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PlllPACI 

Die t.Uoving theaia ha Nell udert.aken priaari11'·u 

a OMerY&t.1oul et'ad;y. AccordinllT, theoret.ical diacueions 

and. speeulationa haft been kept to a Jdn1m, tonmlae 1n aoat 

oaaee being ~ quoted ad references giqn tor their deri• 

....tiou. Sinoe the obaerntional teebniqne und are nearl,1' 

all ill art.andard praot1ce1 the, haTe not 'been f1lll1' deeeribed1 

wb1l8 deaeript.iona ot their Nduet.iona han been relegated to 

It ie a pleuure to record 'Ill thanlca to the aan;r people 

vho haTe ueiated • 1n the oourH et t.hia work. roraost. 
t :.· ,,,-.r 
l -

aong theN 1a Dr. R.H. S\o7, Bfr Ma3••V'• Aetronoaer ,to the 

' Cape, who both suggested the t.ojio aD4 c11reoW the enning 

reNG'Oh, putt.in& at"' d1aponl the taoilit.iea of the :a.,al 

ObaerYawq. 'Die aaoot.hae•• with 1fh1ch tb.1a work ha.a pro­

ceeded 1111n large IINnN due to hie patient. help. Milch 

guidance and help vu obtained tNa tnlttal diaouaione w1 th 

ftl'ioua -ber• ot atatt ot the Royal and ltadelitte Ob881"f'a• 

tori.ea, eepeoial.11' Dr. Enns, Chief Aaeist,ant.1 Royal ObeerY&• 

'-7, and also Prof. IJ'W1n ot Indiana 1Jniwr1it7 • 

.Aabowledpent ia readil.1' made to Mr. Drinr ot the Royal 

ODnnatoJ'T, who went to oonaiderable pains 1n producing Platea 

I and II ot 1:hia theaie. 11n•J17, but vhon tl"Ollble bu been 

\)J' no JIUD8 least, 'Ill gratehl t.banka an dDe to Ill-a. c. nn 

der Jfe"9 and JU.ea I.A. Chan87 tor tnina thia theaie. 

llepariaent of Pbp1ca, 
Un1wni't7 ot Capet.Glib, 

leptea:Der. 19.s,. 
J.D. Jemie. 



8l -4mct"P'eocl .-..1•t fMr.l. qlaolft.ta 'nonONJP -~ 1ll &D\9 JO .-t 
Ol8Ui«l\11t -°'.., mnri atn•.i uqa ~ 81ft. IIO.l,J ,111n •• 

...... 'qO'Jqll ... ,. .. .ntte\~Ul JO spllO'tO dat 111ft. A\ ,.. •• 

eq °' ~ , ... Nd , ..... ~ ·no.to tlalft.1108 e1ft JO \001 Mft. 

.nea :,p,ntff:) 81ft. 8l eclal .,_ JO t:Hld"1. •a.n\8 JO ,a~ tN9Ud 

81f.4. Ul aclrl 4mt (entd on,o-,:,.1 ~ •••l) b.A .t'lrtlll 91A Ill 'P'll'O.J eq 

0\ e.n Netft. 19.A.Oqll pROt~ ft 1.z.01, •au 0\ Noto .t[u.n,•.ncflloo •Jt 

&181ftto ot\W[9J 1III01lll -in. nw \Wlft. 1n1 -a 10 110l\Wft'[dn elf.I. 'PlfflOJ 

9q 0\ .l[qwqo.a:d Ill 8l1'4 Ill ,-'amttd on-,:wl ttlft IIO.IJ' .n1 ,-01 A'(e.n.z 

N1t a.i...-1lto Ol\WC-1 .. N81ftt• .rl'{'AqOtl 81ft, 0\ 80l\0Ul\8l'PU1,UOO 

III •sa O\ 1.181,fttO \8N'NII etn, Juollll e.n ltO'J1fl 1Hplt.li ,-8~8'[d 

~ N9 1.18\fttO Ol\ff'Cd JO ae,:dm.llD "[1t.-J4<l •..-...nto .fttllqO'[J 

•lft. aqi .i•tc•• .l'(cp.ie,.inoo e.n ,-'U11,a etcpµu. ll'P1,uoo .l'[N'e.i 

..l.aA 1N8q11811 JO .l\iond ti.'J~.ndlloo .. 1~ HOO'( .. .l'['[na1l tl4wq 

'•.191,aayo auadoa n ~vdJ•• •all'R._. 'daoJ:l l'PU. •dno.d ,aoou .­

IIIOJ ~ • 1.181,R'[O onowt,! Mft • U~ft'[O .... --""' .... 

.-n llo.lJ ••oa:91,•w , .. en°'.-llff'td •nowtWI 81ft. Pl04V 01, ..-1 
.l'['[na1l NW ~'[O ~ ev. •aey~ P'J9qUO 81ft. ~Oil 1U'e\l 

~ Ol8Ul~U'f ll'p1.UOO ~.nAq \8Cll'(W big •u...-pueft01ft ,e.t 

-,-q • n -'tin n I~ 'l.&a'tt\11110 "' n qou ,... fauoi1,T'[I\Cifod -ll•lft. 

JO .ieqamu pa .l\l8Ullp ~ .. .lq fNl.18\ft.fflCO t"Naud Ul ... ~ 

a'[l\qo'[3 -U, •Ll\...ta '[90,:.D .... \ue.ndcfw .tl•lft. JO .... M4' IM'['[WO 08 

'N81-fttO .n'[llqO'[I •'ft a....-µd'moo aa•lft. JO '8.tl.J eta "ttc:tno.d peo,;rq OA\ 

10 eao °' 11.tO.JUOO A111, re.nud 1IJ iuq 'uon"ln•lnt'[O JO ~·.ta 8IIO'Ja4 

01 pey uwq t(8lqa' 1-.Zo.J pat,nA pa .lDn JO ea •.D1,Rto •-a 
•,181ft.d0\ .141\ft'[D 0\ 8.n\11 

8q\ 3.0J buePD!I, W ·~ pu1I Nin{ 
1
08'[W pa 81ft. UJ MW\I .aeilfll.lCI 

MJ • ~ t(\l'.A edltJ •J.nt Nit Nalft. 1•1ft. ~ '111e1,neo ~ •l NW\8 :,o 

,41nap tna ~ •11. .l:tt'AC 81ft. Ill 118.d i•in S'(N.&N UOl\oedaal aaom 

-..ionua ,ou 8l N8t(d8 trnnteo •lft. uo .....-JO uonnq'µ\\.8W iue.ndda 

tnn. \'81ft. 1":J •tn. •twe.t.N •n• .191,9 .,_ 1• ._.ti ynno Y 
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atln t •· ...... tlll _, ......... .._ .... ue el •••........,. • te 

.... al .... .,. ••• • , ...... ~---····· .,,. ..... _ ... .. 

•. ,1:., ......... -i .............. btldat ...... ... 

.. , ·~ ........... .. ••• ,a.., .. itJ ... - ... -

Tlllt~*" d -. all •• .tnelw .... itl 11111111 ia •••1nl • v.a. !Id.a, 

...._ 1a ,..,1•ar • w aa1."..ir .. ,- ar1s11a, ........ ·<*•• • 
. eloN ..... ~ ., •• , ..... w.a .. -· .. •Jli• ..... 
..- .._11.allt........,. •11111L 1M11I• alll nnu• •ttate 

!.llc'9 an al.lo ta lNt ,._., nan 1ltdAh f\lra ..-,a or •••ocdaU..U 
,..._ ._ ... _... !Jltet nan an aot at •• •'b...S-1>, aaeooiatu, 

11._ a.,..a __. -... a....-. et aq (aaJu1da cJaatua are ruwq u 

-· - - ...... ill c1:la11111'11r), .. _,_., ataU.u.1 ~-· ~ 'lheir 

preper •U.. amt :ratia1 w1-i tt.. n•&l th1a uaooi&U... .A.a 

-.., lie ....... ,.. .... --~ .. ~ ~ oftea 

•• .., ..,. mr true tb& a _. at .... _....._ i-..a a a11ptatioial 

.... of a slar eharl. 

J'lln .... -1 tit .... ~ t.a tlae M 121, ..................... 11 

a...., a nlaU..aldp a.111,.., flnl iJlplleitJ.T 1'¥ ~ _. 

law t111W~ • ••NJJ. 
11 11 1MdJIC a •Jet et uaelata ateJJw -.1-... •taet IPNIHl .,,.... 

SS1llle .. latt. ia not -.tbwu 1111n ...._ it glwa r.11111 te a 

....... n.. ....... ,.....a.al u.. ta ... ....., ... ..... 

