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(1)
PREFACE

The following thesis has been undertaken primarily as
an Mmtimd study. Accordingly, theoretical discussions
and speculations have been kept to a minimum, formulae in most
casee being merely quoted and refersnces given for their deri-
vations., Since the observational techniques used are nearly
all in standard prastice, they have not been fully deseribed,
while descriptions of their reductions have been relegated to
appendices.

It is a pleasure to record my thanks to the many people
whohn-uoictodninthocouru of this work. !‘ormst
among these is Dr. R.H., Stoy, BTr Majesty's Astronomer jo the
Cape, who both suggested the topic and directed the ensuing
research, putting at my disposal the facilitiss of the Royal
Observatory. The smoothness with which this work has pro-
coedndhﬁln'gouumdmtohilpathnthclp. Mach
guidance and help was obtained from fruitful discussions with
various members of staff of the Royal and Radeliffe Observa-

tories, especially Dr. Evans, Chlef Assistant, Royal Observa-
' tory, and also Prof. Irwin of Indiana University.

Asknowledgment is readily made to Mr. Driver of the Royal
Oblorvﬁory, who went to considerable pains in producing Plates
I and II of this thesis., Finally, but whose trouble has been
by no means least, my grateful thanks are due to Mrs. C. van
der Merws and Miss Y.A. Chaney for typing this thesis.
Departaent of Physics, JoD. Fernie.

University of Capetowh,
September, 1955.



CHAPTER I

INTRODUCTION

A casual glance at any star atlas reveals the fact that the
apparent distribution of stars on the celestial sphere is not uniform.
Closer inspection reveals that even in the Milky Way the areal density
of stars is not constant, but that there are large gaps with only a few
brighter stars in them and also, hers and there, a tendency for the
stars to cluster together.

These clusters are of many and varied forms, which have led to
miou systems of classification, but in general they conform to one of
two broad groups. The first of these comprises the globular clusters,
80 called because of their apparent spherical symmetry. The globular
Mmhmrﬂcm“mwbymhmumitymdnmbﬂor
their populations; some, sush as « Centauri, having as many as a hund~
red thousand members. They almost invariably contain intrinsic variable
stars; notably the cepheid variables. The globular clusters are usually
found to avoid the galactic plane and to lie at distances from us much
~ greater than those clusters - the galactic clusters « which form
cur second group. This group, sometimes designated as "open® clusters,
have usually a looss structure, a comparative paucity of members, very
rarely contain varisble stars, and are considerably smaller than the
globular slusters. ITypiecal examples of galactic clusters are the
Pleiades and Hyades, which are among the nearest clusters to us, In
contradistinction to the globular clusters the galasctic clusters are
rarely found far from the galastic plans, and in this is probably to be
found the explanation of the fact that all the known galactic clusters
lie comparatively close to us. For, as mentioned above, there are to
be found in the Milky Way (i.e. the galactic plane) large gape in the
general background of stars. Typical of such gaps is the Coalsack near
the foot of the Southern Cross. They are at present belisved to be
caused Ly the large clouds of interstellay dust and gas which cbscure
the light from the background stars rather than dwe to an intrinsie
lack of stars in those directions, although the latter possibility is

not to be mIM/OOQQOQOO
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et o o eanlundeds It has been masted that the great gap in Wela may
astmally be esnsed Uy our viewpeint of e sdge f a apdeal axm of our
slny.. Nwwr, the miarity of these gaps axe st serfainly due
s and dust olanda.  Theer Wy Dot memasarily e 20 danse as te
absorptian and geattaring they Jrobebly duinish 46 & pieater er lesser
extent all gWrlight reanhing ua. Nevaxtheless, the ¢leuds are femnd %o
be heavdly csnswmtmtod near the gaiaetic plane and prohedly nearly ewr
vhele view of the galaxy, inelnding its emter is sbecured by them., This,
tham, is prebebly why we find anly a fov galactis ehisters (shish e

. 8lose e the galsstie plame), they being the enes toe alose o us te
mmmmm m-:m-u—u
thave 40 be 33000 galastis ehisters in eur vhole gabiny.

There are also %o be fowd stars whish furm groups or associatiems
rather than elustars. These stars are not at enoe obvisusly associated,
being apread over many degrees of aky (galastic clusters are rarely as
nﬁ‘ummsnm), and mly statistiosl mnalysis of their
mrnmmmmmmmumm. Az
might De expected from this, beth galsotie and globular alusters often
have many more mesbers tha n are at anes cbvisus from a mperficial
staly of a star chart,

Fundamntal te eluster yescarch is e se-called Hertssprung-Russell
diagren, a relatienship dissovered first inplieitly by Bertssyrung snd
later expideitly by Mssell It has variews equivalent forse, the mest
commen being & plot of sbsslute stellar magiitede against Spectral Type.
Stnee the latter is not contineus but dlserete it gives rise i a
spurimis Line strusture of vertical limes in the diagren, and in modemn
wark i more usually replaced by the yellow colewr index (Vlue magaitude
Mnlmmhk)Mh omtinmous udnnqmnuur
W¢WW mwu:m#m
Seaperature, snd absslute magaitude a fmetien of stellar Iuminesity,
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| i adnee thess guntitiss ehangs a3 a siax evelves, the lattar's
ponitien en the -k dagren 15 not eunstent; ut & emdition of 148 age.
Tima al) theoxies of abedlse ewintion (whish ave largely 4o be tented Wy
tines known as the magniinde-eslowr awey)s It wma long considered that
all stellar pepulations prosent much the same sert of H-i diagram, bt
the work ¢ Bisde st ¥t. Wilaon and later st Palomsr 104 to the deliaf
@ist “GBEN are two (ot vexy distinctly sepirated) iypes of pepulation.
pulstien I, comprised of slowwmoving stars ix the cuter regioms of
spirdl galaxies, galastic olusters, assosiatisms, ets. displays the
classical E-R diagran, having its brightest stars dlue. Fopulation IT,
oa the ether imnd, is cowprised of high-veleeily sterm, stars in
lastic maled, glebular alusters, ote and presents an E-R disgrem
vhose Brightest stars are red, The tw dlagrams mulplmdhhm

Pep. T Pop. I

+4

There i3 reased to beliswe that papulstioms of the asond ype are
older than thoss of e first. m,mtm‘um
Wm«:mwmmmumm

/oa ving



having e chaxscteristios of populatien ¥, sush shusders being' sppavently
uissing in cur galaxy iteelf. ‘There also exist slusters whess H-R
diagrems ave Qifficult to dlssaify 'o:_cf-pcpuhﬁuzwn. md it would
ssen, therefore, that w i is o hand whan eur definitions of
glaetic and Qodulsr slusters st W revised,

At méamt, galactis elustars ave often elassified assording %o thelr
E-R ddagmans. The elassifisation has a susber from gue to thres
feldived by the spestral ype of the sarliest star in the eluster. The
sasbers imply
1. 2o glant stars in eluster.
20 & mixtare of giants sud aln sequnee sters,
3. giant stars only.

h mnu“’mm.“'nz, 2‘%,.“0

. The taportases of clusters lies in the fact that their mesbers ferm
a yeally Qnemise) system (as sppessd to m eptieal ome) oecwpying &
1tnited volume of speas » - That this i o is %0 be showm by an analysis
of thair preper seticus sud/er xedial wiscities, which indieates a
‘parallalism and egalily of ¥heir spaco~veloeitiss. IS would seem a
 wesagiieble ssmuptisn that mwoh o qystes is net Just a farfuitous
aggleomration of siars, but that these mmber stars originated together
-lhnmh’ﬁrWW~maﬂm4 Such a fanily of
staie,: therefore, premnts us with a pisture of stellar swlution in
whish the &iffesenses in stages sxe determined mot Wy Aifferences in age
htw--MM:mkumumv. Fow, on ¥w
basis of wrions hypetheses i slmplifying assenpticas it ix possidle
uma-w«.n-w-mnmn-nmmmw
sourse of i%s 1ife, mﬁ.mswmgabyw-mot
alae the yates of chings frem these stages. Thus Woe slegy of &
eluster's N-R ddagran pavviden a check on these thesxediisel esnsiderations

B



um‘mmmnp:&gﬁum-#mmu
um.m. mw,ﬁnmnammwmmm

of a BeR &lagrem of & Jarge yopuisitet is a stasistivel measare of the rete
etehmgootﬂwowlﬁngnmnmmm. rctmmmu
ummmmymmmmummmm
mtions vithid a4 cluster: Sush emsiderstisas gemerelly epabls ua to
usimathutmuppbruﬁttothomatcahmr(tmumemr
mummmmtnmmmuu dispersed), tims
mu—mAum»hmu.mmmm.n
swlutionary grounds,

Tho faqt that the depth (L.e. dlameter) of a eluster is in the
mmvwmummuAhmwmu
mhnuhmihahw,wnwwtmm,u&
mﬁm&vumc m-mtz!nhtmthutﬁthws
uMVdMnmm&tnnhmhmm
matﬁtmmhauﬁuu. m,brmmthdrqpmt
nmmmmwm(w,mtumm. their apparest
mumum%)mwmmuumma
mmmmm mﬁummhnmmn-n
m ummmmmwm
- & piot of ahsclute mgnitude against eslour, dJimee the evolutisnaxy
&mmmmﬁwm&ﬂnnmumcm
WMM“ﬁMMﬂhh&MWl
sortain nabey of gitules, - This displacemed - (the distanse
um)mwwﬁummuummmmu
umw&muumnmwm
whs snmundt % yisll the datance of 4hae elwstwr, In 1950, hewevery
mm*m-&wmmm“htwwumt
artostly, Awsasparent sd that & esrmeetion for shasspiien mist be spplied
W the above estimtes of dtstenesy  Mtlers wore Deirther sonplionted by
the discevery that this shesrptiem is censtant in meither direyiien ner
eolour, falling off repidly with inereasing direetion frem the galastie

M~o



- plane, md spproximately inversely with the wavelength. From this
arose the eenception of the "eolowr-excess® of a star. Por a glvm

pe of selour index, the difference Detwosn a star's chserved eolowr
index and its nmmm(mmmwu
1% colowswexcess. This &ifferential absorptien of a star's light is
spoken of as the 'reddening' of #he star. Fortmately, howewer, later
wrk with aix-selowr photometny” showed that the ratie of general
(otal) abuorption to differential (speeific) sdeerpticn is eonstant.
On the assuaption that neaxdy stars are prectisally wnreddened an Ldea
of the yeddening of any other star ma 7 de had fyom a eouparison of its
um-mmuumnm.rummmxm.._ Henoe,
from the known ratio adowe and ¥his reddening 1is obtained soms measure
of the sorrection %0 be applisd for gensral abeerptien.

