion in the central region of galaxy.
    Type II. Peculiar ve!ocity field in the outer region of galaxy.
    Type III. Unusual rotation of the whole galaxy.
    Type IV. Regular circiklar motion.

Each type is also divided into several sub-types according to the form ofnon-circular
motion such as explosive motion, asymmetry ofrotation curve and so on. In this
way, the preliminary classification is made for the galaxies of Table A (in the Ap-
pendix)and is given in Tab}e i. The galaxies are arranged in the three groups ofE
galaxies, S and Ir galaxies, and SB ones. rl"his is by the reason that E galaxies are
distinguished from others in showing no appreciable rotation in their normal state
and SB galaxies often revea} the special types ofgas stream in the central bars. In
classifying the Types I and II, the boundary of the ceRtral and outer regions is
suitably taken here in the range of 1 .v2 Kpc. Although the boundary is not always
so definitive, the classification has been made without diMculty except for severa}

cases.

3. Statistical Relations.

    In this section we prepare some statistical relations between the type ofvelocity
field and the properties of galaxies. The data of the latter are compiled from the
respective sources and are given in Table 2, i4rhich consists of the following contents :

Column 1. NGC nurnber.
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Type of velocity field
l Galaxy (NGC number)

E S,Ir SB
I Non-circular motion in the central region

 (a) Central exp!osion

 <b) Jet-like motion

 (c) Infall motion

 (d) Irregular motion iR the central region

 (e> Gas stream along the central bar

[

4486

4486

5l28

II Peculiay velocity field in the outer region

  (a> Asymmetry of rotation curve

  (b) LocaHrregular motioR
       (hump, dip, pecu}iar motion of HII clouds)

 (c) Irregular velocity field

 (d) Large dispersion in the rotation curve

      () Å}50km/s)

 1068
 3034
 7469

 i275
3C305
 2146
  253
 3556
 4258
 5194
 7237

  925
 1084
 2146
 4490(?)
 5248
 6181

  925 - l808
 2903
 3310
 S623
 4736

 S646 613
 S03819
 4656(?)

 seos
 7331

  5wwt

1097
l365

4027
4631
7479
774i
5383(?)

tttttttttt ttttttttttttttttttttttttttttt

III Unusual rotation of the whole galaxy

  (a) No sign of rotation in S and Ir galaxies

  (b) Rapid yotation of E galaxies

  (c) Rotation of nucleus in E galaxies

  <d> Spinning wherls arround the main body
   (e) Two gas components rotating separately

   (f) Center of rotation not coinciding with the
        nucleus of the galaxy

-'i''m

4621
4697

 221
4278

IC1613

  2685

  2782

  3310

IV Regular circular motion
  <a) E galaxy with no rotation

  <b) S, SB & I.r galaxies with regular rotation

3379

157(O)
300(R)
598(O+R)
628(R)
681(O)
972(O)

 672(R)
3359(R)
3504(O)
764e<R)?
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Type of velocity field
E
I Galaxy <NGC number)

E S,Ir SB

' i316<O)
        1569(R),
, 1792(O)l 2403(R)i 3031(O)I 3109(R)
• 23?4[iilj
l 42S6(R)l 4244<R)l 4449<R), 4826(O)l' g,Og98,ÅÄR>
i 6822(R>' 6946(R)li ,.LC,;2[ftl

Column 2. Hubble's morphological type.
Column 3. Type of velocity field given in Table 1.
Column 4. iMgai, the absolute magnitude of the whole galaxy.
Co}umn 5. Mnuci, the absolute magnitude of the nucleus according to Vorons-
   sov-Velyaminov (1966). The symbols in the parenthese indicate the following
   structural formation in the central regien of galaxies:
  L-the lens, a fairly thick structure with a gradual brightening toward the

     center.
  B-the bulge, lil<e a }ens but with a greate}" sphericity and a more rapid
     decline in brightness toward the periphery.
  N-the nucleus, like abulge but being considerably smaller in size, eveR of
     stellar appearance.
Column 6. P, the intrinsic radio power in units o'f IO!9 X,V Hzfii str-i at 1415
   MNz obtained at the Nangay Radio Observatory (Beaujardibre et al, 1968).
Column 7. L, the radio lum!nosity in units ofI038 erg smi emitted in the radio-
   frequency region (IO-10` MHz). The values are those compiled by Aizu
   et al (l964).
Column 8. EIJI!Mt@ the total mass of galaxy derived by the authors of spectrosco-

   pic observation in Table A.
Co}umn 9. EMHi/EM@, the mass ofneutra} hydrogen derived by Epstein (l966) or
   by Whiteoak (1967 RRW'67rk• ).
Column 10. the atlas number in the Atlas of Pecullar Galaxies byArp (1966).
   This number also serves for the classification in morphological pecujiarity
   of galaxies.
Column ll. membership in the system of galaxies. Fo}Iowing abbreviations
   are used:
  H-Holmberg number of Double and Multip}e Galaxies (Holmberg 1937).
  P-Pair galaxy noted in the Reference Catalogue of G. anC ,A. de Vaucouleurs
     (1964) with the additienal foliowing subclassification,

     P(a)==non-interacting pair
     P(b)==interacting pair
     P(c)=colliding or strongly interacting pa2r
  L.G.-the Local Group ofgalaxies.
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              Fig. 3. Type of Velocity Field and Intrinsic Radio Power.