-* 111 -~ --.J17 -~ 1r-. ,-u..., .. ,-... ... c..,,~ ....... ... 
' . . ' . " ~ • ' ,1, •.fr ' .. - ..,. • ! ,· ' 

.... ,-u.w ... i ... ) ~ ia .. ti .......... .:a..-~ ... &!~ u.... 
' •• 0 ' • a ' ,, ' o> ;, ~ ,.;,. • • • 

••~ 9", ~a,_.. 4 .Wle:r . 
• / .• ~ ·., •• : < '. ,' • • • • 

••••••, .. ••i.te ..,. ... a.~ et a"1laa- landmrt_., 



................ _ .. , ............. Jdl ••• 

,...._ ............ .__.,,, t1at.,111ta ......... ett.••• 

!Illa -11. •••et•.t atrDN:•11ila Ur (tit - 1,....-r • N ••••• Ir 
.......... ) ........... 11011,tlltll .......... _,., •• ...... ........... . , ..... ). 
aU stellar 111 ,Jatlaa proaat _. 1llaet .... •J.'I of &-1. aa...... llllt 
•• -* ~ at ... WOwt 1114 ktft ., 111ow. ta& II t1111 'INlltat 

tl&\ 1
•• ue two (not ~ ·ti~ INI.Pl,'8W) ...,_ et pept1at1an. 

~ X, ...,r11111 et ••_,.. .-. tit the 011ter reas-a f//l 

sptid plwd•, aaJ.anla ................. u... ... ti.apllp .. 

ol•••s.l .« ....._ laa1ll1aa .lta kdgbtllat atara blue. Populatlan II, 

• -. --.. .... , .1a •••"••• et Hp w1,a1.- ---. ._.. :1n 

~ ......... ... Jillvltir 9luten, ete aD4 pnllOldll m B-R d1ap,ua 

wbo• ......-.t atan are "4. The • i1apua an ~ lllelew, 

'Pop. 1L 

M. 

0 

+2. 

•+ 

, "" S',.T. J "" 
Sp.'T', 

,,·1 £11' 

...__ ta rn•• • laeU.. lllat popdatilll• of 11ae 8IOCID4 _... an 

.i.e.. tball ...... o-r ,'lhe·'tiat.· .... rt011111t .-.,,,_. .. -, • the 

-..u .. t.t· et.Ii ha - ,....i.a ......... et a]tblar ...... 



Ja'flaa • .__ ........ er »•i a.u.n r, _. ... _.. --., .,.......,. 

.... ale tlaUI ............... . 

a...,... ue '~ icJ ..,_,,.. • JCll*Ja._ X • R, 11111 t.• walt 
. a):' 

•-. lbllNtol'9, tb&t •· .._ I.If,- J..a .. ..- WSnlttea o, 
~ at II I S• -..-.. llllt 1-·· lfflllli. 

At •••••t. ~ ...... - .,._ ~ ........... .... ........... ,_~ •..... _ ... ,.., ... ..... 
• ,, , ••• - ...... 1a1 ... f/1 .................... ---· '.fM 

•t1ra ~ 

1. • auat aan in •lutlr· 
z. & "1:atan of &1,ala a.A al.a ..... atara. 

,. as,.t .... ..i,,. 

'f1llt ..... , •••. .i. ---- 11N ta .. ,an .... thllir ..... -

a •• t, • nallll'l _._. (u •••4 to • •u-1-) .....,.. a 

Ual.W •2-1 et .... • ·. Dat Ilda ,ta•_ la.111t M .._ • 1111 -1.Yaia 

ot 'lbldr ~ an&.aa ~ ~•l wlNltt.ea, *i4lh Wt.ate• a 

. 1t11w11e!Sw uA •••M:W el .._. ••• ~tt.a. ~ . It _.,lt - a 

•••MINe .................... -- ~- & tadv.l'llu 

•• ,. • ..... ~ ....... bid .. , ............................. .. 

al_... wea ... ...,,r •• 1 t~TRad' .._ lU•Uw• ,.._ a t..U,- ol 

•ttl'llr ~. JI ltr ................. ot •• u..z. ~Uoa ia 

.,. -. Mtt•rn•• ia·at.,.. .. -••br•&•t lr,~11 •••ta• 
liatlilr ... ...... ,UIRll- ... U-tl' JmdMd\r• Jllw, - .. 

1-la "'6 ................ - .~ •• ...,Uau i.\ 1a po11iltla 

t41 prlltn l 111tr•ll11JJr.a. ala,rfa •• I \ - the &-1. ~ 1D tbt 
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u peuDJ.e ot oaq one oluater. In b ._ of the pnNDti tblaia 

-·~ i... fllrltlw1'11a tiota1ad 11'1 tu ttae ·aw11a1ai.. an4 1d.tll 
..._ a ..., plau .()a. * •inN.I.Ur of a. n,.,. ••••• in tllla 
.fttt14 of neeazu:, a ...... ~. ~ .... etlw•r bu ~ ••. !Id.a " . __ ,. ".,, ' . 

eluter, Jf .G.c.1,,..7, •-• aeleote4 alDce it,.. a one ot 'l'Nmpler•a 
· 1Dltia1 tan4ft4 el.U'-itt aiti ·:rff ~ ta.aUpt.4 an4 it waa aftlla'bla 
to:ar •J,a121t.tim;a'.tlle -r Mi •IL . •11111 •• 

II wi.U be l'MH•4 that Clllllt ,tr prf.lla tl.lllftallalu·• a oluter w1ll 
u. ia tlll ....... p1ao-..t17., ita • ..... ..,.__...,.. m • tolova 
'bet.q ••-tla.1, 1d.tll tllrae or •n pnterule. Thill hu 'bea .,_. f'or 
Jil025lt.7, '-"• •lHr {v.l ........... 1>i.a, ~) pJaotD .. J.ecmu 
pho_.try cm aewn'1 ot i ta Jlllll!INn 'belag ....,... •t to an a.oou.racr 
(p.e.) of &hut a Jlllatln4tll ~ a aap.ltda. 

Bo MU1trea .t 11111 pa'fita:Houl. abut ~ ~. ·linea haw ....._ 

afilapte4 aiue tbll ...u,nt at.an. fa h .i.ter ue ,-. •t '1pe JJ • 
.._rlbelAtaa, lt hu 1aelll attlllpt.A ti Mtda a u.~17 w.1- '4 1-
n&a i wlooit, ot ._ ..,,.._.. 

, A.a Mt.rial tor a atua,, ~ t'be oluterta .,. ... ._ p:n,pu" •Uou 
, .. ,· 

of b ••ftllV ~~r.t~I _..ra Jia• .-. .......... a Aatrographic 
pbtea with a, •bueU.• t4 '2 ,.._. 

FiDall1', ,_._....,_ la 'f,Uloue ooleun and upoauu and on n.riou 
te1eaeopes haw bffn _.. ot h el.uter aai ita e1U•aealtaga tor tllll 
l*l'PO• ot pepv.l&Uon~e ua atwli• ot \bit .... un.cna, aebulo.t.ti,. 



. 9 • 
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~ t.tda t.heaia ol.uter nan an cteeipaW onl1' • llffial 

~ (tddah inonue with Rich' .laoenaioa), en4 there tell .. hen a 

u., ot iihe• ll\llilaera with their oorreapcmrH.ng • ...,.. in Yariou nu-
oat.alopa•• ahGllld tbl nu appear tureia. 

~u, C.P.D. - cape Photograplde ~. 

z.c. - Cape ZoM C.tal.opt (1900) • 

r.z.c.. - cape faint Star Zone C&talogm (1939)• 

T.llLI 1. 

aer.so. C.P.De r.z.c. z.c. Ser.so. C.P.D. Ji' .z .c. z .c • 
1. -49! lS08 

0 
,,. 1$16 

2. -48. 1479 J6. 1517 S47' ,. 1510 3836 71. UlS S474 
4. 1484 S423 ,s. l$19 S47S ,. Ul3 5426 ,,. U20 3889 ,. 1514 40. 1'21 ,. 1485 ,an 41. U22 '476 
•• 1486 385J 42 • U2' ,. 1487 

. "· 1524 '479 
10. 1492 . 44. 1525 5480 
11. 149' '444 45. 1528 
12. 149' 5447 "· 152"1 3894 u. 1496 47. 1528 5482 
14. uao J868 48. 1$29 u. l4W ., 49. 15,0 S484 
16. 1491 J870 ,o. 1'31 548S 
17. 1499 ,1. 1532 
11. 1S21 52. 1531 S487 
19. uoo "'' 

,,. 1533 3898 
20. lS01 ,m "· 15'4 3899 
21. 1'23 S461 s,. 1536 5490 
22. 150., ,,. 153"1 3902 
23. Uo6 ,,. U,8 
24. U05 3ffl ,s. 1539 3904 2,. 1524 ,,. 1540 ''°' 26. 1509 3879 60. l54l '498 
'Zl. l.SCI! 'W78 61. U43 ''°' 28. 1510 S463 '2. 1544 
29. Uf/1 ,,. 1546 3919 ,o. uu. 5464 64. 1547 
)1. 1'12 ""' "· l.5Sl 3928 
32. 151' 5469 66. 153'1 

"· l.Sl4 5470 "'· 1540 3938 
34. Ul5 



S" • I 3 • • 

" • , 

' 
B 

•• 1 

\,J 

.t . 

. 