¥ 200, then,that quite a fair determination of distsnes my be
mis photomtrisally. JNor the nearer elusters having well-determined
proper mtions and radial velooities we my adopt geomtrical methods of
doternining the distanse, md Desides others, there is the statistisal
mihed by whish Truapler arrived at his oonclusion of interestellar
ahserption. s degan Wy elassifying some one nmired galsstie olusters
on the basis of their strustural appearenes, dagres of pepulation, ete.
He then proassdad % make the asswption that alusters of the same olass
have (at least) similar linear dimmsions, and henos the sngular dismster of
a aluster in & given ¢lass besoms inverssly preporiional te the distance
of the elwster. Calibrating his seale by thwe nearest elusters he dissovered
that the differences in distense detersdned photesstrisally from that
dotermined by this method inoreased systematically with the distance.

Be was lsd to eonciuds that 1t must be interstellar adsoxption of the
starlight whioh mds the eluster distanses %00 great as determined
photonstrisally.

Cluster distances, therefore, besides ¥hw wery limited distances
determined by direst Trigoncaetrical parallames, are ameng the most
sourately nomn of all astwwmondsal distances. This has a nusber of
important bearings. Pirstly, in glebular clvaters it mkes possidle
e doternination of the sere-point of the oluster-iype eepheid variedles.
Seacndly, At yislds an sscurete msssure of the distances of cur mearesd
extre~galostis neighbours, mamly the legellanie Clouds. Thirdly, 1%
yislds Lwportant information shout the structure of our om galaxy, sines
the slmters serve %o mp it out, giviag an estimade of 148 siaey, the
possidMlily of it possessing spiral arms, ets:. A nowl wibted of deter-
mum«mmmmmmwmmy‘
Mm‘.munuuﬂ-mmmuamuwmwm
clusters. MMMM!’W““«MHW
point of % elasaisal-oepheids.
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--ﬁhfwMM"htﬁu'mWOrﬁklm
has 4 dofintte sentter, badag, in fact, a band. 8ince it is enly in the
last decads that the sdvens of the ploto-multiplier eell has ma d» eaxy
e messurenent of swlisr mgnitudes somuie 4o OF magritudes eor
better, it wan lang in doubt whether #his band ~width was real or dus to
ohaarwational exvew. »'..mtm?mmuauw sontxoverny Wy
elaining to have found from & study sf severnl galsetic eluaters and
noarty stars a fine-atructure in the main sequence. Sewversl worlers,
notably Jolmson, repeated Zggen's cbservatisns but falled to Lsdlate any
of the five Mib-sequenues reported by him. I$ is quite possibls that
mdﬁpmwawmmunmaumﬂumamu
Mrcwtian-'hamﬁmzmmmmd’mm-h
another, The mhbﬂrvmm”tbm satinfantorily remolved.

It a xines i‘m a solution of the gnvitutim equations of
General B!hti‘viv that nm. in escaping from s gravitational field
st appesx tv have 1t wavelsnigth inoreased, For vhjeuvis such as stars
(and sturw are the only bolies massive encugh %0 produss axy messurable
effect) Gw inerease variss a3 M/R, where M is the star's mass and R its
rafdus. The effect is detected as a spuricus Doppler shif$ and is
usva:lly expressed as a wlotiv. .. i:,a kilometres per ssoomd. To
test the theory stars arc required whome trwe redial velosities are
mmm-obrthmmaof their om spectra and whese
ratio of N/R is cemparatively large. Swoh stars axe s bs found 4n
binaxy systems having eme cospenent & white dvarf; the sparatively
hmp,mmgivhgamdtbwsnﬁunwv.
Sixius & nd its ecspanion was one of the first of such systems to be
teated. Another {ype of systom esntaining suitabls sters is provided
Yy those galastic clusters eontaining O-type st rs. These stars are
exseedingly lundnous and aceordingly massive, yet, belonging to the
min sequence, have only moderate radii. The lses luminous stare in the
cluster ars used to determine the system's reaial veloedty. Trumpler
vas the first to ma ke such measuses on galactic clmsters and foumd
shifts of up to about +10 km/ses (the predicted ahift for the sun is
0.61 km/ses), Which s xe equivalent te a beut 300 solar masses if
eutimi ten of the redii & re made from rediation ecmsiderstions, Such
mases axe wery saswh greater then those determined by other means and
are sonsidersd %o be incorrect. These staxrw are scmetimes designated
as 'Trumplexr Stars’, |

The foregoing discussion will play a laxrge part in the rreparation
of any prusent progrems of work en galactie clusters. It i a moot
point as to wWtier, in a f1e1d as poorly stulied as the somthem
hemisphere, it is better to make & modsretely acemrate survey of a fow
of the above topies in several clusters, or to ma ks as eogplete a study

/a8 possidle



as possible of enly ou elnltcr. In the case of the present thesis
considerations have further bien dlotated by the time ‘availahle, and with
this in wiew, pmmummmorammmw
,tinldormumh, a study of only one aluster has been made. This
cluster, N.G.Co25,7, wa s selested since it we s one of Trumpler's
"initial hendred elustei¥s mbt yot Milly iavestigeted and it was available
fox observatisn. im. the mumer and antiun menths.

It will be realized that one of prims observations on a cluster will
1is in the accurate photometzy of its mechexs, me-gnitudes in e eclours
being essential, with three or more preferable. This has been &ne for
§G02547, thres-celour (witre-viplat, blwe, yellpw) photo-slectrie
photomatsy on seventy of its members being carried out to an accursgy
(pee.) of about & mméaredth of a magnituds.

Houmnnofthmﬂhtwdthm.twwmhanm
attmhd:tmtbmltmhﬁochnhrmbofw”o
Newertheless, it has been thtﬁobhhaqunhcetﬂn
nﬂllwlociivd‘ﬁlm&r.

As material rox-n-tmtyof the chs'nrh mmthtproporntm
of the ssventy :brightes$ members have been measured on .utmgnphic
phh-vith-. 'bmlhn' of 62 yesun.

 Finally, phetomhinmrlm- oohuxnmdoxpommdonmu
tchmpcahu‘bunnbofﬁuclmhrulitawfer&

purposs of pepulation épunts and studies of the nmun&iq nebulosity.



9.
AN mwnm LIST FCR STARS IN NGC. 2&7.

Throughout this thesis cluster stars are designated only by serial
numbers (whish increase with Right Ascension), and there follows here a
list of these mumbers with their corresponding numbers in various stare
ostaloguss, should the star appear therein.

GLOSSARY: CJP.D. - Cape Photographis Durchmusterung.

Z.Co «  Cape Zone Catalogue (1900).
- FeZsCe «  Cape Faint Star Zone Cstalogwe (1939).

TABIE 1I.
8er.No. CePeDs FeZoCs 2Z.C. Ser.Ho. C.P.D. FaZolCo ZoC,
1. =492 1508 35. 1516
2. ~48. 1479 36. 1517 5473
3. 1510 3836 3. 1518 5474
be 1484 5423 38. 1519 5475
5¢ 1513 5426  39. 1520 3889
b. 1514 40, 521
Te 1485 3851 4. 1522 5476
8. . . 1486 3853 26 1523
9 487 - A3 1524 5479
10. 1492 - hhye 1525 5480
1. 1493 3444  45. 1528
12, 1495 S44T A6, 1527 3894
13. 1496 ' 47, 1528 5482
%. 1520 3868 i8. 1529
5. 1497 3867 49. 1530 5484
16. 1498 3870 50. 1531 5485
7. UP 51, 1532
18. 152 52. 1531 5487
19, 1500 5455  53. 1533 3898
20. 1501 38n 54. 1534 3899
2. 1523 5461 85, 1536 5490
2. 1503 56. 1537 3902
3. 1506 57. 1538
24. 1505 38Mm 58. 1539 3904
25. 1524 59. 1540 3905
26. 1509 3879 60, 1541 5498
27. 1508 3878 6l. 1543 5506
28, 1510 5463 62, 1547,
29, 1507 63. 1546 3919
30. 1511 5464 64s 1547
. 1512 5467 68, 1551 3928
3. 1513 5469 66, 1537
33. 1504 5870 6. 1540 3938
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CHAPTER I,

General Observations,

Plates I and II show general views of the cluster and its surroundings.
Plate I is an enlargement from a plate taken with the 24 inch refractor
of the Royal Observatory. It is a sixty minute exposure using an IAZ
emulsion with no filter. The 24 inch refractor is designed for photographic
work and has a focal lenépt of about 265 inches, giving a plate conatant
of some 50".6 per mme It has several companion telescopes on the same
Amounting, among them an 18 inch refractor designed for visual work, and
with this various plates were taken using yellow filters. The 24 inch
was also used in conjunction with ultra=violet filters both for photometric
purposes and to study the surroundings in Ultra—violet lights However,
nothing unusual was found on fheae plates and their sole use was in the

photometry, Fuller details of these exposures are given i chapter III,

Since the 24 inch refractor has only a small field of view ( about
15 x 15 ) and it was of interest to atudy the more extensive surroundings
plates were kindly taken for us on the 32 inch Sohmidt telescope of
Armagh-Dursink-Hurvard observatories at their Boyden station near Bloeme
fontein. This very fast tq;escope takes circular plates of 10 inch
diameter coverin: almost ;ﬁ across a diameter, We have three plates of
12 minutes exposure on Kodak 103-e0 emulaion, reaclking a threshold
magnitude equivalent to probably that of the 60 mn. IAZ exposure on the
2k inch. These plates are not of the highest quality but this is no way
the observer's fault as the oluster was unnvoiéiy at a high zenith

distance when the exposures were made,

NGC2547 lies in en interesting situation. Its 1950 co-ordinates
are: Declination <49° 00', Right Ascension Bhr' Bm.s. which is equivalent
to a galactic longitude of sbout 234°.6 and galactic latitude =8°0.
This places it in the constellation of Vela, about two degrees south of

y-Velorum. The Schmidt plates show what appears to be a definite

/association






1.

assocliation of stars near y~Velorwm. although it is the opinion of Pref.
Irwin that NOC25A7 does not belomg to this associatiens A search of the
1952 Yale catalogue of bardlans reveals that only about two of these stars
have had their parallixes measured (it is interesting to note that r-vu?mm
itmelf does not seem $o have a published parallax and since it is a peouliar
Wolf}Rayet star its spectrum does not yield an easily evaluated estimte of
distance), these being of the order of 0".(2 which corresponds to a distance
of some 50 pc ~very much less than the distance of NGO 2547 (see Ch,III) .

