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Abstract. Oneof the largest ��� rotationcurve databasesof spiral galaxiescurrentlyavailable
is that provided by PersicandSalucci(PS) [1], which hasbeenderived by themfrom unreduced
rotationcurve dataof 965southernsky spiralsobtainedby Mathewson,Ford andBuchhorn(MFB)
[2]. Of the original sampleof 965 galaxies,the observationson 900 wereconsideredby PS1995
to begoodenoughfor rotationcurve studies,andthepresentanalysisconcernsitself with these900
rotationcurves.

The presentanalysisshows that the rotationvelocity, � , at any radial displacement,� , in the
optical disc of any given spiral galaxysatsifiesthe law ����� �
	 ���
��� �� , where ��� and ��� are
givenasapproximatefunctionsof thegalaxy’s absolutemagnitudeandsurfacebrightnesswhilst �
is anunidentifiedfunctionof othergalaxyparameters– of which themostsignificantoneswill be
therelative proportionsof thedisc,bulgeandhalomass-components.It is this latterfunctionwhich
providestheopportunityfor a dark-mattermodellingprocesswhich is independentof any particular
dynamicaltheory.
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1. Introduction

A first analysisof thedataconsideredherewasgivenby Persicet al [3], hereafterPSS,in
whichthey concludedthatthereexistsa‘universalrotationcurve’ for spiralgalaxieswhich
is determinedprimarily by thetotal luminosityof thegalaxyconcerned,andtheessenceof
this conclusionis confirmedhere.

However, the presentanalysisof the samedatagoesmuchfurther andshows, finally,
that the rotationalvelocity in the optical disc of a spiral galaxywith absolutemagnitude�

andsurfacebrightness� behavesaccordingto
�
�����

���
� ����

����� ���� "!$#�% &�')(*!+#,%�-�.�./�0!1#�% #2#�#435(2. � ������ �6�6 "!$.�% 3�7,-8!+#,%93)#�'/�0!1#�% #2#23�723 � � (1)

Sincethis modelis shown to accountfor over90%of thevariationin thepivotaldiagram,
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it canbeconsideredas,at thevery least,anextremelygoodapproximationto thestatistical
reality, asjudgedfor a largenumberof spiraldiscs.

2. The data

The datagiven by PSis obtainedfrom the raw :<; dataof MFB by deprojection,fold-
ing andcosmologicalredshiftcorrection. For any given galaxy, the datais presentedin
the form of estimatedrotationalvelocitiesplottedagainstangulardisplacementfrom the
galaxy’scentre;estimatedlinearscalesarenotgivenandno data-smoothingis performed.

Theanalysisproposedhererequiresthelinearscalesof thegalaxiesin thesampleto be
definedwhich, in turn, requiresdistanceestimatesof the samplegalaxiesfrom our own
locality. This informationis givenin theoriginal MFB paperin theform of Tully–Fisher
distances.

3. A basic correlation imposed by power-law rotation curves

Thestartingpoint for thepresentedanalysiswasthehypothesisthat
� �>= � � for rotation

curves.For eachof the900rotationcurvesin thesample,wethenregressed
�?�2� �

on
�?�2� �

to obtainestimatesof
����� = and ; ; the900pairs @A; � �?�2� =6B werethenplottedon a single

diagram,shown in figure1.
Thisfigureshows thatthereexistsanextremelystrongnegative @C; � ����� =�B correlation.

4. The model

A detailedanalysisof figure1 shows that it imposesvery strongorderon the luminosity
characteristicsof thegalaxiesin thesample.Specifically, whenwepartitionthewholesam-
ple into magnitude-limitedquartiles,wefind thatfigure1 decomposesinto thediagramsof
figure2. We seea clearevolution of the @A; � �?D =�B plotsastotal luminositydecreasesand,
within eachplot, we seethat surface-brightnessvariessystematicallyin the senseof low
surface-brightnesson thebottomboundaryof eachplot to high surface-brightnesson the
upperboundaryof eachplot.

Table 1.E9FHGJILKNM �PO MRQ4S O MUT�V�WYX �,Z W[X\Q Z S]W[X^T Z V
Pred. Coeff. Std.Dev. _ -ratio `a6b^cHd a�b^cHd
Const.

W
5840 890

W
7 0.00S W

1330 44
W

30 0.00V W
2.434 0.77

W
3 0.00Z 32910 1600 21 0.00Z S 2080 84 25 0.00Z V 29.23 2 14 0.00

e T Kgf cih j
k
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Southern Sky Spirals: Whole Sample

Figure 1. lm��nporqis�t8u plottedfor eachof 900rotationcurves.
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Figure 2. Surface-brightnessboundariesshown for eachmagnitude-limitedquartile.
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Defining

�?�2� =v� �?�2� ���$! ; �?�2� �w� ������ � � �vx ��y x{z � y xH| � ������ � � �>} ��y }�z � y }
| � �
where

�
is theabsolutemagnitude,and � is thesurfacebrightnessin solarluminosities

persquareparsecwe arrive,finally, at themodel
�
� ���

� �
� ����

����� � � � !$#�% &�')(*!+#,%�-�.�./�0!1#�% #2#�#435(2. � ������ �6� � !$.�% 3�7,-8!+#,%93)#�'/�0!1#�% #2#23�723 � % (2)

Referenceto table1 showsthatall thepredictorsof thismodelaresupportedby verystrong
statistics.

5. Theory-independent dark-matter models

Of potentiallygreatestsignificance,it is to benotedthathalomassmakesno explicit ap-
pearancein themodel(2); giventhequalityof fit of themodelto thedata(over90%of the
variationin thepivotal figure1), this implies that theonly placethathalo-masscanenter
thesystemis throughtheundeterminedfunction ; . It is this latterfactwhich providesthe
possibilityof a dark-mattermodellingprocesswhich is independentof any particulardy-
namicaltheory. Specifically, since,for any givengalaxy, reasonableestimatesfor ~4� andxH� canbeobtained,thenit becomespossibleto model ; in termsof thesetwo quantities.
Analysisof any systematicdifferencesarisingbetween; -valuescalculatedfrom therota-
tion curves,andthemodelled; -values,will then,in principle,allow systematicestimates
of any givengalaxy’s dark-mattercontentto begiven in termsof thegalaxy’s disc-mass,
bulge-massandsurfacebrightness.

6. Conclusions

By demonstratinghow completelythe power-law model for rotationcurvesresolvesro-
tationcurve data,magnitudedataandsurfacebrightnessdataover a largedata-base,this
paper:

1. substantiallyrefinesthe well-known correlationsthat exist betweenthe rotational
kinematicsof spiralgalaxiesandvariousof their non-kinematicproperties,suchas
absolutemagnitude;

2. showshow thepower-law rotationcurveis,almostcertainly, exactfor idealizeddiscs
(thatis, for discswithout theirregularitiesinevitably presentin realopticaldiscs).

Thedetailednatureof thepresentanalysisalsoprovidesa meansfor thegenerationof
statisticaldark-mattermodelswhich are independent of any particulardynamicaltheory.
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Apart from the objective desirabilityof suchmodels,they have an obvious potentialin
distinguishingbetweencompetingdynamicaltheories.
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