    Statistical relations between the type of velocity fieid aRd the other properties
in lrable 2 are illustrated in Figures i-5.
    Figure 1 gives the relation to the absolute magnitude of whoie galaxy. The
average value of Mgai for each type is as follows:

                     F!-19.5 fbr Type l galaxies
                     i -I9.0           <Mgai>=:/t-i7.o fg;TTY,Pe,ii,,

                     ix-17.7 for Type lV.

These values are also marked by the arrows in Figure 1.
    Figure 2 yields the relation to the absolute magnitude ofnucleus. The average
value of Mn.ci for each type is given as
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In caiculating these averages, attention is drawn for the nuclear formation of
Vorontsov-Ve}yaminov's designation. Namely, we give the weight 2 for N-type
nuclei whi}e the weight unity for tke others. This is because we have supposed that
the N-type of nuclei mostly concerns with the violent activity occuring in the nuc!ei.
    The relation in Figure 3 indicates the intrinsic radio power for every type of
velocity fie}d. The shaded marks denote the values of P by Nangay group ex-
pressed in units of lO'g W HzHi str-i at i415 MHz and the unshaded marks are those
transforrned from the values ofL ofAizu et al. The average value for each type
is as follows:

          <iogp>...(?I4s6e fifoOr, TTyYpPeeli gaiaxies

                     kl.65 for Type lll
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Fig. 5. [Vype of Velocity Field and Mass of Neutra! Hydrogen.

and
          <iogp>--(6M7 Xl:gXN.G.C,iSi,2ig.L\.C,iU,d,ed

for galaxies of Type IV. The two values of <log P> for the latter galaxies are
dependent on the inclusion of NGC 1316. It is to be noticed that NGC 1316 has
a high possibility to be classified as Type I. That is, NGC 1316 is a strong radio
source (For A) whose radio power is two orders of magnitude higher thaR any other
galaxies of Type IV. Other galaxies with strong radio sources usually exhibit the
velocity field of Type I. Moreover, the observation of the velocity field in NGC
l316 is of poor quality (weight l.5 in Table A). Particularly we have little in-ny
formation on the structure ofits nuc}eus. In this way the value of <log P>=:O.84
may be more preferable for the galaxies of Type IV.
    Figure 4 yields the relation to the total mass ofgalaxies, the average values being
as fo llows :

                         rlO.46 for Type l galaxies
          <iogEmiEm@>-llglSg f,giTyggll,

                         kle.50 for Type lV.
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    In Figure 5 we give the relation to the total mass of neutral hydrogelt. The
average values are

                           ,9.2 fbr Typel .cralaxies
           <i.,DnHi/s)n@>-'gun; ,f:•iff•llg,gi,ij

    The relation to the morphoiogical peculiarities ls given in Table 3 for galaxies
which are founcl simultaneoasiv in Table A and in the Atlas of Peculiar G-alaxies
                           /by Arp (I966). rhe classification iR column l and the atlas number !n the second
column are due to Arp and the type ofvelocity field in coluinn 3 is that of ours.
The NGC numbers are given in the last col'amn.
    Finally the relation to the membership in the system of galaxies•is summarized
in Table 4 from the data ofT. able 2. The galaxies are arranged by the NGC number
in every type ofvelocity field. The galaxies in b. racket in the multiple system, P(a)
"vP(c), are those whose membershil) is not given in the de Vaucouleurs' catalogue
but confirmed by other reference sources. For these galaxies the subclass, a, b
or c, is suitably estimated here.

4. Discussions.

    In our preliminary classification
          )

the velocitv
     '

fields in galaxies are primariiy

Table 3. Relation with morphological peculiarity

Morphological peculiarity by Arp.

Classification
   l N6' . or """'              I.. ..l Arp's Atlas :,

Type of
Velocity
Field

l

NGC

Spiral Galaxies

   One heavy arlll

   aompanions on arm
      Low surface-brightness comps.
      Small, high surface-br, comps.

      Large, high surface-br. comps.