The cluster is also interestingly situated in that it lies close to the
great gap in tho llilky Way in Vela between the False Cross amd s =Velorum.
In actual fact the gap shows up on the Schmidt plates as 1lying about 13°
to the south-east of the cluqtor, which places the lattor somewhat too far
away to be of any groat value in a study of this intoﬂtolhr dnst ¢loud,
There are lmul otlur gahctic olusters nsurer tho htter which should be
worthy af clo-er attention, Hmnr, NGC 2547 liss close onough to meke one
sulpeqt the possible presence of differential absorption within the cluster.

] . 10

he olassification of the Cluster on Trumpler's system presents some
slight Miculty._ Thl! questions of cluster membership and spectral types wili
“be dlsocussed in later d:;ptoru » but it appears probable that the cluster
_ bas ore ghdnt star among its mewbers, Unfortunately, no spectrum of this
star (24) 48 as yet available, and its cleasification rests only on photo=
wotry. it certainly does not appear to be wain-seguence atar, but if a ~
gednt 4t has a remarkably high eolour-cxooss. Its cluster mmbarship
seems wo!.l-utnblialud from the propor—mtior?ritoriu. Also, such a
gidut would render the olustcr unique in having a gaint fainter than its
- brighest mein-sequence members (sec evolutionary discussion in miw
Chapter IIT). However, assuming that this star is a gifmt, the oluster is
%0 be classiffed us type 2z-b3,

NCC 2547 s an umismally thin and irregular ecluster, having a

deoidedly elongated appearance transverse to the galactic plame, The
brightest stars form an almost spirel struecturs, this being espeeially
warkdd in the fiter part of the spiral from star 33 through 47 and 41 to 2k

/This



12,

 fhis 43 of interest from the poimt of view of the substantiation er other-
wise of certain Russian researchss, Markaryam , of the Buralmn Observatory,
- glaims that those olusters whose brightest members are of type O-B2

all have either miltiple star s;stems mch as the Orion Trapezium or
star-chains, The existence of these star-chains, wot only in clusters,

is daputed by many other astroncmers, A difference of one sub-class

18 not so great as to exclude the possibility that NGC 2547 belongs to
Marakaryan's class and does exhibit those star-chains, although it

s¢emd doubtful as to how om::msm proceed to prove their reality in

’pa.u. ) v

It s of comsiderable interest in dyoamioal studies to have some
estimte of the tetil wuber of stars forming the eluster, plus, also, some
indication of its total mass. Havimg made an estimate of the cluster's
radius, one is then enabled to compute and average riznuity for the
cluster = a factor of vital importass inm Ssterwining the cluster’s
resistance to disrupting forces, To this end population counts were
undertaken om the photographic (1A2) éhh ntpoud for sixty minutes
through the 24 inchs It is estimated that the thresheld photogrephic
magnitude on such a plate after m;oh an exposure is betwsen 17.0 amd
17.5, implying, thersfore, that the population deduced from thpu eounts
15 only thatfédtion of the cluster population whoss apparent ug;itudn
1s brighter than 17,0 = 17,5 photographic, However, using the
distance modulusof 8 »! deterwined in chapter ITI,. %his implies that the
section of population thus omitted must consiat of atars of absclute
magnitude failnter than about +9 pg, i.e. of type later than say K5 or
Mo, ?fw w?:igh ”ono‘vqgld not u:poct thn? t0 be a majority in suoh a ocluster,

They are also the stars of the lowest mass.

The main requirement of a population ocount for the purpose of | .
determining cluster ponulation anml radius is the determination of thn .
areal demsity of stars as a funotion of diatance from the oluster® s'
oentre, Let this funotion be f(r). Let K be the density of back-
ground stars (assumed constant), so that ideally £ (r) is asymptotic

to X. However, in practios (£(r) - X) becomes less than the statistical

/fluctuations
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nmmummxwurr,mmmcm,m.mmm«, say

&  Then a may be taken as the radius of the cluster. This is illustra-
M m rig. (n). nf?‘l Dengi"y

P~y S

Dist. out o
5«'3. (i)

o0

Total Area under curve - Jf(r) dr

Area above baskground density K -fr(r)dr-fxdr

-, [!‘(r) dr - Ka
Mean value of f(r) above Background density iss

Mry = n'ljf(r)dr-l

Hence, total number of stars in eluster brighter than threshold magnitude isi-
X = T(r] x area of cluster

« MF) x mat
i.e. |4 - leﬂr) dr « Tl’lzl..-......(l)






The

It 48 possible to deduce the actual space distribution of stars from
the areal distribution by the mmeriseal integration of von Zeipel's equations

)= 7 ] - )t 14 e b

where x replaces our r above and r is the true (apaﬁcl) distanos from the
oentre, R being the cluster radius, (See Smart's Stellar Dynamdos for the
derivation and discussiom), However, it is considered that NOC2547 posesses
moither sufficient density of population mor spherical symmetry to wmake .
those computations of any real valus.

In praotice our density funotion £(r) is determined in the forn of &
histogram, as shown in plate III,

A series of conocentrio rings whose diamsters suecessively inoreased
by sbout 1,3mm was drawn on cellophane paper. These were also divided
into quadrants to mke each ocount shorter and so less susceptible to
errors arising through fatigus, A total of twenty-seven such rings was
fourd sufficient to cover the photographio platss From a study of the
Scizidt plates it was dsaided to adopt as the cluster centre a position
half-way Detween the stars 44 aml 30, The grid was then superimposed
on the photographic plate with its centre in the position given adbove
and the two seocursly taped together; after which they were vplaced om a
viewing bax having a transparent screen lit from the rear dy an electric
lamp, The counting wes deme through »n elementary compound mdcroscope
mgnifying shout twentytimes which could be held in the hand but
steadied against the nlate with the help of an encasing tubes The nuwber
of star images ying between sucoessive pairs of rings was then oounted,
¥ but no attempt was made to classify the ocounts aocoording to ¥is stelkar
magnituds, In the case of the brightest stars a correction was
estimafed to compensate for the fact that the size of their images must
cbliterats sore of thc faint star images near them plus also a correcy
for the finite width of the rings themmelves, The grid was then removed,

and the dlamoters of the rings msasured on a travelliny  -CF0RCOPe.

The measurement: 1in centimetres vweore oonverted into miputes of arc

argal
wsing & plate constant of 30".64 to the millimetre. Pimlly, the

/density
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density of stars per square minute was computed for each pair of rings.
The results are shown plotted in Plate IIX.

‘A hrz.d:grooet the scatter in this histogram is dus to the spiral
structure of the cluster mentioned above, but the marked drop in density
at about 31'.5 from the centre may well be dus to an interstellar cloud.
From the histogram we deduce the following constantsie

e Y
K *® 0.97 & .03 stars/sq.mm,
f(r)dr = 43.8 502 stars/mm

Substituting these results in equation (1), we get:-

N = (37 x 3.42 x 43.8) = (3.242 x 37° x 0.97)
g 919 & 96 stars

Singe we are interested only in estimating orders of magnitude, and
also to partly compensate for those cluster msmbers fainter than mpg = 17,
we shall adopt & cluster membership of ~1000 stars.

It is _thtting to note that Trumpler finds for the value of the
cluster radius only 17'. A distance modulus of 8%.1 places the cluster
at a distance of 417 pe, so that an angular radius of 37' corresponds to
a spacial radius 4f 4.5 ge. Hence the volums of the cluster (= é‘rr-r) is
sbout 383 eubic parsecs.

To estimate the total mass of the cluster we have to make use of plate
IV, showing the mass-spectral type function®™ and plate V, showing the dis-
trivution of spectral types among sixty-two of the brighter stars NGC 2547.

From this we find that these -nty-m stars contribute & mass of about 200
solar masses. The remaining 900 odd stars must all be later than type Go,
and for these we may adopt a mesan mass of about cue solar mass each. Thus
the total mass of the eluster is of the order of 1100 solar mmsses, and its
average density ( ® .“.’3.""_}..?"_; ) about 2.8 solar masses per cubic parsec,
This result will be used in later discussions.

x This function is taken from Hynek's “ASTROPHYSICS", p. 466.
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CHAPTER III,

| FPhotometry,

The main instrument used in the actual photmetry of NGC254L7 was the
21+‘ inch refractor, both photoelectric and photographic photoptry being
undertaken with it, Three-colour photoelectric observations were made
on sixty~seven C.P.D. meabers in the cluster, and these supported by
taking photographs through suitable filters, which were latsr photometered
on the Royal Observatory's Schilt photometer.