' · 

The 

"'Pla.ce I 

• 14-

18 . 

s 
2,1 

• 

•'' . 
17 

.. 
,to 

. 
13 

'i • • 
,, 

II 

.,s-

io 

Cent+ca.l 

•2.~ 

... •11 

i 
8 

.:i.:i. • 4, : .i, 
•:i.7 

~lo 

. 
..&3 

• • 34' 
l2. 

:l+ 
• 
. 
.a9 !, 

.)$ .. 
. 

N 

'Po.,.eior,. 

.n '7 
• • 

·"' 

• +s-

•+o 

• 3f 5"l • . ,, 
•r, .n 

.+l-

4-4 

.+s • ,s-
' 

'R 

., .s-, 
•• ro 

&4-
•43 

:if.I .S-4: 
,2. .. ., 

•GS" 

•5"9 

,, .. 
e&o 

. •4,9 

!' 

o} N G,C H''l-7 



10. 

CfUPTER II. 

General Obsel"Yatio.!'!!!.. 

Plates I and II •how general views of the cluster and its surrounding•• 
Plate I is an enlarget,nent from a plate taken with the 2l,- inch retractor 

of the Royal Observatory. It is a. sixty minute exposure using an IAZ 

emulaion with no filter. The 24, inch retractor is designed tor photographic 
work and has a :focal le~t of aboi1t 265 inohes, giving a plate constant 

of some 30". 6 per mm. It has several companion telescopes on the Sal'llfJ 

pmount1:,g, among them an 18 inoh refr'lotor designed tor visu#\l work, ,tnd 

with this various plates were taken using yellow filters. The 24 inch 
was also \l'led in conjunction with ultra-violet tilter• both for photcnetric 

purposes and to study the surroundings in Ultra-,iolet light. However, 
nothing unusual was round on these :?lates and their sole use wa.s in the 
photometry. .Fuller details of these exposures are given in chapter Ill. 

Since the 24 inch retractor has only a small :field of view ( about 

1i x 1i) and it was of interest to study the more extensive surroundings 

plates were kindly taken £'or us on tha 32 inch Sobmidt telescope of 

.1\rmagh-Dur.sink-&.rvard observatories at their Boyden station near Bloem-

tontein. This very taat telescope takes circular plates of 10 inch 

cU.ameter covering almoet ~ acroas a diameter. We have three plates ot' 

12 minutes exposure on Kodak 10J.....O emulsion, rea.cl:iing a threshold 

aagD1.tude equivalent to prol>ablJ that ot the 60 uin. IAZ exposure on the 

2'4- inch. Tiieae platea are not of the highest quality but this is no way 
al,. tbe obsener• a .fault u the oluater wu unavoid).y at a hiflh zenith 

cU.atanoe when tlie expoaurea were made. 

N00254.7 lies in e.n 1ntem-eating situation. Its 1950 co-ordinates 
bra • 

are: Declination ...i..9• oo• • Right Ascension 8 8 .5, which is equivalent 
to a galaotio longitude of about 23,4. •. 6 and galactic latitude -8 ·.o. 
This places it in the constellation of Vela, about two degrees south of 

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

/uaociatioa 
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usociation or stara'near r•vet--. altboqh it 11 the opinion ot Pret". 

Irwin U.t ffi'C2S'-1 4oea not belong to this aaaoo!a:H.oru A aearoh o~ the 

1952 Yale· catalogue o~ parall11Da reveals that only about two ot these stars 

ban bad their paral.1.Uea .... _..4 (tt ta tntereating to note that r-Velorwa . 
itNU ao.a not aeem \o··baff· a plib1i...a parallax and dnce it is a peoallar 

woU)Rapt •tar lta ·apectrum doe• Mt yield an •••il:, nalatetl eattale et 
diatance), these being tit the order or O-.f» whioh oorreaponds to a ell.stance 

of some 50 pe -'ffrJ' mob lee•· than the dinanc,e of RIO 2.54-7 (aee Oh.III) • 

Thlt olaater is alao intereatinglJ aituated in that it lies oloae to the 

great pp in the Kilq Wa, in Vela beheen the Nee Oros• amdt -Velona. 

\xn actual tact -tlae pp llholfs up on tbt Schmidt plate• as l1ing uout 11° /- ' ./ . , 

to the aouth ... ast ot the cluater, whtob. plaoea the latter somewhat too :far 

awa, to be ot, an, great ftltce in a nua,, ot this intel"atellar dust cloud. 

'!'here a.,:w aneral other ~c olutera nitarer the latter which llboald be 
' l ~-:·-~~-. ~ -

""hr af cloeer a~tention. l!~r, NOO 25/+.7 lies close enoqh to make one 

•••peat ~ P!)asil>le preaenoe, of ditterential. a'baorption within the cluster • 

. - 10 
11M claasUioation ot the Ol11ater on Trwlpler•a system preNnts :JO"a 

1Ug'b.t 44t.('io\llt1. 1he qtaeatioaa ot cluster meli>erabip a.no. spectral types will 

be at.aouued ia l.aw oha.pter•, but it appears probable that the cluster 

baa one adat star .... ita INllbera. Untor1:u-.tel1, no apoctra of thia 

atar (24) 1• aa Jet a.Tdlable 1 and it• cleasitication reat;a only on photo­

metry, Jt certainly does not appear to be main-aeG,uence star, but it a 

gdnt it ha.a ~ remarkably blah ootour-exoess. Its cluster membership . I 
..... well-.ata'bl~ troa the propel"-IIC>tionrriteria. Alao, atlCh a 

_.. would render tbt cluster unique in ha.nag a pint fainter h.n its 

· brlgbeat -1 ..... quenoe ...-.ra { see nollltionary diacuaaioa la ab 

Chapter m)~ B"""8r, aasumlng that thi• star is a aMat, tbe el.••ter la 

to h olaad.tled ·d tJpe 4'-4t.5. 

mo 2'.47 is an 11111sa1.1, thin an4 irreglllar ol•mr, ha'riag a 

ltelll41r · eloa11wa appearanae trannerae to the plaotlo plaat, flit 

-~ •tea tOftl ,n abmt aptftl · ~traeture, tld.1 1Mt1n& ••peelal.11 

IIUIM t.n tlMt fiiw part ti tbe apiral rram .tar 33 through 4.7 an! 1+1 to a. 

/!bi• 



-· 1• ot 1.-ren fNII tbe po111t ot 'fin ot tbt lhibata.ntiat1o1J •r otber-
1 

rue ot •rtal• llllntaa rnearctraa. JlafbrJ'all , ot the lklruan Obaerfttory', 

eia:1• that thcae olueterta whoae lJripte~ •al>era aft ot type O-B2 

all ha.Te either -1.Uple •tar s,st.ema •• a.a the Orion Trapezia er 

•~••• '!'be «d.llteaae et. tblN atar-oh.d.na• ai,t only !.n olusters, 

ta 41.aput.4 lJJ _.,, other ............ J c!U'f'eren• ot om Rb-el.us 

ia not ao great u to uolua the poaaibUity that JOO 254.7 'belongs to 

Jfarabz7an•s class alld doe• abf.'blt theae atar-ohd.a, although it 

aeema doultU'\11 as to bow one,might pro•ed to pl'Oft their real.it, ill 

spaoe. 

It is ot ocnwt.a.nltl• lsereat la a,na.llloal atvclie• to baw some 

estimate of .. . Wal, ...,.. f!J/1' .._.. tol"lli.Dg 1:M ........ ,1 •• , also, .SolM.€ 

iac1#.oation of lta total ••a. ·llarillla u.de an eatilate of the cluter•• 

n.41u, one ia then enaltlH to oc.pute an4 aftl"ap ot;nld.ty tor the 

oluter - a taotar ~ "'11111.l ~ ill •'4mdlllag tbt cl11••I'"'• 

reaiatanoe to c1.i.aruptiD,I torcea. To tbb encl popula.tioa GOIU.lta were 

Wlderluan OIi the photographic (IAZ) plate 1zpoaed tor nsty 11:l.nutea 

~ imll. ~ inob. J, la enta.W tbat ,._ ~ l!bMogaptd.o 

-.pltule on auab a plate atter aueb an aposure ia lNtnen 17.0 am 
17.5, illplylng, t~ore, that the popgl.atlon <led.aced troa· tm,ae eounta 

''-, 

ia only that faot:1.on of the ol\later populaUon wboee appuient -.pitude 

1s 'brigbter ihaa 17.0 - 17,.5 pbotogn.paio. ~, ui.Dg tbe 
m . . 

Butanoe aocml.U!llaf' 8 .1 6tterm.l'IN 1a uba.pter Ill t< this imp lie a that thtl 

Notion of popul&iion tmaa omitted aaat oonaiat of •tan af' usolute 

maard:tua. taiater tban abOlat +9 Pl• l.e. ot t1pe lat.tr tban NJ KS • 

Ko, ot wld.Gb o• W01114 not expeal then to be a •3orit1 in 8'lall a oluater. 

ThtJ are alao the atars ot the loweat mass. 