Galaxies

   With jets
   Disturbed with interior absorption

Diffuse counter tails

Irregularities, absorption and

Adjacent leeps

Appearance of fission

Double Galaxies

   Connected arms
   Infall and attraction

(Peculiar form with

Internal explosion

whorls)

resolution

I

gz

zg
152

153
154

168

210

215
217

244
269

269

281
298

SS6

337

I

IV(b)
IV(b)

I(a)

I(d)

I(d)

  I<b)
  I(c)
  IV<b>
  III<c)

  IV(b)
  III(e>
II(b)IIII(f>

  II<c)
  II(a>

II(a)

I(e>
I(a)

III(d)

I(a)

l

:
l

I

54•57

6946

le68

I097

5194

4486(Vir A)

5128(Cen A)
1316(For A)

 221

1569

2782
3310

4038/9
4490

4490

4631
7469

2685

3034(M82)
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divided into four types (Types I to IV) according to the dornain in which non-
circular motion occurs. Although each of the type is also classified into several
sub-types due to the form of motion, we shall confine ourselves in this paper to the
consideration ofprimary types, for the latter subtypes are so much dispersed and
their orlgins seem also dispersing.
    In the preceding section, some statistical properties are prepared on the primary
types of the veiocity fields. It is ofcourse to be mentioned that these materials are
Rot fully appropriate for detailed statistics, since they are strongly affected by the
selection effect in observation and the homogeneity of materlal is lacking as weli,
as seen in the Iarge variety ofweight in Table A. Nevertheless, some infereRce on

Table 4. Relation with rnembership of the system of galaxies.

1 Type of velocity field

I II

P(c>
I 403819

4656 ?

III IV

l

P(b)

2146
4631
5194

(7237)

2146
4490

1

' 2782
4697

1

I 672

P(a)

(le97)
4027

<4258)
5383
7469

3623
S646

(7331)

l  221
4278

: I316
(3379)
3504

(4236)

Group of

Galaxies

 55
 253
1068
3034

 925
4736

l

IC1613 l

l
 300
 598
1569
2403
3031
4214
4449
5055
5457
6822
6946?
IC 10
IC 2574

Cluster of
   Galaxies

l
1275
l365
4486

l I
462I

I
I

Field

 Galaxy

i
8556
5128
7479
774•1

:
I

 613
1084
1808
3310
2685
3310
seos
5248
6181

I I

i

 157
 628
 681
 972
1792
3109
3359
3521
4244
4826
7640

Note: P(a)
P(b)
P<c)

non-lnteractmg palr.
Interactlng palr.
colliding or strongly interacting pair.
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the origin of velocity fields may be drawn from the foliowing discussions.
    Let us first enumerate the possible origins ofnon-circuiar motion in a gaiaxy:
    (A) Interior origin A-1. Activity in the nucleus
                        A-2. Instability in the disk
                        A-3. Effect of galaxy formation
    (B) Exterior origiR B-1. Interaction with nearby galaxies
                         B-2. Interaction with intergaiactic medium
The contents ofeach term are obviously very arnbiguous and we shail use these terms
oniy in the following })road sense: origin A-1 ind!cates the effect of any explosive
phenomena in the nucleus, origin A-2 is related to certain effect of gravitational,
thermal, or other dynamical instabilities occuring in the outer thin gas layer, while
origin A-3 is responsible for young galaxies by some effect of turbulence or inhomo-
geneous gravitational contraction surviving from the period of galaxy formation.
Among the cases of exterior origins, origin B-1 implies some interaction with nearby
galaxies in the form of tidal effect or in the collision of galaxies, whereas origin B-2

is an effect ofinterg'alactic medium which gives rise to some disturbance on the
disk matter after failing into the .cralaxy.

    (i) Ifthe non-circuiar motions are ofinterior origin, some correiation must ap-
pear between the non-circular velocity field and the properties of galaxies such as
shown in Tabie 2. The relations are illustrated in Figures } to 5, among which
Figure l (Mgai) and Figure 4 (E"Zlsw?e) concern with the whole structure of galaxies.
Figuye l shows that the gaiaxies of Types I and II are somewhat brighter than the
galaxies of Type IV, but such a tendency can not be found in Figure 4. This
discrepancy may be explained if we suppose that the non-circu]ar velocity field is
essentialiy independent of the whoie structure of galaxies and that the tendency in
Figure 1 could be attributed to the brightness of nuclear regions of galaxies.
    (2) The above supposition is confirmed frorn the inspection of Figure 2 (Mnuci)
and Figure 3 (P), both ofwhich may be taken as indicators ofactivity in the nuclei.
When compared with galaxies of regular field (Type IV), galaxies of Types I and
II reveal the definite elevation of Ievels in the brightness of nuclei and in the radio

power. Particularly one may notice that the radio power is highest in the Type I
galaxies and is followed by Type II and Type III galaxies. Ifwe suppose that the
radio power is a true indicator of nuclear aetivity and moreover it reaches its
rnaximum at some early stage fo}Iowed by gradual decline, then Figure 3 suggests
that when the radio pox4rer is hi,gh the non-circular motions are confined in the central

regions of galaxies and when its power is weal<ened the peculiar motions spread into
the outer regions of gaiaxies, and finally in the weakest stage of radio power, non-
circular motions disappear. This tendency is not so clear in the brightness ofnuclei,
this is partly owing to unresolved components ofstars and thermai or non-thermal