The instruments and proocedures used were those which are in routine
use by the staff of the foyal Observatory and have already been very fully
desoribed slsewhere ". Accordingly, only a brief outline is presented
inre. ' |

 The photomiltiplier tube at present in use iz an K MI, tube, type
5659, It has eleven stages (dynodes) operated et about 115 volts per
stage. The output 1s fed by co-axial cable into a D,C. amplifier of
fairly conventioml design, after which the amplified signel is recorded
on a Brown potentiometer. The latter hes a ten-inch chart driven eleotric-
ally on which a pen desoribes a line whose height above the zero mark variea
ligearly with the energy input from the star (the photo-multiplier and
amplifier being .ﬁo 1inear). The P.M. tube 1s so mounted at the foocus
of the telescope that it wvbo uud_ in eonjunction with various filters
- and ddaphagms, There is also a means whersby the diaphragm may be
viewed throggh an eyepiece to check that the star is correctly centered
in the diaphragm, ~ The diaphragm in constant use throughout this work
was 1.5 mm in dlameter, equivalent to about A6 seeonds of aro, This
was larp shough not to require adjusting of the foocus for chromatic
aberration when changing £ilters,and also to accomodate blurring of the
imge camsed by seeing conditions. Te three oolours in which a star
was photomstered were blue, yellow and ultra=violet., and@ for these the
following filters were employed. For the blue, a 2mm Sehott BGI2 in
oconjunoction with a G0 13 to remove the ultrawviolet, for the yellow an

/ Omg
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Omag 302, and for the ultra~violst a Corming Glass 9863. The latter is
thought to have a slight red leak to the red of 6600 A-U., but aince the
star's photometersd were all bluish and the tube sensitivity is very low to
the red of 6500 A<U this was ignored. None of the filters have had their
apectral transmission's measured acourately, since these are always
modified by PsMe tube and telesocope characteristics,

Three-colour photometry was also attunpfod photogrephically. For
this the following emilsions and filters were used:
Blve: 3mm on IAZ with GG 13 filter, 2h inch refractor.
Yellow: 30 min. on 10" H.P.3 with W8 filter, 18 inch refractors
Us¥. 60 min. on IAZ with U.V. filter, 2k inch refractor.

The resulting plates were photometered om a Schilt photometer. This
1s o standard photomster (densitoms ter) warking cn a principle briefly
this, The plate is held 1n a movable holder and may be viewed through
eyepicces, The light from a smll lamp, which is run from a stabilized
voltage supply is fooussed on the plate and through to a photromie photo-
ocell, whose cutput is fed to a movinsg -oodl wall-galvancmster, By weans
of a rheostat in the lamp oircuit a reading of 100 dlvisions is cbtained
on the galvonomster scale wher the 1ight is focussed on the plate background
next to a star image, The latter is then quickly moved into the light
beam snd the resulting galvonomster reading recorded. A plot of the log
of such a reading versus stellar magnitude gives a smooth, nearly linsar
ourve, These curves were calibrated by using as standards the measures
of those stars whose photo-slectric magnitude determinations were
conaidered aocurate to better than 0,01 mag. by reason of their internal
eonsi stency. |

In the photo-electric cbservations it bmd been hoped to gbtain
sufficient observations to reduce the prodable errors ium all colours of
all sixty-seven stars to less than + 0.01 mg, Thir was done in the
majority of cases, entailing between three and nix observations per star,
the greatest probable error among the remimdng minority being + 0,018 mag.,
and the overall probable orrbr + 0.8008 meg. The probable error was found
. o
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to be a funotion of the steller mgnituds, rising in a slow curve with
mowrically ncressing mgnituls, These curves were sensibly the seme
for the blue magnituds (b) and the bBlus-ultra-violet index (usd), but
“4n the case of the BDlue-yellow index (bey) the ourve failed to &rop to
s value for the brighter starsy” This is attriduted to the fact that
A0 majJority of cdservetions wére made te the west of the meridam, i.e.
ever Uape Towt and suburbs, in which psrt of the dky there is to be
found a comsdderable amount of soattered yellow 1ight frem street-lights,
sdwartising sigus, etc. In the case of ome star, number 8, the probable
error of the blue magnitude could not be reduced to anything like s+ 0,01
mmg., and 1t 4s thought that this star might be variable in brightness
although not in colowry, Variable .stm are not unknown in galactic
clusters, but are decidedly uncommon, while the evidence availsble in this
case indieates en even mere wnoommen formef light-owve, MAurther dowbt
arises from the angular preximity (33") of star nusber 7, vhose light
may posaibly have eentamimeted the earlier chservatioms, although especial
_ aare was taken te exelude it in the later cbservatioms. The whole
quastion seems sMA1L in doubt, and caly further chservation een decide.
The presemt eeries of cbservations is plotted in plate XIX.

One of the mjor mmamﬂ@mng“umomm photometry
is the compailen. of ono worker's results with another's, lNot only do filter
charaocteristios vary, but so do teleseope optios and electronic equipment,
making transfer equations from one system to another entirely empirical,

_ Tequiring cbservations of ocertain standard stars on each system, Such
observations being to hand, the proosdure usually adopted iz %o obtain
14near squations by least-squarés solutionsz, although such egwmtions

are rerely entirely satisfactory owing to a break dowmm in linearity of a
(w=d) versus (b=y) plot a% sbout spectral type Ao, caused By ultra=violst
sbserption in the Balmer liness In our emso here it has beer fomd
dest to ddopt twoeparameter transfer equations, exeept &n the ease of
the oconversion of the (v=y) index.

'rho ntmdnrd three-colour system whtéh is rapidly eoning ,.te inter
‘ '3
uﬁouluuhthttda‘dmmudlbrm .mbyn, V, U (their
/yellow
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yellow eolour 1s alwost exactly the international photo-visusl ome, hence
the V). Johnson and Morgan photometered some thres hundred stars both
north and south of the squator with precision accuracy, their system thus
being availsble to both Scuthern and Northern Hemisphore obssrvers.
Unfortunately, the observation of these standard stars at the Rayal Cbsere
vatory is not yet complete, and the transfer equations here adopted are
dmd;mm..mmuuwmmwmmm
.mmmmorup“uto.oﬁmmmm However, the equa~
tions used are thesei- |

(.-') - 0091( bey ) + 0.28
(UaB) = 2.94(u=b) = 0.54(b=y) = 4.74
B = b e 0.10(bey) ¢+ 0.20

It 1s to be noted that originally a sero point of = 4.50 was adopted
 for the (UeB) equation, but that this ylslded a mean ultrasviolet redden~
ing for the cluster which was negative (i.e. "blue-ing*), Since this is

PN

a physical impossibility, and the sero-point of the (B-V) equation considered
fairly acgurate the ultra-violet serowpoint was arbitrarily sdjusted by
= 0,05 0 as to make the ratio of the mean exnesses in the ultra-violet
indices 0,72 as determined by Johnson and Morgan,

The results thus transformed are tabulated below:-

EABLB I

Serial Estimated Serial Estinated
Nasber ¥ BY U-B Sp. Type Mo, v BY U-B 8. Type
1. 10,87 + 0,37 +0.,03 Po 34 10.96 * 0.46 -0,19 F6

2. 10,68 + 0.9 - 0,05 TFo 35. 1045 ¢ 0.37 -0.24% Yo

3. 10,08 ¢ 0,47 = 0.06  P5 %. 9.82 ¢+ 0.1 -0.08 Ao

4 914 *0,13 - 0,01 43 Fe 9.83 +0.06 ~0.07 Ao

5 8,20 « 0.08 - 0.64 » 3. 8.38 = 0,05 ~ 0,47 B7

6. 10,65 *0.32 - 0,05 TFo . 10,22 ¢ 0,44 - 0,08  PS

Te 937 + 0,03 ~ 010 Ao 40, 10,95 + 0,50 = 0,01  F$
“6r 9. 63 0,04 -0.05 Ao . 721 =012 =070 B3

9. 1145 + 0,20 + 0,00 A7 42, 10.99 ¢ 0.34 =0.22 Fo
10, 11.38 +0.38 +0.08 Yo 43. 9.27 + 0,08 =017 B

Table 1I Continued/eseevee
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TABLE II (CONTINUED).

Serial Estimated Serial Estimated
Number ¥ B-Y U-B Sp. Type Number V B-Y U-B Sp. Type

1. 8.58 + 0.18 + 0,02 A5 44 6.42 - 0,13 = 0,72 B3
12, 8.99 +0.001 -0.23 B9 5. 10,89 0,21 +0.10  AS
13. 10,89 + 0.3 -0.20 Fo. 46. 10,47 +0.29 = 0,05 A7
4o 9449 +1.04 +1.01 K3 47 7.89 - 0,08 - 060 B8
15, 1014 ¢ 0.6 -0.03 A7 48. 10.85 + 0,53 + 0,06 F8
6. 9.9 ¢0.6 +0.01 A5 A9. B8.41 +0.26 ¢0.03 A7
17, 10.94 +0.39 = 0.05 F2 50. 9e43 ¢ 0,09 - 012 B9
18. 10.78 + 0.47 =013 F5 51. 10,76 + 044 = 0.1  F6
19. 8.7 +0.07 -0.09 4o 52. 9.72 +0.07 - 0.08 Ao
20 10,31 ¢ 0,33 - 0.04 Fo 53. 9.99 + 0,26 + 0.0 A7
21, 9.3 +0.03 -017 B 54 10,2, = 0.05 - 0,68 B8
22. 10,63 +0.33 +0.08 Fo 55, 9. +0.10 -0.07 Ao
23. 10.85 + 0.9 - 0,05 r2 560 10.41 <+ 0.45 0.00 Fs§

24, 9.43 + 1,03 + 1,02 K2 III ? 57. 10.80 + 0.43 - 0,08 F5
25. 9.60 +1.85 >+ 2 ? 58, 10,12 <+ 0,40 = 0,17 F2
%o 10.51 + 0.13 + OO%

-3

59, 10,76 0,00 = 0,74 Ao ?
27. 10,17 4 0,16 + 0,09 60. 8.5 + 0.05 - 0,25 Ao
28, 9.33 + 0,08 + 0,20 61, 8.8 « 0,09 - 0,62 BS
29. 10,69 + 0,16 + 0,02 62, 10,75 ¢ 0,35 - 0.05  Fo
30. 9.57 + 0.08 ¢ 0,02
e  8.56 + 0,05 - 0,29
32, 8.87 - 0,02 = 0.26

330 8.11 + 0.01 - 0026

9.92 ¢+ 0,09 - 0,09 Ao
6‘. 10099 * 0.,9 - 0.14 F2
65. 9080 + 0.09 - OON Ao

EE 855k
»

66, 10.84 + 0.45 C.00

S

67 10,20 + 0.09 = 0,21 Ao

The magnitude given is the median onae.