• llld.n requinllent ot a population 00\lnt tor the purpoae ot 

4ete1'1d.atng oluater ~lat1on a.ni re.Mu• la the detel"ld.nation ot the 

areal demity of atara u a hnotioa ot diatanoe f'Z'Oll the ol11ater'a 

•ntn. Let tbia tun.ti.on be t( r ). Let K 'be the &tnaity ot bac1c­

P'OUll4 •Ian (uauad eoaatant), so that ideally ~ (r) ia uymptotio 

to L llvNw••, la pn.°'1• (f(r) • X) 'beoollaa leaa than the atatistloal. 

/tluotaation• 



TJaen a ..,. • Mken u t.he ftldiu or the 0111.t.er. - Thie 1• Ulutra-

W 1n tig. (11). 

f (,I') 

K 

Q. 

Sis. (;; l 

Tot.al Ana-... .- • f t<r) cir 

• {'t(r) dr - [; cir 
0 0 

•. i;(r) cir - la 
0 

Mean 'ftlue of t(r) .,._ tJaok~ denait,y iea . 

1frY • .-1 F(r) cir. I 

Dist-. oul: r 

Hence, toW maal:tv ot stare 1n elute bl'i&bter than tm.-eahold ugm.t11de s.,. 

I • f{rj x ana of oluter 

• ltrr z rr a2 

i.e. I • 'iT' a i~(r) dr • 11 a2i. •• •••••• (1) 
0 





..,, ,,.. 

It 111 possible to ded.uae the actual apaoe distribution~ star• fl"Oll 

the areal diatl':l.bution by tbe INll'llrieal integration ot Yon Zeipel•s equation& 
R 

<#("1'): ./, L (x1._-1-~)t'1.i 1~1.f'(x)i~)l 

where x replaces our r alton a.Qd r ia the tnllt (ara,S..l) t11at•n• troa the 

oentre, R belna the cluster ra4iua. (See smart•• Stellar Dynamioa tor tba 

dari'ftU.on and diaouaaioa), :ttowwe~, it 1B oona1&JN4 that N00251t,7 poaea ... , 

Mitber auttici9nt denait,y ot population nor apberioal s,-try to ab 

those C0111P11tatiou ot an., na.l value. 

In practice Ollr t.lienaitr hDetioD t(rJ :la .._nd.md in the form ot a 

histogram, aa shown in plate III. 

A aerie• ot oonoenwlo rinaa wbolle tiaater.s s\lOOeasively inoreued 

by a'bOllt 1, 3• 'ftll drawn Oft oellophamt paper. 'l'bt• ftl'9 also 41Yidff 

inlet q•t!ranta to an eaob eotant llhorier ancl ao 1••• su.sceptiltle to 

ttrrol'II arl.slng tbraugh tatip. A total ot twenty.....,.n nob' rings wu 

tould autticient to «wer the photographio plat6. From a study ot the 

Sabad.di plate• it wu fNla.6 to &&,pt u the cluster centre a poaition 

halt ... , ltetwen the •tan 44. am 30• '!'be gi4 was then super111posed 

on the pbotoaraPMo plate with 1 ta oentn in ttw ~aition given above 

and 1111 two seot.11'911 -.pea toaetmr. after which they were placed on a 

nning l>s havinl a tn.naparen aCNen Ut f'rom tbl rear 'by an eleolrio 

lamp. The ooul!ti118 waa dr.Ate tbroqh ,an eleaniu'J' oaapound. ld.croaoope 

nap:ltying about t.rnntrti•• whim cou14 be held in the hand but 

steadie.'1 against th, plate with the balp ot an 4'noASing tube. 'l'he IIUliber 

~ star ilap8 1,Ji.i,g between 8ll0Ge8Bift pd.re of rinp WU thtn OOllatedt 

v bllt no attempt •• •• to olaaaify the oaunt• a.OOCl'dlag to 1lit atelar 

llllanitu<!e• In tbt oaae ot tile br.t.ptest atan a OOl'Notion na 

eatimatect to oaaapenaate tor the taot that the size ot tbe:tr bilge• mat 

ol»literate ao:,e at th: taint atar imase• near them ;1• alao a ~"'"'·· 

tor the tird.t,e -.dd.th O:f tbe l'inp tbe•elft•• Tbt pl.4 wu then remond., 

ancl the. 41.aaten ~ the ri.11111 •a2\1Nd oa a travelling m1cro~cope. 

Tm 111&11U1"81DeS s in oeattanre• wre oor1Yerie4 into Iii.maws ot arc 

ftmllr, th, arttal 
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deu1t, ot •t.ara per aqun ll1mi\e wu OOIIPl,ltecl tor Noh pair ot ringa. 

The renlte an ahOIID plot.W 1a Plate m. 
' A lap dep'eei et the eoat,'81" in Ulia histop,aa 1a 4• to tM epi:ral 

e\rlactwe ot t.be olaWI' ..Ucmecl abaYe, bu.\ t.he lllll"Dcl drop in deneiv 

at, about 31 • .s troa the cent.re a,q nll be clue to an intentellar CWllld.. 

Froll the hinogna we dectrlce tbe tollolfing oonatanta 1• 

a • 37' ii. 2' 

i • o. '11 .t .o3 stare/ eq .... 

t(r)dr • 43.a .t. 0:2 star•/• 

hbnitut.ing the• rehlte in eqution (1), w get.a-

l • (37 X ,.l.42 X 4:3.8) • (:J.l42 X # X 0.'7) 

• 919 J; 96 atan 

Sinoe w an intel'Htecl on]T 1n •atiat:.lq Ol"clera ot apitude, IIDd 

al.ao to~ _,...,..te tor thoee oluter •at,era taintier t.hu 11p1 • l?, 

W ahall. adopt a el.WWI" •abenhip of ,vl()()() at.are. 

It. is 1nterea'1ng '\o note '\bat !nulpl.er tinda for the 'Rlue aC the 

elutff l'ld1u cm]J' 17'. A clistanoe IIDd.ulua ot Sll.1 placea the elater 

at a diataaoe ot 417 pc, so that an angular Ndiu ot YI' correapcncla 't.o 

a apaoial rad.1u ot 4.5 p•• Hence the TolUIIII ot ti. cluster (• J1r'") 1a 

abov:, 38.3 oubie J)U"N08• 

To enillate the toul ... ot the ol•ter • have to llllke •• ot plate 

IV, ahOldng the aaa-apeoval type hnoU_. and plate v, aborin& the di ... 

tribu\ion ot epeotnl t.Jpea aaong •ixt7-1aro ot the brighter nan IOC 2547 • 

. Proa t.b18 • filad 11bat '-• ai.xt,'•tve atan contrimt. a -• ot abc,at, 200 

lo1ar waea. Thi HMin:lng 900 odd atara ...n all be laMr than type 0o, 

and tor ih .. w _,. aclc,pt a•• ... ot abollt ODtt aolar 111188 each. Tha 

the total ... or the eluner :I.a ot b order ot 1100 solar ••••, and ita 
total ... 

&"fV&p anait,T ( • Y01. ) a'boll\ 2.a aolar muaea per cubic paraec. 

Tbia l'ffliJ.\ will be uecl in la\e:r diacuaa:S.ou • 

• 
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CHAP!D Ill. 

Tha Min inatru1111nt uaed in the actual phot.lllriry ot N002547 waa the 
21+ inob retractor. both photoelectric and pbotoarapbic photoatr, being 
una.rtaten with it. '.l'hree-oolour pho"°9leotric obaern.tiODB were ma.de 
on d.xtr-aeven c. P.D. namer• in the ohaater, and the• supported by 

taking photographs through suitable ttltera, whim wre later photoaet.red 
on t!Mi RoJal Obsern.tor,•a Sabilt photomater. 