gases.
    (3) The neutral hydrogen mass !n galaxies shows no reliable re}ation with the
type of velocity field as shown in Figure 5. This !nfers that the velocity fieid is
independent ofthe amount ofgas component and ofany instabilities in the category
of A-2.
    (4) The relation between the velocity field and the Arp's morphological
pecuiiarity is shown in Table 3. Although the Rumber ofga}axies in Table 3 is not
enough to make the statistics, one may state that the galaxies with morphological
peculiarity in any form have high fraction to be classified as Type I to III. Par-
ticularly, when morphological peculiarities appear in the central region of galaxies,
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e..cr., NTos. I52, I53, 281, 298, and 337 in .Arp's Atlas, those galaxies are prevalently
classified as Type I.
    (5) In order to see if there ls any possibility of exterior origins, one may refer
the relationship in Tal)Ie 4, where the galaxies in every type of velocity field are
arranged in the order ofsuspected sÅírength oflnteraction with nearby ga}axies. As
properly expected, the Type II galaxies may be mostly concerned with the exterior
origins, particularly, when the galaxies compose a system of strong interaction as
P(c) in Table 4. The relation in Table 4 is not inconsistent with this expectation,
since the two galaxies showing strong interaction belong to Type II. However,
the evidence that a large fraction of Type II galaxies are fie}d galaxies mal<es th2s
possibility to be inconclusive. As for the galaxies of other types of ve}ocity field
Table 4 reveals no appreciable tenclency suggesting external origins of pecu}iar
velocity field. In this way one may state that the external effects are restricted if
exist only in some special ccases of Type II galaxies.
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APPENDIX
    17he data on the velocity field in galaxies are compilecl in Table A, the content

of each column is as fo!lows:
  Co}umn 1. NGC number
  Column 2. Hubble's morphological type.
  Column 3. Short description on the main feature of velocity fieid.
  Column 4. Weight ofobservation in optical (O) and 21-cm (R) regions.
  Column 5. lrype o{' velocity field due to the present classification(see Tablel).
  Column 6. References on optical (O) and 21-cm (R) observation. rÅíhe short
     descriptions of velocity field in column 3 are those summarized from the re-
     ferences in column 6.

    It is to be mentioned that the velocity fields in galaxies have not so far beeR the

first subject of observation except several cases. rl"his imp}ies that the quality of
information on this sub.iect differs a great deal in every reference. In the compila-
tion ofdata we have tal<en into account this qualification in the form ofweight given
in column 4. This weight, ranging fromO to about }O ln optical (O) and 21-cm
(R) observations, respectively, is suitably estimated by mal<ing use of the number of
positioR angles and slit }ength in spectroscopic observation, or of the distribution of
observed points in the case of21-"cm observation. For example, ivv'lien spectroscopic
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 TableA. )N4[ain

VELOCI EiY FIELDS IN GALAXIES

Features of Velocity be'ield in Galaxies.

l97

ATGiC

i
I{ubble
 type

i

Weight
O+R

       velocitx..fie}d. . .

Main feature       gClass Reference

Bs

     ,s

ll'

    b    s

cBs1cs

Z ,

bBs

psrorrI

55

 M,,IS (

bl .3g (

316

ii

:gz 1

48ol

79ol

5721

.sg-6 l

      I
      [
      I•

,, h,.o I

      l
2+O.5

.5+O.5

O+2

8+4

5ÅÄO

OÅÄ2. 5.

Q -t- 2

3+O

5+4

4+O

10+O

4"O

2"O.5

9+O

 ?ossible velocity dispersion of ionized gas in l

 the central region(sYft:O.5Kpc), and regular
 rotation of HI gas.

 Regular rotation. Linear part of the rotation
 curve is somewhat longer than the usual.
 Rotation of nucleus <slOpc). Insignificant i.

 rotation outside. HI gas undetected. r
 Large scale irregular motion of ienized gas
 in the central region(S80" ui.2Kpc). 21-cm

 emission is very weak. ;
 Regular rotation of HI gas• l
                                         I
 Regular rotation of ionized and HI gases.
 Arms rotate slightly faster (N15kmlsec) than l
 the disk.
i

i
l

 Regular rotation (<20"=:(l.5)Kpc). Possible l-
 irregular motion in the outer region, asym-l, mery of rotation curve and large derivation l
l- in the velQcity ofbright knots. I
                                         r Regular rotation of HI gas. I
                                         I-

 Regular rotation of HI gas. I
 Regular rotation of ionized gas ttp torv47"= l
 <3.9)Kpc. Velocity dispersion not exceeds I
 Å}50km!scÅë. Rotation curve is similar with i

 NGC I084. I. Irregular rotation of ionized and KI gases. ;
                                         / Unusually small rotatiott and strong asym- l
 metry of rotation curve in optical galaxy l
 <S4I<pc), and very steep velocity features in ',,
 outer HI region(at about 8'f:l6Kpc on either I

 side>. I                                         i Regular rotation of ionized gas (s36" s<3.9) I Kpc). I                                         : Explosion of ionized gas in the nuc}eus. A j
 combination of ciycular motion and radial 11
 Z[ll9iieO,Fk{}.ggK'ba.') rotation in the outer region l,

 Asymmetry of rotation curve in the outer 1/

 region <>Se" -N2.I I<pc). ,
                                         i Peculiar motion in the nuclear region with i•
 annular structure{<15"reO.87Kpc>. HI gas ,/

 undetected- i (Violent jet-like motion oÅí gas from the cen- iL
 ter. Radial filaments exist.) Strong radio i
 source. Seyfert galaxy.