The magnitude given is the msdian one.

The spectral types were eatimated as follows. Theres wsre available
the spectra of nine stars (obtained for radial velooity measures), from whieh
the spectral types pf those stars were dstermined (by Dr D.S. Fvans). From
the tables of mean colowrs published by Johnson and Morgan ° the colour
excesses in the yellow index of each of these stars was determined, amd the
man of the nine values applied %o the remaining observed (B-V) indiges.
Since this index is a single fumction of szpeatyal type , an estimte of the
latter may be mde from it, using the mean values of the eolowrs given by
Johnson and Morgan. All the {ypes in tabls II are of luminosity cla ssV
except number 24, which appears to be of olass III. JMagnitude and the
(U-B) index have been taken into asoount in defining the type more closely,
and this has given rise to difficulty in olasaifying stars such as numbers
26 and 59, where the two colour indices givem widely divergent results. 1In
genersl, the (U-B) index has been subordinated, sinee the coefficient rmlti-
plying (u-b) in the transfer equation is largs, resuliing in a magnification
of any ama 11 error in (u~b). In general, any estimate of spectral-types
given above is not to be relied on to more than say + 2 mub-glasses.

Star 25 appears to be either a highly roddened gsdmt or one of peculiar
spectra 1 type. In either case, its proper-motion shows it to be a none
oluster member.

The frequency of oocurence of each speciza l-type smong these bright
sta rs 1s shown plotted as a histogram in plate V. It has already been used
in chapter II to estimate the mass contributed to the cluste:r by these stars.

Plots of magnitude and tie two colour indices against each other ave
show in plates VI, VII and ¥III. TIlate VI is the usua 1 magnitude-ooclour
array, equivalent to a Hertssprung-Russel diagram., The dettsd curve
represents the mean position of Ahw Johnsom and Norgan's standard array
displaced by 8.5 mugnitudes. It would seem best to adopt 8.4 + O.1
mgnitudes as the =pparent distance modulus. This hac atill to be corrected
for general absorption which we derive from plate VIII, the eolowr-colowr
array, vhere again the dotted ourve represents Johmson and Morgan's standard
dis play. ‘e £ind the mean reddening in (B-V) from this to be 0.11
mgnitudes, and adopt a= ratio of genersl to sclective absorption 3.0, as
determined by borgan, Harris and Johnson 20, This yields a general sbsorption
of 0.33 magnitudes, which makes the final distance modnlus 8.1 megnitudes,
Ve now use the well kmown formula based on the definitien of absolute magnituds
X and the %u»nm daw;

m-M"51g -5 TRATE B850 IRRASICHTNE e
Thms 8.1 a 5 log r =5
or r =417 ¢ 19 pos,






This is a good deal nearer than 'l‘nlphr'l"' estimte of 690 p.a. It
yields a value of the general absorption as 0.79 mag./kpe (visual) whereas
Tmnphr"' found 0.67 mag./kpe (photogrsphic), despite the faot that the
photographic (blue) absorpticn should be greater than the visual (yellow).

Of the two stars on plate VI at about Be¥ ‘s +1.00 only one appears te

be a cluster mexber (from proper-motien oviteria). This star, 2, we omn only
assums to be a gidnt,since an enormous amount of reddsning would otherwise b

raquired to acoount for its displagement from the mainesequence, none of
which is exhibited by tho:?; stays neay to it. However, in 2 recent papu"‘2
Johnson and Sandage point,that in all clusters s0 far studied, those
sontaining yellow gadnts have the min sequence always sbsent for absolute
magnitudes brighter than the gaint sequence w=—— o eondition not
fulf1110d in this case if 24 is a gadnt. Sinoe this would profoundly
affect current ideas on stellar evolution we must point out the necessity
for obtaining s spectyum pf this star to make certain whether or not <f
it 4s a g'adnt. )

Two other peculiarities are evident from plate ¥I. One iz the
failure of the brightest stars to rise above the standard main-sequence, a
phenomenon observed in nearly all clusters and also predicted on current
theories of stellar evolution. The other is the large number of stars whieh
lie above the main sequence between B~V = 40,2 and +0.5.

The magnitude=colour array is the locus of "constant tims ocutting
across the individual evolutionary tracks of the siars. Briefly, cuarent
theories 2*17 expect first the hottest atars to alowly riss above the
main sequence and then Move much more repidly on a horisomtal {rack across
the iagram into the gidnt region, from where thoy onse more slowly rise
into the super-gsént regiom. Thus a cluster's H-R diagrem gradually
alters, the mein sequence peeling off from early to late type and moving
inte the gadnt region, until eventually we have a diagram similar to that
of %67, where nearly all the stars are on the gadnt sequenoce. Accordingly,
the tendency at .present is to interpret a cluster's HeR dlagran as a conditiom
of its age. On this basis, NGC2547 would appear to be about the age of
the Pleisdes, say 5 x 10’ years. However, the three peculiarities of
its magnitude-colour array, viz. the preskence of a gMnt fainter than the
brightest main sequence stars, the fa ilure of the latier to rise off
the standayd a rray and, thirdly, the large number of fainter stars
which are above the standard array, would appear to ogantrediect the above
evolutionary theories. It may also be of significamce that all those
stars lying furthest from the standard axray (exoepting those at
B-V = +1.00) appear from their proper motions #¢ definitely,beleng to
the eluster.

Plate VII shows another magnitudemsolour array, in this case
employing the ultra-violet index. As indicated before, the latter index

/is
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is considered of lower accuracy than the (B-V) index, a view which seems

to be borms out by the luxger soatter of this arrsy. Aocordingly, omly

two pecularities are pointed @nt. They are, firstly, the W density

of poimts all to the left of ,standard array at sbout V « 10.5 (reddening
would tend to displace tlmm to the right), and, sesondly, the fact that all
the stara forming the very steep sequanse between Usl = =,7) and U = B = «,60
all appear to be eluster menbers, although the two at UsB = +.20 and

UeB = 4436 are doubtful mezbers., There seems no likely explanation of these
facts on ourrent theories.

Pla te VIII displays a plot of the twp coleur indises sgainst each other,
with Johnson and dMorga n's standard arpey Jluperhpoaed. The parallel
lines are the reddening lines (i.s. the traek of stars of same spectral type
but increasingly reddaned) for each speotral type, as detérmined by Johnsom
and Morgan. The hoxisonta 1 portion of the surwe is caused by ultra-
violet absorption in the Balmer lines, which becoms stiong in the A-type
stars, There are seversl interssting pointa exhibited Ly those staxm at
the top of the diagram. The two stars at the top and farthest to the left
are doth almost without doubt of the typs B3V, yet both lie considersbly
sbove the indigated reddening line for B3 stars. The posaible
explana tions for this would seem to be i) their coloure are ineorrect
owing to either a n error in the transfer equations or obserwatioms,

11) Johmson and Ngrgan's meun eolours for B3 stars are incorreet or

111) the reddening line ia of different or varisble slope. Of these,

the tra nafer equations are certainly suspest - mre so, we fesl, than the
observetions. The error here may be as great as 4 .05 mag. whioh would
ocertainly asoount for the phenomenon. Otherwise we if'eel a reddending

line of variable slope is the more likely explanation, since J. & M.

give as the slope 0.72 + 0.03 over the range measured - an interval

which makes tut small difference te the lines on our diagram. 'rharam
many other atars of less certain type whioh appavently fail tc lie close
to a relddening line.

The other two stars at the top of the dia gra m at BeVa 0.00 and
«0.05 are peculiar in that while they appear to be cluster meubers and
their oclours indisste early B stars, their magnitudes are three to four
magnitudes fainter than the other early B stars. It would seem, therfore,
that they ave sub-dwarf stars, which again appears inconsistent with
present evolutionary theordes. |

It seems indigated by the diagram that those atars which lis high

sbove the standard array at about B«V = + 0.4 may be highly reddened BS

or B3 stars, but this seems improbable in view of the fact that they axe fair-
ly evenly distributed across the cluster anc nowe of the other stars near
them are so highly reddsned. This would require very localised patches

/ot
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of very high absorption -~ a differential effect which seems unlikely,

Pioally, in plate IX we have the application of the cbservations to

Eggen's thesis 7

The broken em'nl are thou which E‘pn ﬁcrind for tha Pleud.l, truufomd

- tlnt thoro oxi-t- a fine structure ot the uin sequence,

to .Tmnm md mn'- system by plotting hi- FPleiades obnrnti.onn against
theix"l. As shown by the diagram, the result appears inoonclulivo,
especially since both curves and points have been transferred to a system
other than these in wvhieh they.ere originally observed. Nevertheless,
Rggents curves might be made to fit with only moderate uﬂiﬂﬂtﬁm-

To lhow thlt the letttor of thcno ugnitud.—oolour trrl.yl is largely
ruJ.. we need only to use the results of chapter II with the distance
mMu. It we mmr tht elumr spherically symmetricsl with a
aunltor of 10 pes and di-hnt 420 pos., then, using the usual
approximtions to Sotal &ifferentials:

m=z M+slegr -5 = M+ 3-"5"03(',"—5'
A %% A+ = ‘:'Ls- b+ = —-—--'Z_i x10 5 0052 way.

which gives rise t0 an almost negligidle scatter on the dlagram.



CHAPTER IV

Exoper Motinng,

.- There were available two photegraphs of NGO 2547 talken for proper-motion
work st eariier epochs. One was im the standard survey made with the
MG selescope in 1893 ;and the other takenm on the 24 inch refreactor
in 1933.