The inatrvment• and prooeclur•• uaed. ...-. tboae wb.ioh are in routine 
UN 'by the staff ot tile RoJal Obaenatory arx1 llaft all'8act, 'been ftl"J 1."ullT 11 
described elMWheN • AOOOl"Cl:1.ngl.1, onl1 a brief outline 1a prennted 

TM pboto-aultiplier tube at pi-esent in use 1s an E.M.I, tulM, type 

.5659, It bas elevea atagea (dfoodea) operated e.t about 115 volt• per 
stage, The output is fed bJ co-uial cable into a D.c. amplifier ot 
tairly 0011n11\ioal ••1.&n, after which the amp1ifie4 •1snal ia recorded 
on a Bron potentiometer. '1'he latter hal.u a ten-inch obart driven eleotric­
ally on -1011 a pen cleeortltea a liu whoN lleiaht abcwe the zero ark var:l.ea 
lillearlr with the e1:19r11 .1npUt troa the star ( the l)hotG-11111 tiplier and. 
amplifier being alao lllleo). 1'hll P.K. tub4, 1• so aounted at ~ f ooua 
ot the teleaeope that it .., 'be u••4 in 0004'unotion with varioua tiltera 

- and cliaph.agms, Th.ere 1• alao a mean• whereby the diaphragm •Y be 

vt...a throqh an .,..piece ~o cheok that the atar ia cor.reotly centered 
in tb9 di.a~ The diaphra&a in ooutant u• threuaholtt this work 
wu 1.s - in 4iarllter, eqld:nlent, to about 46 neoada ot are. 'DdJI 
wu larp enoqh not, to require adjusting ot the tooua tor cbNnatio 

alM,rratton whttl daql~ tiltera,and al•o to aocomodate blurrlag ot the 

la.. oaped by aeeing aonditioaa. 'I'm three ooloun in 1'hiab. a atar 
•• photoatered were blue, yellow and ultra-violet. anC tor tbeae the 

tolloring ftlterrl wen nplo,ecl. For the ~lue, a 2a s.a.ott BG12 in 
oon•ction wtth a CG 1, to remwe the u1 tn....S.olet, tor the rellow an 

lo.a 



o...g 302, and tor the ld.v.-.ioi..t a~ (Uua 986J. 1.'!1111 la"er la 

thought to haft a a]J.gb.t re4 l• to ~ nd ot 6600 A-U •• but ainoe \he 

.... pbolOllltV ....... all. •lid.ah ud ti» , .. NDlliU:nt, 1a ftl'J low to 
' :--; '' " 

tht nd of 6500 A-U. tb1a .- ignoad. No• ot tba tu tera luve ha4 bir 

apectral _....-..aioq'&i •uuecl AOCIVf..tel.J• aiDOe tblae are alwal• 

moditied by P •. M. tt.oe al.ld tele.aoope oban.o~U.oa. 

'lhree•oolour pbotaatry was al•o atte~ea. photographioally. For 

this ,he follodn.g •mllliona and ft.l tera nre 11aecl.: 

Bluea :5mlll on !AZ with 00 13 filter, 24, inab Ntractor. 

Yellow: :,o min. on fO" H.P.3 with wa tilter, 18 inch retractor. 

u. Y. 6o min. on IAZ with u. Y. tilter, 24, inch retrao\or. 

The naulting pl.at.a wen pbataatten4 oaa a. Sabilt pbotoater. Thi.­

is a. atancla.n\ ~oater (atnaitoaater) warld.ng en a princii;le briefly 

tn1a, b plate i• beld ill a. mv~le holder and JJJlq be Tiend tbrough 

e,ep1eoe•, blight 11-om;a S1all lamp. which 1s run tI"Om a stabilized 

vo1,_., aupplf 1' ttoouailed on the plate an4 thrOQ&h to a. photrord.c photo• 

cell, whoae .P't~Pll,t 1• fed. to a m:,vi11~& -ooil. wal.1-galva.noater. 1'y •an• 

of a rheostat in the lamp circuit a reading of ·100 diTisions is obtained 

on the p1T01'lbllllter Nale 'Whet' the light i• f'OO\laaed on tha pla.te background 

next to a star~. !he latter 1• thAtn qui<?:tlY moved into the light 
. 

ha a.114 tht reaulH.11g pl.ftDDlll'ler reacU.ng recorded. A plot of the log 

ot auch a reading Yeraua ltellar magnitu&t g:lvea a amooth, nearly linear 

IUl"N• 'l'heN ourN:a were aliltrated by u&ing a.a atandarda the meaaurea 

ot tihoN nara who•• pboto...lectri.c -.grd.tude .a.tel'lld.nationa were 

oonai4*re4 aoourate to 'better than 0. 01 mag. by reason ot their internal 

eonaid•DIIY• 

ID the pnoto-elecnrio ob .. rn.ttona it tad been hoped to obtain 

..tticd.eDt olu1e"atiom \o ncluoe tm probable erron in all ooloura of 

aU ahtf~ atara to 1••• tbaa + 0.01 ag. Thir waa done in the -
•3ofl.ty ot .... , entdling between three and nix obsern.1:iona per ata.r, 

the .-1en pro'baltle error among the remdrd.ng minority being .:t 0.018 mag., 
ul ti. owrall probal>le error z. 0.'°°8 -.g. · The probable error wu found 



18. 

to -. a filiotton ot the •naio •asd:tuae, rldn, in a 111• Clll'ft wt•h 

.....S.calt, I~ ajd...-... 1'INe om.w• wie. Nmtlbly the .... 

~ tbt blw ~(ltl u4 t&. 1,1w....iwa...s.e1e1 tna. (....«,). 1tu1 

·t!I the -- ~ ... ...,.11• t.lllllS (1,.f) t11it ..... NJ.e&·te drop to 

thtti 'ft11111t ~ .............. •Ul'8t IC !'ht• ,.. atW'ilnlte4 ff tbe 1'aol .. , 

.. -Jo.H.ly flt ·---ti.o••,,... ...... tlll WHt ~ ._ ....... 1 ••• 

...- Gape .,._ •4 ai11U11ta• ilt wh:lGb pat f//1 tlle Gr tllaft ta to 'be 
. 

~084 a «>lldlmlllle aJIIIIUft ~ aoa,-... 1•U• .J.igb.t t.nm a-t.rer.-Uabt•, 

~. UC-t .to. In the oase ot o• star, DUllber 8, the pl"Obule 

error of the blue magnitude ooul.d not be reduaed to anything like + 0.01 
' ' -

mg.• and it u t~ ~hat this atar ad.pt be Tar.t.ule in 'br.lptnea1 

al'lboqb. not in oolar, 'faria.ble nan ue not unknown in gala-etio 

ol.•atera• b11t are t1ecd.Al41J uaoomcm• while the en&moe uailo.ble 1n tld.a 

oaH :brJlatea • .._ ... •••nn IGl"lftet 1~ ....., _.t 
~ fNII thlL~ ,-dllf.t, (.JJ") et akr ma+• 7 • wtloN liabt 

•1 poaldb~ 1loe ..-..ni•te4 tllll eel'U..i- ••l'fttioaat al--.,i ·Hpecdal 

-..... wu -.. t• a:el.\14' '-t ill b la.tea' ouenatiODk b wtaoJ.e 

...... .._. ""11 b &Mao•• a.ad oa1J ~ •---ti.on .. 6"1.a.. 

'1'be pl'9N ........ ot GDMff&tS.U 1- pl.t'M4. iD plate m. 
' -

0.. ot the mjor c11.tticultieli-;:ooompanying
1

astronomoa.l. photometry 

ia ti. oompeifr of. oao· worker~a reaults ,d:tb anotber•a. Hot only do tilter 

ehara.eleristioa vary, ltd IIO to teleaeope optios and eleotrold.o equipmtllt, 

mald.._ transfer equation• from one syatom to another entirely empirical, _.-----

' rtqutrlna obaern.ti.om ot cettdn atand.trd stars on •aab e7stem. Suoh 
,,~··· ; ,· 

oblNtl"ftttona l>eiag to halld, the prooedm-e uwally adopted 15 to obtain 

linear equatiots• 'tlJ 1e&lt-.qual'$• aolutlon•• &1.thoqll •• eQJsa.ttons 

aft rd91y eat!.Nly aa.ttataotorr oring to a brnl: doam itl 11.nem.t; ot a 

(~) ....._. (l,af) plot at about apecwal tr'* Ao; oiwae& _. t.tltra-violet 

a'ttaerpt:lcm in the Balmir U.m a. In oar •• bn9 ii •• hen f"Mlli. 

hat to t4opt ~- tftnater equations, .._pl in the oaae ot 

tlle o&Mffld.cm ,ot the (11-r) indM. 

... 
~ ata.nclard taree-oolour ay.tn 1it&teh la rapi4l.J OOld.q "to lniler-

J 
1!'-tioMl u .. la that et Jcilmaoa ap:1 Jlorpn , 6noM4 1tJ B, V, tJ' ( their 

,,, 

/re1i-
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(19) 

JW].1ar ..i.r 1a .:a.a., ... '11' •• inuna\lGraal ~ ........ 

-. Y). Jo&mlOR and Norg• ~"" ... t11Ne lnacb.s nara 'botll 

nonll ad aonh ot tbe .....,,. wltll preelaioa .....,., their a.,atlll Uru 

'be!ag &Yatlaltle to ... lfttlaanl aDd .... I'll ................. . 

UDt..-.MliJ, tlHt ......._U. ot tllen nudard at.an at. the lo,Jal .._. 

.. ..,. 1a not ,.., ocmp1ew, a ._ t.raat• ...-u.. _.. adopted ... 

11\ill ot a '\allp0ftl7 nattrn, ..,..s.au,, u Nlarde the MN pof.ala *1* 
... h&'ft - ..... of 1lp .. t o.o, Mlfti ... Sn .... llo'lfler, the ..... 