I(d)

IV(b)

III(c)

I<d>

IV<b>

IV<b)

)c<II

><bvI

;::Ul

lzEl{

)(bvI

)a(I

)r::;

)b(I

l o=!cle vt6i

l de V'64*
i, Rtr•RDt64
i Sl,Vt6sfp•
l- RD,66
 O=:BBP,61

 O = W,62
    EP,64*
 O nv BBP,62
 R=Rt62as+•
l
l

 R=:SRt67
    SW,65*
l
I

 O tMA,42
    WM,42
    B,65
   CCGMP,68
 RteVr59
    R,62*
 O == BBRP,64

 R==R,62*
    RRWr67*
 Rtr=RRW,67*
 R= BPPi65

I
1
i
l- k'i:tkp6g4

' RRWt67*
i

 O==BBP,65
! Dt65
l
l O=BBP,59
I Dt6s*
i W,68
I

l

I' 0wBB'63
I
I
il O=BBt60
11 R mEp'64*

l
I O= BB,65
i



l98 T. KOGURE and N. [ilOYA

     [ i•NGd Hubble
     i• type
            i     i'i

Velocity field

Weigfit

O+R
l816

l365

1569

l792

!808

l832

2146

2403

2685

2782

2903

3031
(M81)

3034
(M82)

3109

3227

3310

 3359

 3379
(MI05)

 3504

3521

 3556
(MI08)

3623
(M65)

3646

Sp or Irr

SBc

Irr

Sc

Sb

Sb

Sap

 Sc

sop

Irr

Sbc

Sc

Irr

Irr/Sb

  s

Sb

SBc

EO

SBb

Sb

Sc or Irr

Sa

Sb

1.5+O

6+O

O+2
6ÅÄO

2+O

6+O

5+O

O--2

3.5s-O

3+O

4"O.5

O.5+O

  9ÅÄO

gt-2

3-yO

O+2
2+O

5+O

5-fO

4+.2

5.5+O

6+O

Main feature

Regular rotation. The centrai regiQn not
confirmed. Strong radio source (For A) exists
in the disk plane.

Non-circular motion (radial or Z-axis direc-
ted) in the nucleus (Sl5"f:1.IKpc>.

Regular rotation of HI gas.

Regular rotation of ionized gas<{;65"fs3.3
Kpc)
Large scale local departure from circular
motion in the region 30"--60"(l.INr2.2Kpc).

Regular rotation of ionized gas (s48.7"ff3.6
Kpc)
Falling motion of ionized,cloud, and asym-
metry of rotation curve in the outer region.

Regular rotation of HI gas.

Unusua! rotation <main body and surrounding
whorls rotate separately).

Two gas components (HII gas and(OIII)gas>
rotate separately with regular retation curves.

Local disturved motion of ionized gas, and
large velocity dispersion in the outer region.
HI gas undetected.

Possible regular rotation of HII regions.

Explosive motion of ionized gas in the central
region, and regular rotation ofstellar compo-
nent.

Regular rotation of HI gas.

Large dip (-l751cmls) in the rotation curve
and velocity split into a few components in
the nuclear region (fg5"==O.28Kpc). Seyfert
galaxy.

Possible disturbed motion of ionizd gas, and
unusual rotatiolt <center of roation not coin-
cicling with the nucleus).

Regu!ar rotation of HI gas.

Regular E-galaxy with no appreciable rotation.

Regular rotation of ionized gas. Outer arms
may be elliptica} or not cop}anar with the
main body if the arms are circular.

Regular rotation of ionized gas (hl80"ss
(5.6),(7.4)Kpc). Steep rise to near-maximum
velocity, followed by a long fairjy fiat portion.

F}at rotation curve over wide range of cent-
ral region, suggesting turbulent motion of ---50
kmlsec. Regular rotation of HI gas.

Bright knots in outer region show !arge devia-
tion (r--l50km/sec) from circular motion.