!hn utroguphlc telescope is obe of an ) international set of almost
1W telescopes demd lpooiﬁally for ntromphic work. It is
of 13 inch aperture amd 135 inches focal lenght, which gives a plate comstant
of 59%,8! per wm.  The history and design of beth the astrographioc and 2
ineh Selesoopes are very fully deseribed 3y GAll in ks *Eistory amd
Deacription of the Cape aammy-.

m furthor phﬁu were ttbn on th-u toluoopu af such exposures as
to Q.v' imges of npprctiuhly oqu.l donlity on old and new plates, Ti»
rupoctivo omhim and exposures were:

Amc‘ruphict 20 dn. on Monarch (old) 15 min, on IAZ (ne w). )
Mnd: () utmhl on IAZ (old amd uc')

» ;I’Q is estimbed that the threshold mgnitude of the astregraphie plate is
botwoan mpg s 12,0 and 12,5 , while that of the 2i~inch between 17.0 and 17.5.
Amly, it had been intended to uss the latter plates for determining
the -i;;lutc motions (since mich fainter and henee probsbly more distant
rofmm ltm eould be used), and tho former for determining the intermal
-ouon- ef the clultor. However, after the 2h-inch plates had been measured
an! nﬁu«d. 1t was found that tln u-ultm proper motions 4id not in any
ny W vlth thoss few nlaudv oataloguod. The reason for this appears

to bo as tollm s & not uncowmon phonmon of long-oxpolm plates.

- Dngring wuda a lenghly exposure it is quits proksble that slight guiding
errers will cosur and the stellar images be displaced for short pariods,
although these displacemsnts axe only very slight. Sinoe the displacements
wAll enly be for a short period before the cbssrver corrests the telescope,
only the brightest stars will produce latemt imeges of sufficient density to

/o
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be dstectadle after dsvelopment. Accordingly, the immges of brighter stars

are slightly elongated while those of the faint reference stars are not, the
elongation actually being a f\anction of magnituds sinoce the photographic

image grows with brightmess. Moreover, since the exposure is so long the
dimages are so large that this elonmtion 1s not explicitly detectadle by

the eye, although it does affect the setting of the cross-hairs of the measuring
wicroscops.  Thus, the determined proper-motion is partly spurious, being

a function of magmituds, That this explanation was correct seemed shown

by act\ulli plotting the measured motions against ncﬁu mgnitude, whidh

gave a very eiecp ourve tapering off with faintness of star.

Ultimately, therefore, only the astrographic msasures were used, these
plates being of short exposure. Regarding the differential (internal)
motions little need be said. They are simply the motions of the stars
with respect to their own mean motionm, i.e. the veotor sum of the differential
mwotions is zero. The probable error in the proper-motion (u) is about
+ 07,003, which gives rise to a probable error of several degrees in the
position aﬁslo (), depe nding on the latter's value. (The tangent of
the position angle is the ratio of the components of ., and an error in
one or the other of these alters/-a diffemthl error likely sinoe the
two components are msasured separately and I3 deduced from them, See
appendix II).

The absolute motions were determined using as reference stars eighteen
twalth megnitude stars which are standard stars used in routine proper
motion determinations at the Royal Observatory, that is, their own proper
motions are known and can be allowed for. One further correction must
be applied = that for galactic rotation. This was ld.ndly computed by
Mr lourems, head of the astrometric department at the Royal Observatary,
and was very small, being, megligible in s and +0".003 in A . The
resulting absolute motions were compared with ths published catalogue
values where they existed and the algebraic sum of the residuals found to
be very nearly zero. Finally, a weighted mean was taken of these two
determipations and lntor. Cape daterminations which had been derived by
positioml ltudioi. The weighting was done on the basis of lcnéu of

/iuterval
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interval between old and new plates wsed in a determination ( the base~lime ).
The formils adopted was

Weighted Mesn = 2 Cn + Co +3F

where Gn represenis the later Caps determinetions

. Co represents the old Caps determinations
catalogue)

¥ represents Feruie's determinations.
The probable error of the weighted mesn is sbout & 0%.001.

Table III oontains the values of the absolute motions and their com-~

ponents in Right Ascension and Deolim tion, the former's position angle
snd the position angles and wvalues of the di.fforgnthl motions. ' The final
ocolumn indiocates the status of a star regarding its cluster-mssbership.
The oode is a: Definitely a cluster meuber.

b: Uncertain.

c: Defipitely not a eluster meuber.

?: ABLE III

ABSOLUTE DIFFERENTIAL Cluster

Star - P Vg 3 6 s 6 Member
"001  ".001  ".001 Deg. ".001  Deg.

1 - 13 00 13 270 2 10 .
2 - 20 .2 20 26 10 28 .
3 -1 +1s 2 33 u = .
4 -1 + M 13 302 | 7 8 a
5 -1 + 07 13 @ 13 3 a
6 - 12 N/ ¥ 300 5 6 a
7 -2 00 21 270 8 2% .
8 - 18 -0l 18 268 5 22U a
9 -05 + 12 13 3 u s 2
10 09 +09 13 As 6 4 .
n -2 .2 30 25 27 30 .
2 - 20 + 03 20 29 20 253 a
Bt -13 .07 15 298 ‘& 3 2
u o .12 13 23 2% 68 o
15 -1 + 13 19 313 9 M5 a

‘Table ITT Comtimied/ssseses
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TABLE IIl scoxmm)

ABSOLUTE

ps p ¢
¢ 02 10 281
+ 03 20 ¥ 1p°)
+ 03 o8 293
+13 18 ns
+ 04 18 282
+ 2 28 9
+ 05 16 288
+ 05 13 293
+,04 U 288
.04 04 27
- 13 32 246
+ 05 09 205
- 07 18 248
+ 03 08 293
+ 09 14 309
+ 0 18 23
+ 03 18 280
+ 04 13 289
* 04 10 284
* 02 13 22
+ 06 10 307
- 02 06 252
+ 0B 17 290
* 04 u 288
+ 1 16 s
+ 11 is 308
-0l 09 264
+ 05 17 288
+ 11 17 310
+ 1 73 324
+ 07 U 300

lele IIX Gontimad/...........

DIFFERENTIAL Cluster

M OO W N a0 N O BN H I 2w D w B R wunuww a9

251
305
135
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TABLE 11X somrmmn)
ABSOLUTE DIFFERENTIAL Cluster

Star P I M 0 p P Mamber
47 - 13 + 06 4 296 6 207 a
48 - 10 + 05 n 297 2 109 2
49 - 17 + 13 21 o8 7 308 a
50 - 10 +07 12 305 3 68 a
51 - 17 - 02 17 263 9 210 a
52 - 13 + 04 U 287 9 151 a
53 -1 + 04 12 290 5 58 2
54 - 06 + 06 08 315 5 80 a
55 - 16 - 04 16 256 8 206 b
56 - 09 + 15 17 330 17 165 a
57 - 05 + 09 10 33 8 68 )
58 -1 + 05 12 295 3 ° a
59 - + 03 09 288 4 55 a
60 - + 03 09 288 6 mn a
61 - 16 + 0l 16 274 7 196 a
62 - 14 + 11 18 309 6 321 a
63 - 07 + o7 10 3s 2 135 a
64 - 05 + 11 12 3% 7 59 a
65 - 13 + 04 L 288 1 206 a
66 - 12 + 14 23 308 6 342 2
67 -1 + 16 19 226 1 60 a

SIGN CONVENTION:

+ towards North and East
- towsrds South and West.
Position angle 1t From North through East
Mean value of absolute motion : 0¥01L49 2 020048 (Std. dev.)
Mean value of direction 1 298°






ﬂ: I

© The ueltte end d1fferential wotions are pletted vecterially in
plaves X and XT vespestively, Plate X is useful in deciding whether or
not a star belengs to the oluster, but tho omrt are too great to make
worthwhile the oenpuution of a oommut pdﬁt for the cluster, especially
since conmideredle susplcion has recently been thrown on the classical
methods of computing this; - (NoSe: Trasks which are parallel im space .
appesr to converge to a poiwé in a two-dlssnsiomml projection, Xnowledpe |
of the angular distance of the cluster from ¥his point, plus the values of
the proper wotion anl radial veloaity of the oluster qn@lo the oluster's
parallax %o be compyted). | | |

Plate XI 1» of interest 1 that it showld malw possidle a deeision
regarding the expansioh é€ oontraction of the eluster. Howsver, at a
GuUrsory gl.m th mtiou seen fairly randomly distributed in direction,
Iﬂt m mwm mdl that there is a pr.pon&nm of mﬁm
mdfrmthcoanter, upochny almthoﬁ.noruh ‘l'tnnm
1ittle cv:ldtm that the oloagntion of the clulhr is 1acma.tng apprecia-
Bly. Elemsntary reasoning shows that the time of up-m:.on caloulated
from proper wotions. md. angular distarce from the eantn is approximately
the same as that onlouhﬁod u-ing true adistance nnd space velocitiss,
nnna.m.mror this tim of the order of 7 x 1o*mu.wm¢u.
wxy M pcrﬁ.udm. as was indicated in dupkor III, the
expected age of the cluster was sbout 5 x 107 years, t.e. the expansion
hu been prooseding for only soms one thousandth of the cluster®a lifetime.
It seoms 2ifficult to asbownt for such a phenomsnon, and ene is led to
mispect that etther 4his expamifen 4s spurises and merely a result of a
pomilisr Aistribution of errors in the determined motiors or that the age
of the Pleisdes (from which the valws of § x 107 years is odtained) 4s
a good deal less than is thought at presewt, There are, in fact,
grounds for believing that the Pleiades are younger than this in that the
most luxdnious stars among them have not yet started to move horizontally
agross the H-R ddagram = an coourrence to be sxpssted im a cluster of
this age} bdut it is exesedingly doudiful whether they are so much younger.