U.0111 ued are~•-
(B-Y) • 0.91(-.7) • o.as 
(1-1) • 2.94(11-b) • 0.'4,(b-J") • ,.,,,, 

I • It• O.lO(b-7) + 0.20 

l\ 1a to 'be noted. t.bat. or:J.cjnal 17 a aero po1n\ of • 4.69 ... -.,,W 

tor ta.. (U-1) ecruu-, '*' Ula\ thu 7s..lded a .... w1~, nddea-

1.Da tar the elute wbS.ob wa aegatlTe ( S..e. •t,~~.~~). 81aee Ilda 1• 

a~ bpoaibUit.J', u4 the.....,.,., ot tbe (B-Y) ..-uan eou1clencl 

twl.Y ..... i. the llltn-Yiolat ..-..poial .. arbivarll.T ...,._.. bJ' 

• o.o, • u to .... 1h11 nUo of the ... -.a- in the "1.......S.olet. 

1nd1eu o.'12 u ·•~ bT JolmND _. JIIC>rpa. 

flMt "8111.t.a thu tnulol'IIN are ~ beleln• 

fABLI ll 

lar1al laUMW 8eri.a1 leUllate4 
• lliea- y ... .... ... fJpe •• ' .. ., u-a Sp. .,,,. 

l. 10.i'I • 0.71 • O.OJ ,. "· 10.96 • 0.46 • 0.19 " 2. 10.61 • 0.29 - o.o., ,. ,, . 10.,, • 0.71 • 0.24 , . ,. 10.oe • o.,, - 0.06 
,., "· 9.12 + o.u - 0.08 Ao 

,. 9.14 • 0.13 • 0.01 u YI. 9 •• , + o.06 • o.<11 .. ,. 1.20 • O.OI - 0.64 19 :,s. .. ,. - o.os - o.,, r, 

6. 10.6S • O.Ja - o.os ro 39. 10.12 • o • .u • o.oa ,., 
7. 9.71 • o.o, • 0.10 Ae 40. 10.9, + 0.50 • 0.01 ,, ... 9. 6J • 0.04 - o.o, Ao 41. ?.rl • 0.12 - o.,o " ,. 11.45 + 0.20 + 0.01 A? 42. 10.99 + 0 • .34 -o.n ,. 

10. u.,a + o.,e • o.oa ro 43. 9.r, • o.oa • 0.11 19 

,a1e II CoaU...a/u••••• 



(19a) 

TA.BUE II ~COITIIU!Dl• 

Serial Ketillated Serial latiaated 
lmlber y 1-Y V.B Sp. 1)pe hllber y .. ., u-1 ~. Type 

u. s.,a + 0.11 + 0.02 .lS 44 • 6.42 • 0.13 - 0.12 B3 

12. s.99 + 0.01 • 0.23 19 ,,. 10.19 + 0.21 + 0.10 A.5 

13. 10.89 + 0.31 • 0.20 Fo. 46. 10.47 + 0.29 - o.os A? 

14. 9.49 + 1.04 + 1.01 13 47. '7.89 • o.oa - o.60 .. 
1,. 10.14 + o.l6 - o.o, 1.7 41. 10.1, + o.s, + o.06 ra 
l6. 9.94 + o.l6 + 0.01 .\S 49 • s.41 + 0.26 + 0.03 J.7 

17. 10.94 + 0.39 - o.os 12 so. 9.43 + 0.09 - 0.12 19 

18. 10.78 + 0.47 • 0.13 ,, ,1. 10.76 + 0.44 - o.u r6 

19. l.'19 • o.rn • 0.09 Ao S2. 9.72 + o.rn - o.oa Ao 

2o. 10.Jl, + 0.33 - 0.04 ro 53. 9.99 + 0.26 + 0.01 A.'1 

21. 9.» + o.o, - 0.17 B9 S4. 10.24 - o.os - o.68 18 

22. 10.6) + 0.33 + o.oa ro ,,. 9 • .,.- + 0.10 - o.07 Jo 

23. 10.a, + 0.39 - o.o, P2 st,. 10.41 + 0.45 o.oo ,, 
24. 9.43 + 1.03 + 1.02 12 lll? S7. 10.80 + 0.43 - o.oa ,, 
2,. 9.60 + i.a, > + 2 ' ,a. 10.12 + 0.40 - o.17 F2 

26. 10.Sl • 0.11 + o • .36 ? S9. 10.76 o.oo • 0.74 Ao ' 

27. 10.17 + o.l6 + 0.09 .l3 60. 1.56 + o.o, • 0.2, Ao 

28. 9.33 + o.oa + 0.20 Al 61. 8.14 • 0.09 - 0.62 BS 

29. 10.69 + o.16 + 0.02 J3 62. 10.,, + 0.3, - o.os Fo 

30. 9.1'1 + o.oa + 0.02 J.o 63. 9.92 + 0.09 • 0.09 Ao 

JL a.st, + o.o, • 0.29 19 64. 10.99 • 0 • .39 • 0.14 12 

32. 8.87 • 0.02 - o.26 Jo 6S. 9.ao + 0.09 • 0.04 .lo 

,,. 8.11 + 0.01 • o.26 18 66 • 10.84 • o.,, o.oo P2 

67. 10.20 + 0.09 - 0.21 .lo 

.. 
tu magnitude g1.,. 1• the aaclian one. 
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20. 

The magnitude given is the •Ai~ one. 

The spectral types were eati.ated u tollowa. 1'beN wen available 

the speotra of niM ata.ra (obtainltcl for rad1al velocity •aau.re•), from whiall 

the spectral typea pt .._.. stars wre cletendlled (by' Dr D.S. Evau). 1'1'1111 

tlMt tables ot •• eolova pllbllahed 'by JoballOR ana tbrgan l the ooloar 

excesses in the yellow iadex of ea.oh ot theae •tare wu 4eterained, a.ad the 

•an of.' the nine val»es applied 1lo the NJM1atnc o'baened (B-V) indiaes. 

Sillce this index is a single tuaot1on of speetal. type , an ••ti.late of tlle 

latter mq 1- •• fn• it, uiag the mean Y&lM• ol 'ibe •l.ollra Ii,,,_ 'by 

Johnson and llGorgan. .All the '\v'pes in table II are of lum:inodit,. ola aaV 
acept number 2Je.. whioll appean to be of claas III. Mepi·tl&M and it1e 

(t1-B) indn: haw been tum into ana01mt in cieftaiac 1- type mre ol.oaely, 
ac1 this baa giwn rise to ditfioalt,y in oluau,iag stars aaoh u llWll>era 

26 and 59, wh6l'e the two colour indices giftll. ~de~ c1ivergent resulta. In 

..-ra1, the (u..a) iA4ex baa been auboriin&ted, since the coefficient :mlt:1-

plfing (u-b) in the tran.aler equation is larp, reaultina 1n a lllf\Pifioa.Uon 
of any 3ma ll error in (a-It). In general, .my estimate of apeetal.-types 

pftn above 1a not to be relied. on to more than eay .t. 2 au.'b-ol.asaea. 

Star 2.5 appean to be either a highly na&med gdat or one ot peauliar 
spectra 1 type. In either aaae, !ta p~per-w:,tion shows it to be a nou.­

oluster member. 

The trepnay of oOOllrenoe of ea.ah specta 1-t,ype a.mong these bright 

ah. ra 1a ahown plotted u a. histbgram in plate V. It nae al.naq been ue4 
1a chapter II to estimate the :r.na.ss oontribute4 t.o the cluster by these stan. 

Plots of ma.pittlde an4 tLe ho aolour W:loea againat; euh other are 

•• in plates VI, 'fII aci. Y.UI. Plato VI is the ueu.a l llagllitwte-oolour 
al"ft¥, ecplva.t.nt to a Herlsepnng•Rllssel cl:l.agram. !he iiotted O\UW 

repruenta 'tM llllllG poaitioa ot tlW Jo11B.aoa ud ».rpn•a atancl&N ~ 
diaplaced by 8.,5 m.gnitudea. It 1ID1Wl Mell beat to aclopt 8.J+. .t 0.1 

ma.gnitv.dea as the '.J.pparent diatance .nx,wlus. This ha:c.. istill to be correotecl 

r.r general abaorption whioh we cJeriw tro11 plate YIII, the eolol.U"-OOlour 

U'l'q, where a,da the io1.te4 Ml1"'ft apreMnta Jolilulc,a aad Morgan'• atan4ard 

ii.a plq. we tiad u. •an ntdaina in (B-V) from this to be 0.11 

apitudea, and a.dept u ratio of general to aeleotiw abao1"9tion }.O, aa 

••l'lli.ne4 by Morgan, Jlaffia u4 JohnllOft 
20

• Thia ;yielda a pneral abaorpt.1oa 

ot o.,, magaitw!es, whieh ake• the tma.l tiatanoe malua 8~1 mgnitudea. 

It•• ue tbl wll Jmown tormla ltued on the eftaiU. et abaolate -.p1-.a. 

I ancl the tiihene-eq\U.l'e lalr& 

a - M = .5 log r • 5 i1P1 ,.1~at,,atltft. 
Thu 8 .1 • 5 leg r •5 
or r = J+.1 7 .:t 1 9 pea• 
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21. 

Thia 1a a tJIINd cJeal mazer Iha Trt111plllr'•• eatiate ot 6,0 p.o. It 

7ielda a value of the general uaorpt:bm aa o. 79 -.g .. /kpo (visual) whereu 

T:r11111pler• toad o .. 67 •g .. ;kpo (photographic), c1eepite thl :taot that the 

vhotographkt (blu) ai.-.pt1- aho\tl.4 b4t greater than tbe naual (yellow). 