Large scale irregular motion. Dynamically

Class

IV<b)

I(d)

IV(b>

IV(b)

II(b)

IV(b)

I<c)

II(a>

IV<b)

III(d)

III(e)

II(b)

IV(b>

I(a)

IV(b)
I(d)

II(b)
III(f)

IV(b)

IV(a}

IV(b)

IV(b)

I<d)

II<b)

II(c)

Reference

O =St65
   BBS,63•*

O == BB,60
   BBP,62
R RRWt67*
R RBBPr64

o ==

Ow

BBt68

BB,68

O=Å}Å}BBP,59

R==Rt62*
   SWt65*
O == Dm'65

o == Dt65

O BBPt60
R Ep'64*

Or=M'59

O=BBR,64

g D,66

RF,68

O -- CIWt67

R RRWt67*
O BBF,61

O == BBP,60

O==tBBaR?t64

R BBPt60
RRWt67*

O==BBPi61

Ott:BBP,61
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NGC
F

Hubble
 type

Velocity field

 Weight
iO+R
'

Main feature Class Reference

 4027

403819

 42i4

 4236

 4244

4258

4278

4449

4486
(M87)

4490

462I
(M59>

4631

4656

4697

4736
(M94>

4826
(M64)

5005

5055

5128

I
I

i

 SB

Ir+Sc

 Irr

 Sc
 Sc

Sb

El

Irr

EO

I

2+O

7+O

O+2
O"2
O+3.5

5ÅÄO

2.5"O

  O+2
i

I s"O.5

  Sc

 E5
      i
      I
Sc or

SB(s)m

 ,iZ/

Sbp

Sb

Sb

Ep

l

'

OÅÄ2

1"O

4+3

o -}- i

1"O

5+2

5"O.5

3+O

3+2

7+O.5

i unstable structure (acute-angle structure and

I wavy structure> in the outer part.

 Gas stream along the central bar (Magellanic
 type>.

 Large negative velocities in the dusty distur-
 bed area (explosive phenomena ?>

 Regular rotation HI gas.

 Regular rotation HI gas.

 Regular rotation HI gas.

l

Irregular motion of ionized gas in the central
region <explosive metion?).

Rotation of ionized gas in the central region
of E galaxy.

Regular rotation of HI gas.

Outflow of ionized gas relative to stellar com-
ponent and jet-like ejection of non-thermal
gas. HI gas undetected.

Possible irregular rotation of HI gas <asym-
metry and large dispersion of rotation curve).

E-galaxy with appreciable rotation<tilt angle
5 : O =m l3 kmlslsec of arc == 22 kmlsec/!OO pc).

Large scale gas stream in the eentral part.
Regular rotation of HI gas.

Possible non-circu}ar motion of HI gas.

E-galaxy with appreciable rotation (tilt angle
1 i" Å}1O m= 29kmlslsec of arc==50km/sl1OO pc)•

Possible irregular motion in the outer region
<HI altd ionized gas.>

Regular rotation of ionized gas in the inner
part (S2Kpc). NTeither OB star groups nor
HII region in the outer arms. HI gas unde-
tected.

Rotation curve (up to--87"=s4.6 (6.I> Kpc)
contains various peculiarities. Large velocity
dispersion of ionized gas in 20"N50" and
a break of Ha ve}ocity curve at 48".

Regu}ar rotation of ionized gas and HI gas.

Falling motion of gas relative to ste}lar com-
ponent, wigh }arge irregular gas motion. St-
rong radio source (Cen. A). HI gas undetec-
ted.

l

I(e)

II<c)

IV<b)

IV(b)

IV(b>

I(d)

III(c)

IV(b>?

I(a)

I(b)

II(a)

III(b>

l(e>

H(c)?

IH(b>

II(b>

IV(b)

II(d)

IV<b)

I(c)

l• o"asde vt64*
i
,

P-=BB,66

 R!=SWr65*
R= RRW,67*

I R== R,62*
I• SW,65*
    RRWt67*
 O==BBP,63
    CW,67
    Dt65*
 Rt=Ep'64*
 O==Ot60

 R==RRW,67*
 O == Ost60
    BBSr63*
    WHt67
 R=Ep'64*
 RwRRW'67*

 O==KMt66

 O == deVVt63
l. BBpt64
 R==R,62*
i

i RRWt67*
i

    Rbt68
 R rRb'68
 O x KM'66

 OmBB'62
    aW,67
 RmRRW'67*
 O==RBBP,65
    R==Ep'64*

O==BBPt61

I

I o..

!R=

lo=

ll R...

BBP,60
RRWt67*
Ep'64*

BBt59
BBt62
BBSr63*
Ep'64*
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    i i'     Hubble iNGC      type
           i
5194

5248

'

Velocity fielcl

Mieight i

O+R
Sc 1O{-3

Main feature l c}ass
l

Sc

       SBb 5383

 5457 I Sc
(MIOI)i
     l 6181 1 Sc
     '

6822

6946

7237

7S31

7469

Irr

Irr

so

Sb

Sa

I

E
i

4--O

5--O

O-F2

Jr -FO

 O-l-2

 O+2
O.5-FO

 6"O

 3"O

 Large scale irregular motion in the central
 region(s4e"=s760 (600>pc), Regular rotation
 in outer region and of NI gas.

 Large sca}e deviation from rotation curve of
 ionized gas in the outer region <50"N65" e
l 3.5---4.9I<pc).

 Possibility of large scale 7.,-motion in the
 central bar (s7"ffl.OKpc).