Chandrasexhar'’ has developed an expression for the time of
/relaxation
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relaxation (i.e. the time required ¥4 set up a Maxwellian &istridution of
volod.tmuthoelu-hr)#adﬂhr._,znitlﬁulrmitm

= 2. "/nﬁs [
TE’ = 88*',° T 7.3n-0-4-5' oo

where n is the number of cluster mubers
R 4s the mses of a typiesl star
- R 49 the "average” radius of the cluster.

Asoording to this table we £ind for a cluster suéh as ours a value of
%o of 108 years. Sinos we suspédt from Flate XI that such a distribution
of véloatties does not at présent oxist in the cluster, we presuse *hat
the cluster is at 1..n Younger ‘than 10° years,
LR F ¥

A duhrd l‘h!'lil always luhdoc‘hdto two m jor foroes, the first
Mn the Favitational nMon between its menbers holding the eluster
tam. and the seocond aﬁdllfotw due to galactic rotation which
tcnd- to ulrupt thn cl\ator. chnndnukhur hn caloulated feanho shoring
at mt bnd.ty of a cluster the latter force becowes predomivant, cwusing
ih' elulhr L ) bl'.lk ups '0 find for MIC 2547 ‘Bhtt its density (2.8
solar msses /oub.pe) is at least fourteen ﬁs- ‘this mum d-m:lty. but
mtuamzx 105 yoars at its present apparent rate of expansion
this a'it:lnl dnadty 1!111 have been reached aud the cluster begin to
'umw‘

In sonclusion,; therefore, weo may say that awmmmomto
e in & state of rapid expansion, this expawsion i&‘nmmuu
ineressing the cluster’s pawsent eleongation; which we presume %0 be due to
‘an inttial distribwtion of the stars at dirth: The cluster's ages would
seem %0 be loss than a hwndred million years,



29.

SATTRR Y

Redia) v-mxms.

It had been intended to obtain a reasonably reliable vplu for tw
cluster's average radial velocity, and December and January were spent
at the Radeliffe Observatory, Pretoria (where observers are stationed by
the Rayal Observatory who earry out all the latter's radial velocity obe
servations), in the hope of obtaining the required spectra. However,
only & limited tims was svailable for this program and, this, together
with the most rainy summer for eleven years in Pretoria resulted in only
nine spectra being obtained, all of different stars (it is generally
wmtnhmmmmm-wmumﬂmenm
measuwred radial veloeity besomes relisbls).

The instruments used for the cbservations wers the 74 inch reflector
and its Cassegrain spectrographic equipment. The latter has been fully
desoribed by Jacksén in ‘Hatuwre! 167, p. 169, Feb., 1951. Briafly, it
has a collimstor 2i5 inches in dismeter and 45.4 inches e.f.l. which feeds
apaulhlhunmﬁm&’m,hmrmazslsxsmha. There
uaehoMMfmuumtophowmphmrgmmspoetm,Mm
employed in this case being of £3.7 foeal ratiofmd giving a dispersion of
49 AJUo/ma at H . The slit has a variable ‘dekka' (to give various trense
verse widths of a spectrum), the one used here being the "o" dekks whieh
gives a spectrum O.44 wm wide. The star<light may be interrupted by a
prism before the slit so as to focus light from an iron are onto the late
ter to provide a comparison spectrum from which the radial velocity wmey
be measured. The temperature of the spectrograph is thermostatisally
controlled to within 0.2 Ce

The emulsion used for photographing the spoetu’wn Kodak II-a0, a
clean, medium speed emulsion designed for spectrographic work.

The spectra were measured under a Hilger travelling microseope reade
ing to one wicron and designed largely for this purpose. The method of
reduction and corrections to be applisd m deseribed in appendix III,

. Table IV econtains the resulting radial veloeities with their probable

mon/n".n.
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errors (estimated from the comsistency of the determinations from the
various lines). The weighted mean was determined by weighting each
observation with the inverse square of its probsbls error, but omite
ting the result fer star 11, which is peculiarly high, as is its pro-

per motion.
Star Radial Vel. Probable Error
880, 8ec,
s + 29.0 t 645
7 + 5.7 267
1 + 5046 5ed
b ) 1 + 640 3.6
2 + A 13.1
u + 18.7 303
A4 + 347 5.3
4 - 21 7.1
a + 1.4 9«4

Weighted Mean: + 9.4 & 2.3 kn/sec,

Thess values are displayed in plats XIIX.
Finally it may be added that none of the spectyra showed any appre-
eisbls prescence of the inter-stellar Call line at 3934 A.U.



We have carried out a series of oﬁumtions on HGC 2547 and have arrived
at the following results for the cluster.

1)  The olmter s situated near the dark slowd in £ Vela amd differential
shsoryticn effects -.y/ih-ufori/w present,

2) N0 25A7 is & loose slesgated galastic oluster, sxhibiting an
spproximtely spiral structure smong 4ts drighter newbers, Its popmlation
is of the erder of a thowsand mubers, oontained within an average angelar
rFadtus of 37% The estimeted tofal mass of the cluster is about 1100
m msses, giving & mean eluster density of 2.8 nlgr masses per oubie
3) Distanses &A1Y parsecs. and therefors radius k5 mrsecs.

)7 The'eluster appears 10 poNsess obe gadnt mowbers

5) Tw hﬁ”ﬂt Sggen's thesis 4s incomslusive, but wa consider the ebserva-
muhowu with medetn evelutionary theoriss.

6) The eluster has & wan proper motion (sbsslute) of 0%.01A9 per y gar in
& mes direstion of N 298 B

7) Differestial gropsr-motions indiocate an expension of the cluster,
eapecially along its minor axis, which appsars to bave been prooeeding for
some 7 X 10“ymdmtb .xpommu%y s of the order of 107
years, Howsver, the distridutien of velogitiss is probably not
Nexwellian, which iumplies that the cluster is lesa thap 108 years old. It
is fourteen fimes denwer than the oritical demsity at which disruption 1is
csused by galsctic foroes, but should reach this critical density in sbout
2x w? JoarSe

8) The wean radial velooity of the cluster is +3.h kn/see.

-



Reduction of Photeo~electrie Observations.

The photo-slectric observations were made in three colours, namely
ysllow, blwe, ultra-violet, which are designated y,b,u, respsctively,
Although the final sero-point of the observaticns must be determined from
observing the standard stars of the system in which the results are to te
presented, in cluster work it is mtoury to mke these observations a
separate "tie~in® program and to adopt sssondary standards within the oluse
ter for nightetonight work. ¥hus in NGC 2547 fowr sush standard stars
were used, being numbers 33, 38, 5, 43. They were selected on a basis of
being widely distributed across the eluster and also being free of mearhy -
stars. A night's observing program would begin and end with ons of thess
standards, mdnmthirdohow@ﬁmmdmetm ﬁxisbcinémc»-
sary to determine the varistions in and eorrections for absorption of the
starlight due to seeing eonditions. Arbitrary sero-points were adopted
for these observations. Ultimately, the fowr standard stars were compared
with E-region standards and the above arbitrary system reduced to the E-
region system (actually, only b and(b-y)were so reduced, since (u~b) standards
do not yst exist in the E-regions). The transfer equations from the E-region
system to Johnson and Morgan's wers supplisd bty the Royal Obssrvatory, that
for the fu~b) index being based on only a few observations.

A ce?mtiw mst be applisd to the ohfun;um wlglg for the change
in atmospheric absorption with ehanging senith distance « Since this
absorption varies nearly linearly with thc secant of the senith distance (s)
up to nearly all values of s in which photo-electric cbservations are nads ,
this correction takes the formi- |

Cs = Co+ (k1 » k20C0) See Z
vhere Cs is the observed colour reduced to a standard zenith distance
Co is the observed colowr reduced to ocutside atmosphere

kl, k2 are goefficients.

Tables of these corrections have been compiled by the staff of the Rayal
Observatory and were used hers. Sec 3 is observed direstly from a scale
plunbebob en the telescops.

Observations on 8/cesess
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Gbservations on & singls star sre made in the following sequense.
Klue sky (i.e. sky through blue filter), yellow sky, yellew star, blue
star, ultrasviolst star, ultra-violet sky, bdlus sky. It is necessary to
observe the sky next to the star since soms skylight is admitted with the
star-light, and the skylight varies with aximuth and lunar phass. The
observation 1s alosed with the blwe-sky again to detect any drift in the
mwm-; Essh such exposure lasts for about thirty seconds, depending
on seeing-conditions, A times of full mocn the sky brightness my be
8o great as to astually require suppressing the darkeewrrent reading of
the apparatus off the chart ly bizssing the amplifier, so that a higher
§ain my be wsed on the latter to enable grester differentistien between
star and sky-light.

Since deflections on the recording chart asre proportional to
energy input at the telescops, it is the logarithms of the deflsctions
whish are proportional to stellar mgnitule (or, rather, wiversely so).
To avold cosputation, special logarithmic msasuring scales have been pree
pared at the Royal Observatory whish read direstly in stellar mignitwies.

Thus & typical chart resarding of & blue star mey leok thusie

B
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(13 @ and B} Nmum the masuements to e made. Results recorded
at time erﬁhumz& imclude identification mmber of star, msan sidereal
undobnmﬁm.;lh‘wnﬂu. mz-ﬁlnmau. notes on seeing
oconditions, sise of Alaphragm, lanutMQtic_n‘ mmber of amplifier, eto.

The = asuremnts au&”rpi‘uction may then cerveniently set out as shown



STAR

From

GAI¥ S8SECZ

Observing

SID, TIME 1 2 3
Book Measured
on

Chart

(1)

Extim. .
3-2 2.1 b u-b boy

From

Tables

(11) (111) (1v)

GAIN

(v)

Stellar Magnitude corresponding to ampl, gain (from
tadbles) .

b (ueb)? (b-y)?

(v) + (1)=(1v)

(11)=-(4v)

(111)-(1v)

b (u-b) (b~y)

Corrections to
eliminste resi-
tual (adopted -
observed) in

standards,

b (u«d) (b-y)

Corrections
applied to b?,
(u=d)*, (b-y)*

(o¥t)
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AITROIX I
Redustion of Proper Moticns.