Of the tw9 atan oa plate 'fI at U01tt B-'f ;• +1.00 onq one a.ppean 1le 

be a cl\Wter •aer (trom prope:r-a:,U.. fflt.ria). Thia star• 21.. 1M oan ~ 

usu.a to be a. _.ant,aiw an eDDnmua ....- ot retaen1ng 11ftlA otbl%'Wi.N .k 
n~ired to aooouh.t tor 1h diaplaoe•at fftta t1le aain.-aepme, w flt 

which is esh!bited by 1'Jlose atara near to it. Bew...,r, 1n a recaent pa.per11 
. ....(-

Johnson and s.ntage point A that 1n all elutera ao hr awtia4, tboae 

oontaining yellow pu.ta haw the mi.a eequ ... aiw.,,a UNl1t tor a'baolllte 

nagnitudea brighter tban the gdnt secpenoe - a. eoaaition DOt 

tu.ltillod ill th1a oue it 21+ is a gt.4nt. Since thia WOlll4 protO\ID.41¥ 

affect currant ic!eu Oft stellar &ftl».\ion 1ftt llllBt point out 'Ula nN8Mi'\Y 

for obtaining a spectftu& pt this star to make certain whether or not ~ 

it 1s a ga4nt. 

TIIO other pecnaliaritie• are eviuut from r>late 'fI. On• ia the 

faihre ot tlw brightest stars 1lct rise above the atandar4 am-•qwmoe, a 

phenomenon obse:r¥ed in near~ all clusters anrl also pncli.crtecl on ourrent 

theories of stellar evolution. '?he other is the large n.uaber of stars wb.ieb 

lie abow the main •({UltlMM 'betwen D-Y • +0.2 and +0.5 .. 

The magn1 tude-colc,ur a.rrq 1a the locu.a of· oonstani. tim ntting 

acroaa tl'ie in41vidu&l evolution.ax,- traaks ot the sJ.;ars. Brietly, current 

tbeoriu 
2•1' eJrpect tirst the botteat stars to slow)¥ rie above tbe 

main sequenGfl and tben aon mah •n np~ • a hor.laaata.l traok aonaa 

the diagram into the galat n&ioo, from wbaa thoy onoe more slowq rise 

int.a tbe auper-giAnt regic,A. Thus a cluster\s .H-R cU.aa'ram grdua.lly 

altera. thE- •.in aecpmoe pMling eff:.·tro• ear~ .. to late eype ana mtrdng 

mie the aaut reaio».. \\Util ewatuall_y we haw a diagna aild.lar - ... , 

ot M.67, when near]3 all "118 ate.rs are on 1lhe g&b.t aeqwmoe. Aooo:n'lingq, 

the tendency at .preaent is to interpret a clllster• s E•R dia.gra.u ac & condiU. 

ot ita age. on tbia "buia, JfQC251e,7 wv.l4 ap1•ar to be about the age of 
7 

the P1eiatlea, aq S x 10 para. ar-wr, 11M tllree peaU•r1Uea ot 

1 ta magnitv.a-oolov &r.r.'19", 'ri.z. the pre...,_. o'£ a gad.at taiater than tbl 

brip'lest DJ.a ae~ at.an, the ta. ilure of the latter to rise off 

the standard. a rra;y and, t~, the large nuaiNJ' ot £dater stars 

whioh are abow the etan.dar4 arn;r, llltftl].d appear to CIGlltft4iet ti. abow 

ewl11tiu&J:7 ~rt.a. It JU7 alao be ot aipit't.ouee that all 'tho .. 

abra lying turtbaat troa the standard arrq (e.mepUng tboa• at 
1b 

.8-V a +1.00) appear troa tbllr proper D1Dtions -, cJeftnitelg~beleng to 

the eluster. 

Plate 1'II ahowa anotblr :mapitua.pooloar &l'ft1', m tbia ..... 

eaployiaa tba ulha-Tiolet iaclae ... 1n4ioate4 'befttn, ... latter ... 
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ia oonaW.n4 ot lower aecunq than tba {»-V) iaa.z. a new wh1eh seeu 

to be bol'M Ollt 'by t1a1I J.uwlr aoa:"•r ot ttd.• ~· Jooord5nal,, 1111' 
'11a ~•lari:U.ea an po1nte4ou•• '?bey are, first~, 1al h1gl1 denal1f' 

. ~ 
ot poi.at. all to • left o'l,.ataa4ari. al'l'ltl' at U011t V • 10 • .5 (ntt•taa 
WOlll4 und iG tiapl.Me tbam to tile r.l.&\'lt), ana., aesondJ¥, the taot that all 

the stars to-.ng the ftJ.'7 steep sequerarae between U-ll • -. 1-+ awl U • B • -.CO 
all appear to 1Nt el.Mter mnibers, alt,..... tbe ._ at u.a = +.20 anl 

11-li • +.J6 a.re aoubUul •d>en. tbla .-ms no likaq u:plaatlea. of bse 
fa.ota aa GII.IZ'nllt tbeodAa. 

Pla te YllI cU.api.q. a plot ot the _, oolar taai ... apiaet 8Mb otnitr, 

with. Jolm.eon and Morga ,n' • standard ~ 1ft1Ptrlal)ose4. !lie parallal 

linea are the rea.dcd.D& lines (i.e. the traek· ot s'ta:ra ot same apeotal we 
but incftasingq rea.!Amff) tor ea.oh speetral type, a.s determined 'by Jo:tm.saa 

and Morpa. The honma.ta l portion et the aurw is oaused b,- ul tr.­
'riolet abaorptioa 1a 'tM Balaer line .. wh.toi\ beoca •trea& ia the A-\ype 

stara. Theft are ae"Yeral inte.rsstiag poblta uhibit.d 'b7 tl»• staztl at 
the top o~ tlll cliagraa. !!Mt ho st32111 at 1h11 top and tartbeat t.o tlw left 
an bo111 alaNt witb:ntt aoat ot the type B,V, ,-et botJl lie oonsiderabq 
a.bow int inti.Mted N'Ma:l•a U. tor B.3 • .__. !J&e _poaaible 

explana Uan.<s tor ~ta Y«JUl4 seem • bo i) their colourll ue meerren 
•wiaa to either an el.'l"Or 1n 'the t:nnater ec.p.ations or olJ•rtaU.., 

11) Johucm ulll Mlrgan•a Mun aolou.ra tor BJ stars an incoJ".NOt or 

tU) tlll9 n6laldag 1iM ia et as.tte.-t or ftriable slope. ~ 'lbeae, 

tbe 'lira tud'er equ.a.tlaaa aze ~ 8UQM'I - mn •, we ~ .. 1, tban ta 
obllft'fttiolla. !he ert0r here mq be u great as .1 .05 mag. whiob would 

oe~ l.lOCIOUl'lt tor the pheno.1911DOn. Othezwiae we 1~oe1 a redd«ring 

U. ~ n.riabJ. &lope is tliatt more likeq aplana.tion. since J. & M .. 

si• a.a the alope o. 72 ,1 o.OJ over b range m&S\Q"&td - an interval 

which caD• bat S1ILU ti.tterence 1lrl the lime on our tiagram. There are 

Jaa:r\Y other atan ot less certain \ype which &pIJarentq fail to lie oloae 
io a reddening line. 

Tha other two ata.n a,; 14w to,p at the d:La gra a a.t »-V• o.oo aDd 

-0.05 aft pNaliar in that while they appear to be olwlter r•Dhrs and 

ttwlr ooloura Wi•• hrq lJ atan. their -,,u.tuaea an three to tour 
ap11aliea ttaiater tiaaa 1at •Vier Nl"]f' B ataa. It •ul.4 seem., thilrfttn, 
ttut.t t-,- an ~ aura_. which agd.n appean inaonaiatent wi:tl'l 

preMnt ••lutiona2y theories. 

I't Rema iruH•ted b7 the 41apu. that tboae atan which lio high 

elllow the atanaa:nl al'INI' at about B-V • + OJ,.-,. be highly rea&lned BJ 

or 133 atan, but this Mems impl'Obable in. dew of the tact that the¥ an t.S.­

q •wn.l¥ d:i.atribute4 aero•• the oluter-.. ..- ot the o1her atara mar 

theta are so ~ re.._.4. Thia would reqµire ffJ.'7 looaliaed patcblta 

/of 
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2:,. 

ftmll.r, 1n plate IX w haw the application ot ,hi ol>Mrn.t1ona to 

Ban'• theaia 7 • tllat thin exiata a tine atl"UO't1aft ot tbt •in Mquence. 