 Regular rotation of HI gas.

 Asymmetry of rotation curves at these position
 angles, a "hump" at SE 8"-•-13" =O.96-vl.6
 (1.g•v2.I) Kpc. Gas stream along the cen-
 tral bar?

 Regular rotation of HI gas.

 Regu}ar rotation of HI gas.

 High velocity gas in the nucleus. Strong radio
 source (3C442>.

 Large scale velocity dispersion in the outer
 retion of l4•3"-v250"fs7.4ev8.0 Kpc.

 Explosive phenomena (Seyfert galaxy) in the
 nucleus (Sl".4kJ(340)pc). Regular rotation
 of ionized gas in the outer region. (1.4•N•1l"
 f:340•N2700pc).

 Possible gas stream along the bar. Extremely
 long bar up to •N9I<pc.

 Regular rotation of HI gas (slightly distur-
 bed).

 Gas stream along the central bar.

 Regular rotation of HI gas. }{I rich high
 velocity cloud at the nucleus.

 No sign of rotation.

 Regular rotation of Hl gas.

 ?ossible jet-motion from the nuc}eus. Strong
 radio source.

I(d>

II(a)

I(e)

IV(b)

II(a)

IV(b)

IV<b)
I(d)

II(d)

I(a)

Reference

7479

7640

7741

ICIO

IC
 1613
IC
 2574

3C
 3e5

E

I
I

 SBb

 SBc

SBc(s>

 Irr

Irr

Irr

Sa

4-yO

O+2

1+O
O"3

l
lOM
  O-l-2

  2+O

 I(e)

 IV(b)

 I<e)

 IV(b)
l

l

III(a)

IV(b>

I(b)

:
l

O==BBt64
R :Ht61
   Rt62*
   RRWt67*
O == BBP,62

O==BBPt62

R:=Rt62*
   RRWt67iki
O =-# BBP, 65

Rt:tRR.W,67*
   VHt61 rk•

Rttr RRW'67"'

O::tBBS,63*
   Gt62*
O ==t RBBCPt65

Oi=BBPt63

 O :=de V'64*
I

 R==RRWt67rk•
1

 O = de V'64*

 R==R,62
    Ep'64*
    RjRW,67*
 R==V}It61*

 RteRRW,67*
 O = St66
I

observation is macle in a position angle of ma.ior or rninor axis with the slit length
extending to the encls of the galaxy in bot}'i sides, we count the weight 2 in optical

observation. The values of weight are adjusted, though rather arbitrar.ily, so as
that it rea ches up to about 1e when the measurement is made along several posit2on
angles enough to cover tlae rnain pa.rt of the galaxy. Because of the crucleness of
weight estlmation, we have not taken into account the further observational con-
ditions, such as the dispersien of spectrograrns andlor the instrumentation.
    The nearest .cralaxies M3l, LMC, SMC, and our Galaxy are excluded from our
survey, for the details of observation fbr these galaxies sometimes mal<e difficult to
compare them with other g`a}axies, and our attempt is limited to the overall feature
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of velocity field in galaxies.
    One point is noticed in "1"able A that the spectroscopic and 21-cm observations
have so far been made almost exclusively with each other. rrhis is easily seen in the
values ofweight: of 75 galaxies, only 5 galaxies have the weight equal or greater
than 2 both in spectroscopic and 21-cm observations, whereas 61 galaxies are of
weight O either in spectroscopic or in 21--cm observation. It is therefore most
desirable further observations to be made froin both sides of opticai and radio
observations parallelly.

iNfGC Abbreviation
 55 de V'61
    RD'64

157 BBP'61

221 W'62
253 BBP'62

300 SR'67
598 MA'42
    XiVM'42
    B'65
    CCGMP'68

    V'59
 613 BBRP'64

 681 BBP'65

 925 RBB'64
    HR'65
 972 BBP'65

    D'65
1068 BBP'59
   iVV'68
I084 BBP,63

1097 BB'60
1275 BB'65
l316 S'65
l365 BB'60
    BBP,62

l792 RBBP,64

l808 BB'68
2146 BBP'59

2685 Dm'65
2903 BBP,60

  Reference for individual galaxy m Table A

                      Reference
Vaucouleurs, G. de. 1961, Ap.j., 133, 405.

Robinson, B. J. & Damme, van. I<..}. I964, IAU-URSI Syinp. IN'o. 20..
1966, Aust.J. Phys., 19, 1ll.

Burbidge, E. IVf., Burbidge, G. R. &e Prendergast, l<. H.. I961, Ap. J., IS4,

874.

X'Vall<er, M.F. 1962, Ap. J., l36, 69S.
Burbidge, E. M., Burbidge, G. R. & 1'rendergast, I<. H. 1962, Ap. J., l36,
339.

Shobbrook, R. R. & Robinson, B.J. I967, Aust. J. I'hys., 20131.

Mayall, N. U. & A!ler, L. N. 1942, Ap. J., 95, 55.
Wyse, A. B. & )v-fayall, NT. U. 1942, Ap.J., 95, 55.