A starts proper motion is, ty definition, its apparent sagular moticm
on the star sphere at right sngles to the line of sight, snd is usually e
m:udiummu&awy‘w‘ The msasuremsnt of proper motion is,
therefors, usually mde bty photographing the star £isld at two epochs as
widely swperated as possible mnd then measuring the relative shift betwsen
the initiad) and Jater positions of a star Lmmge with respect to the faimt
background star imagos. mntmwmumwmwh
asswmed so faint and, therefore, probably oo distant that their am angulay
motions are negligidlse 4 limcar shift on the plate can be interpreted as
an angular shift onoe the fooal length of the phetographing talesoope is
knowma

One of the two photographis plates must Lo exposed through the glass
supporting the aaulsion to enable the two emalsions %o be brought into come
tast vhen measuring withous having one fisld of view laterslly reversed.
Exposwres are sush as % produce immges not too large and of approximtely
equal density among corresponding imagos.

The plates are mownted in a measuring wiorossope and clsaped together
in suwch & posiiion as to have the two images ssperated by an arbitrery smll
distance (~lm) in both x and y comordinates. The plates ase, in faot,
mounted on & carriage way whiish ocan move in both cowordinates and viewed
through & fixed xisroscops, the cross-wires in whoso syepioos are movabls
by ancunts to bo read on micrometer drums. The pitch of the latter axe
0e5 mm and anmabla positions to b read o 0,0005 mms The position of the
plate holder, and, thorefore, a star image on the plate, can Do read off
ulllimetre~scales alongside the sarriageway to about O.1 mm. This positiom
is required both for identifiecation pwrposes and also the following reascm.
Sinee the plate-constant is, in fast, slightly variable across the plate
owing to telescope optiss, shrinkage of the gelatin, sto.,, the msaswed
interval between star imsges is parily a funetion of the position of the
image on the plate. This funotion is sssumsd linear, of the form -
ax +ty+e * ° - and having different so-effisisnts for x and y

m'/mnuuuummu
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measUre s, These cosfficients are dstermined from the measures of the
fairnt reference stars and serve also to smooth ocut variations in measure

and motion »of these stars,

As indicited sbove, weasurements are mde in doth the x snd y oo-
ordirates (1.e. the components of an imterval are measured) which correspond
to right ascension ‘uﬂ dsclination respectively, The origin of the co~-
érdimtel is the centre of the plate., Usually sixteen reference stars are
selected per pia,to; four in eash of the qundrantlx (-,4-)‘; (+5+)y (=5=~.),
(+,.~)s Then the computations may eoné.nicnﬂy be set ocut as follows,

(We show only thc coups, for the ref., stars. Those for the others are
mctly‘the same exoept that nw‘the ‘coeffs, are alzvadyrthtem:lnod).

Ist (x,y) be a star's co-ordimates and (Ax , 4y) be the memsured inter-

vals. Shen we may set out the ocomputations as on the following page.



[
Oz 8- A | A'=axehy Kop v gl Ba=A"-4' | p=§(88)
+ Ca; + C,
x Y Ax An &5 A'ﬂ A'x A':‘ Aax Aa v | A fs
- + » » » » » » » » ] »
{ - + ”» » » ) » » ] » ’ »
- + » » » » » o » » » »
- + » » » bl » ] » » ) »
[ + + b » » ] » » v » »” »
»
2 4 + + » » » v » » » » »
+ + » »n ] » » » » » n »
\ + ! » »n » » » ”» » » »
Sumng of Sawmg &
Siest  Fout Liesh Sows
Sums of Suwey ofF
loask  four lask _ fouv
- - » » » » ”» » » » » »
- - » » » » » » ”» » » »
3
- - » » » » » » » » » L]
L]~ - » n » » n » » LI ] »
:
+ - ) »n » » »n » » »n » »
+ - » » » » » 3 » L | »
4 .4
.+ - n n|» » » » » v » »
+ - 3 n 4 v 1 A 3) n ) »n n
S\lh.’ .S’ 5\\\..5 OS’
Sirst  Sour | P By [siest  feur §= Mean Plabe Comstant (un secs. per mm.)
Stame g ot ( Meauns 05’) Suws ok 2 (Epu\\ A - EP"L ! ) " Yeans
losk fousd s , By /) last  fouv |

alZa +E%) + L(Zg.+£y) +8c = (Ths+E M%) and =(ZA'3. +ZA’,)
a(Eny +Exa) + blEys +T4a) #8¢ = (E 00 +E M%)  oud  =(TWy 42 Nyq)
alZo +Ixa) + W (Zys +Sy4s) #8c = (DM +E %) omd = (Z Mys +I Nys)
alx vzaa) # LEgir ) #8e < (24 +T00)  and = (Doy TRy

(1sast-squares) solutions of (1sast=aquares) solutions of
above four equations give And sbove four equations give
Ry By 0.0 L DJ. O

The factor 2 appears in the denominator of the"f™equation since the pitch of the
emicrometer drums is O.5um.



 The dispersfon in a prismatic spectrum is, of cowrss, not constant, and
ome of the best interpolation forwmlas used %o represent it is that of
Hartmann, which reads (- ) (F= Noj .2 Ce -~ (The representation is
improved Af the second braciet 1s rd.nd to the power 1.2, but generally
Abe extra oomputation involved in prepering tables is.justified). Here
A 1s the wavelength, N the corresponding scale-reading on the neasuring
mdcroscope, andc a odﬁltant. depending on the spectral range. Theoratically
) 15 & constant of the spectrograph only.

The actusl measurement and reductiom of a spectrogram may conveniently
be set out in a tadble of seven colvuns thus:

: star atar
N Nr Ne-Npr Corvec. NObs. AN AY

where ¥ contains measurements of ‘both comparison arc lines and stellar lines,
the readings increasing wamerically towards the violet. | To eliminate
personal error the plate is then reversed in the .u:!.crosoopo and the readings
upufod.' now‘ increasing towards the red and their dscimals entered umier Rr,

Permanent tables are prepared, caloulated directly from the Hartmann

formila, having form
X Nv 2 No §

The derivation of the factor £ will be given later, but it is contained
only in tables of stsllar lipes. To avoid possible blends these latter lines

have to be earefully selected according to the spectral type of the star.

Only the decimals of 2N, are entered and it will be seen that these
should be identical with those under (N. = Nr). Owing, however, to the
formula's inexactitude thls condition will not be fulfilled, anml the
correcticn to be applisd to the observed values to yield the calculated values
42 entered under 'Correc.’ for the arc lines. These corrections are plotted
against N, (cbserved) and the corresponding corrections for the stellar

lines read off. Application of these corrections yleld values entered

/under
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wnder mum *, which should, were no Doppler effect preseut, be precisely
equal to the valwes of 2No ealoulated for the stellar lines. Owing to
“4he” Dopplar shifs, however, they will ip gensral et be equal, aad the
aiffevonce (cal.«ods.) 15 sntered WANM. " Multiplication of each
valid” of this by 1its eorresponding facter £ yields the apparent radial
veloedty (A¥) of the star in Xw/asc, The weighted arithmetic mean of the
“AV is adbpied as’ the star's apparent radial velocity.

Caloulation of f1
Weihave by Doppler's prineiple

_—-M‘__‘-—'t 'y-c,
o v = (,Ak\ = _i,AX.AN = _gx_o‘jé AN

I'l'o.d'\'m«w'o &mﬂc& :

By
log (MM + g (N-) = g G
bbotes 1 .J-_)‘_ - ﬂ—« =
\h\a’¥“~c& ] )\'ke‘ + N‘ No °
dh oo de=d L C )
Tha AN N - No (“a"’
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Correction of the Apparent M- m ty:

The radill nlocity of a star so deduced is &n mean radial velocity of
thl atar with rnpoot to tha cbserver durlng the upom of the lpoctogrm
For mrhon pu.rpou- ndhl nlodtiu are \mully u!‘err.d to the m,
and the apparent ro.du! ulooity requires a nu&or of oomcuom bef'ore the
star's helicosmtric redial velocdty is arrived at.

(1) Diurual Correctioni~
~ This correction takes out that oomponent of the veloadty
due to the cbserver's rotation with the Earth,
It 4s ca= -o.t.as - c»‘P’ st e b
i o MPist}th'nradiu-at J'
&‘h the cbserver's geoocentric latitude
t i1s the star's hour angle at mid-exposure
o is the lfar’s declination.

(41) Ammal Cerrwotioni~ o
“nis correctisn $akes cut thet comporemt of the veloalty due to the
Barth's metdon round the Swm I is
Ca = v.conp.oim (o-),)‘ * Ve conp. aba (T=)) L)qc
where - = 29768 ‘L—w’uc
X).p &xe yempeotively the longitude and latitude of the star
© 4a the longitude of the sun.
T 4a the mean longitude of the sun at perigee
¢ 15 the sesentrieity of the Earth's ordit, = 0,01678

Other oomcﬁions my be a.ppiied. including the eorrection for the
observer's motion round the baryoentre of the Earth~Moon system, correction
for perturbatiot;ﬁof thé Earth by other plametsz, etc, but these are generally
eonsidered negligible and cmiyitted.
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GLOSSARY

PARSECS The distance of an objest which would exhibit an annual
parallax of ons second of aré (1 p.ce * 3.26 light years).

ABSOLUTE MAGNITUDES The spparent magnitude which a star would have
wore it placed at a distance of ten parsecs,

.

LUMINOSITY CLASS:  Esch spectral sub-olass may be further divided

according to ths luminosity of the star, which is designated by a Roman
figure after the spectral subeclass (e.g. M5 III, K2 V, ets.,), which
runs fxrom 1 for super-giasnts to Vv for dwarfs. The classification
is nade by comparing the intensities of various spectral linss.

See Hynek's "ASTROPHYSICS® for further explanation,

PROPER MOTION: The angular displacement of a star on the celestial
sphere in one year due to its relative velosity in space.

"ZARLY"® and "LATE" TYPE: Thess phrases refer only to the spectral
type, rumning from O-type to Hetype or later. They do not neces-
sarily imply a time scale.