Brandt, J. C. 1965, M. NT. I29, 309.
Carranza, G., Courtes, G., Georgelin, Y. & Monnet, G. 19. 68, Ann. d'Ap.,
31, 63.

Volders, L. 1959, B.A.N., 14, 323.
Burbidge, E. M., Burbidge, G. R., Prenclergast, K. H. & Rubin, V. C. 1964•,

Ap. J., 145, 85.
Burbidge, E. M., Burbidge, (}. R. & Prendergast, K. I{. I965, Ap. J., 142,

l5`l,.

Rubin, V. C., Burbidge, E. M. & Burbidge, G. R. 1964, Ap. J., 140, 94•.
H6glund, R. & Roberts, A4. S. 1965, Ap. J., 142, l366.

Burbidge, E. M., Burbidge, G. R. & Prendergast, I<. H. I965, Ap. .}., 142,
649.

])emou]in, }vl. 1965, Publ. de L'obs. de }ilaute-Provence 8, N'e. I.
Burbidge, E. M., Burbidge, G. R. & Prendergast, K. H. 1959, Ap.J., !3e, 26.

Warker, M.F. 1968, Ap. J., 151, 71.
Burbidge, E. M., Burbidge, G. R. & 1'rendergast, I<. }I. 1963, Ap. J., 137,

376.

Burbidge, E. ]vl. 8e Burbidge, G. R. 1960, Ap. J., 132, 30.

Burbidge, E. M. & Burbidge, G. R. 1965, Ap. J., 142, IS51.

Searle, L. I965, Nature, 207, 12g2.
Burbidge, E. ?Å}v[. & Burbidge, G. R. 1960, Ap. J., 132, 30.

Burbidge, E. M., Burbidge, G. R. & Prendergast, K. H. 1962, Ap. J., 136,
ll8.

.Burbidge, E. M., Burbidge, G. R., Prendergast, I<. H. & Rubin, V. C. 1964,

Ap. J., IGO, 80.

Burbidge, E. rvl. & Burbidge, GJ. R. I968, Ap. J., !51, 99.
Burbidge, E. M., Burbidge, G. R. & Prendergast, I<. I{. 1959, Ap.J., l3e,
739.

Demou}in, M. 1965, Publ. de L'obs, de Haute-Provence 7, No. 44.
Burbidge, E. M., Burbidge, G. R. & Prendergast, K. }i[. 1960. Ap. J.,
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3e31 M'59
3034 BBR'64
3109 D'66
3310 CW'67
3379 BBF'61
3504 BBP'60

3521 BBCRP'64

3556 BBP'60

3623 BBP'61

3646 BBP'61

4038/9 BB'66
4258 BBP'63

  CW'67
4278 O'60
4486 Os'60

  WH'67
4621 I<M'66
46Sl de VV'63

  BBP'64

  Rb'68
4656 Rb'68
4697 KM'66
4736 BB'62
  CXiV'67
4826 RBBP,65

5005 BBP,61

5e55 BBP'60
5128 BB'59
5194 BB'64

  H'61
5248 BBP'62

5383 BBP'62

6181 BBP'65

7331 RBBCP'65

7496 BBP'63

7479 BBP'60

ICIO R'62
3C305 S'66

T. KOGURE and N. TOYA
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Abbreviation
  Arp'66*

  BKSN,68*

  BBS'63*

  D'65*
  Ep'64*
  G'62*
 R'62*
 RRW'67*
  SW'65*
 de V'64*
  VH,61*
  P'61*
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       References common for several galaxies.
               Reference (assigned by asterisk)
    Arp, H. I966, Ap.J. Suppl. Vol.14, N'o.I23, 1-20. At}as of Peculiar
    Galaxies.
    De la Beaujardiere, O., l<az6s, I., Le Squeren, A.M. et Nguyen-Q;uang
    Rieu. Ann.d'Ap. 31, Fas.4, 287, l968.
    Burbidge, E. M., Burbidge, G. R. & Sandage, A. R. 1963, Rev. Mod, Phys.,

    35, 947.
    Duflot, R. 1965, Publ. de L'obs. de Haute-Provence 8, No. I6.
    Epstein, E. E. 1964, A.J. 69, 490.
    Greenstein, J. L. 1962, Ap. J., 135, 679.

    Roberts, M.S., l962, A.J., 67, 437.
    Rogstad, D. H., Rougoor, G. H. & Whiteoak, G. B. 1967, Ap. J., 15e, 9.
    Seielstad, G. A. & Whiteoak, J. B. i965, Ap. J., !42, 616.

   Vaucouleurs, G. de. I964, IAU-URSO Symp. 20. 269.
   Volders, L. Hogb6m, J.A. I961, B.A.N. 15, 307.
   Page, 1961, Proc. of the 4th Berkeley Symp. on IV(athematical Statitics
   and Probaility, Vol.III, 277, Univ. of Calif. ?ress.