1'bt brobn ....,..... an tho• whim. Buen a.rived tor tbt Pleiaaa, tn.naferre4 

to Jolmaon ancl Jforp.111 • ar•t•• 1>1 plotU,na 1'1• Pleiaa.a obMnationa ap.inin 

~bein. A• ah.own by tha Gqru., tbl reaul t appeara iaoonclua1Ye, 

••pNial.lJ ainoe 1,oth CNl"Yea and point• ha.Ye 'been uanatern4 to a ayatea 

other ·tllan -... in wld.* ..,.,. .. orf.pM.lly 46NWt&.. *"9rtMle••• 

._.. .. ..,., 1111h' 1Nt _.. to ftt with •lf ..atate .a.n.•tton. 

To alic. that tae .... ,~rot tblM -.gnttu&t-colour arrar• 1a l.arplf 

real, w ••4 on1J to•• the re.it• ot chapter II w.t.ta tbt at.nano• 

aodallu. It•. oaaata.r thl olualer apaerioallJ a,-tr:loal with a 

as.a.ter ot 10 pea ant. ti.nut 420 pea. , then, uatna tbe u•al 

a.ppl"Glda.tt ... to tc,lal attteft1ltlala: 

= 

:. A""" = = : 



wn at •arllel' ...... 

utJ.oepapld.e tel•••pe iD 189J q&IIII. tllill nller tma aa tile 24 S.Mb l'llltnnar 

la .... 

'!Ila aatrograpbio teleaoope 1• one ot an intenational Mt ot al•n 

ianu-1 tel.eaoope• ae...,..4 apecd.tioallJ tor aatrograpbio work. It :la 

~ 1J 1~ apert\lN anrl 1l5 inobN focal len,)it, wtd.oh Ii••• a plate COH'tallt 

ot ,,... 111h' -. Bia ·Id.at-, aaA 6tdp ~ Mth tlle ub'vpapldo an4 -. 

~- 11eleff0pe8 aft ....., M1J ............ ..., llU b ht.a ..... .., ul 

........... of .. oa,e ••rn.tel7" • 

.;:/ ., '1'. 

!'we hriher plate• were taken OD· tlwN teleaeopea et auoh expoa\11'ea aa 

to glve iapa ot appNd.•telJ equl &tnaity on old an4 new plat••• !la 

' 
reapeotiw ... 1.t.. ancl U:poll\11'e9 wre: 

Aab'OSftpbica 20 ad.a." on •narm (old) 1.5 min. on liZ (ne w). ~.I .'° lllmatea on I.AZ (old aa'l new). 

;It !Al ~ 'Ulat the Uln-14 -.pltlMlt ot tlle anNCft.pbio plate la 

.... 11N a 12.0 u4 12.s , while that ot the 2Wnob 'between 17.0 and 17.5. 

A......,_l.J, it had lMlen iaten&td to •• the latter plat.a tor daterm.ni.D1 
•' 

the ••elute .,tioaa (daoe llllGb fainter and benee probaltlJ mn diatut 

nfffllnoe ,tan ooal.4 1te ..._)), ana. tm tflftlllr tor a.tel"lllnina ti. inteJ.'Ml 

_.1ona ~ the ol.•ner. JIOWft'er• after tbt 2Wnab plate• ha.cl 'bNn meaava& 

ul ~. lt wu toun4 tat tbll reaultlq proper motion• c114 not 1n any 

liq a&ft4t with tlloM '"" alna,, catalogued. '!be reuon tor thia appeal"a 

to 1Ht u tollon, a not 111100 won pbenmaenoa et lona-expoaare plate,. 

· ·· .lJlll'ltw _. a le ... _,. ... it la qdte pra11.-1e .._, a1Scht gu14lng 

..... will ..... - .. atellar .... lHt &aplaoet. f• .... ~. 

altlt-,h tllit• tiaplaoe•at• a19 oal.y wr, ali&bt. Sill• t1w 4iaplaenaenta 

dU oai, lNt tor a .._.. perio4 bd'oze ta ••iwr eor.lf'Nt• ~ teleeoope9 

..i, ._ ~ nan ~ procJaaoe laten •IN ot nt.tt.cd.ent •••itr to 



2.5. 

be &tteotaltle after &mtloP111nt• Aeoord1nal1, the iage• ot brighter nan 

an ali&btlt elongated while tll.oM ot the taint reference atara are not, the 

eloagatioa actult, 'IHdnl a ~loll ot aapltu&t aince the photographic 

lap g;ro,,a with 'brlatlt• aa. lloreover, Id.no• the apoave 1a ao laag the 

lmapa are ao 1arp that tb.1• elongation 1a not expl:lcd.tly c!eteotal,le by 

the eye, althoqh it doe• attect the aettiag ot the oro1111-haira ot the meuuri.ag 

lllcroaoope. Thu•, the detel'ld..De4 prope,....,.ion 1• partly apurl011a, beillg 

a tunnioa fl aapt.t114e, bt thi• aplanati.on wu eorreot ••11114 abowD 

ltJ achallr plotting the ....-.a aot:lona aplnn nellar -anitla48, whi• 
pw a 'ftl"J 1:teep oune taper.I.-. ott with talntn••• ot .tar. 

U1U...telf, tbal"eton, onl1 tbl utrograpbio ........ wen uaed, thaae 

plate a being of abort •po8Ul"e. Heprding the aittennt:lal (internal) 

moticm• little neecl be u.1.a. 'hy an aillply the mtiou ot the nan 

with napecrt to their on aan motion, i.e. the ftotctr aa ot the ditte~ial 

.tlom 1• zero. !he probable eZ'l"Ol' in the proper-motion (,'-() 1a about 

.1 c,t.OO,, wld.Gb atwa riN to a p~ule el'l"Ol" of NYe1"&l clegreea in the 

poaltion anal• ( & ) , atpe natn1 on tM latwr• • Yalue. ( !hit tua-at ot 

the position anal• 1• the ratio ot the 0011pODenta ot f , and an error in 

one .£ the ~ ot 't.btN alters 9 -a cliftenntial error lilr.ely Id.Doe the 

two ooaponenta an lllt&8U1"e4. Nparately and f a.cluoed f'roa them. SN 

appen41x n). 

!Ila abaol'*t 110ti.Ol'Jfl '"" aetenll.ned ulling u reterem • atara eighteen 

twelfth agllihae •tan which a.re standard atara uaed in routine proper 

motion detel'llination• at the Royal OlJNrYatory, that ia, their c,,m propelt 

mtion• a.re bon and oan be allond tor. One further correction •at 

lNt appliecl • that tor gal&enio rotation. Thi• n.a kinclly OOltplltecl by 

1fl" Lourens• bead of the aatro1111trlo department at the Royal Ob•rn.tor,, 

ancl waa ft17 ..i.1, lNting, •aliaible in J'd. and +O".OOJ in /Al' • The 

reaulting absolute aotion• were compared with the publiahed catalogue 

valuea where they exiated and the algebraic sum ot the reaiduala found to 

'be very nearly zero. Finally,~ weighted ••n a.a talatn ot these two 

detend.natiou and later Cape detel'llina:tiona whim bad 'Men cariwd by 
t 

pod.tional atuatea. The weighting n.a done on the baa.a ot len,M ot 

/internl 
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interftl Nta,en old and mnr Plate• ..a ia a _.nd.natin ( that lta•-11• ). 

'ftle tOl'IUla uoptec1 wu 

'fet.ptea. Jfllu • 2 Ora + Oo + ll' 
6 

where Qa-repreNau ~ la~ Cape a.tent.m.ticma 

. Oct NpreNllta tile elf. Cape ~aaUolla 
{oatal.ope} 

1 repre•nt• :Pens.•• clietel"lllnatio•• 

'l'be proltaltle error ot the ~· aean l• uoat .1 O" .001. 

!altle m ....-l• · ti. ftl.•• of \be a1taol11tll mH.ona an4 ~ ..,._ 

pollllllla :la llabt .&aoena:l• Ul1 Deolia Uon. '118 t.,,..,.• • poai.Uoa anal• 

and tllt podti.<>n ,ual•• aa4 nl.uea ot the cU.tte~:lal mtiona. !1111 final 

eol- inaleatea tlMt •••• of a atar repr4S.ng lt• oluwr-a~p. 

b oo4e la a: Dd'irdtely a cl11ner ...... r. 

l 

2 

3 

4 

' 6 

? 

8 

9 

10 

11 

12 

13 

l4 

1S 

lu v .. rta1 •• 

c: Detild.tely not a eiu•r ••r• 
TABLE III 

.ABSOLUTE 
JA,t. tr f @ 

•.001 •.001 •.001 nee. 
-13 00 1, :no 

- 20 + 02 20 276 

- 16 + 1' 22 '13 

- 11 • en 13 302 

- 11 + en 1) )02 

- 12 + (T/ 14 ,00 

- 21 00 21 270 

- 18 ,.. 01 18 268 

-0, + 12 13 'JYI 

- 09 + 09 13 31S 

- 21 + 2l 30 .31S 

- 20 + 03 20 279 

- 1.3 + <YI 1S 298 

+ OS + l2 13 23 

- 14 + 13 19 313 

Din'ERElrrIAL Cluster 
f· 8 Member 

".001 Deg. 
2 101 a 

10 281 a 

14 322 a 

7 8 • 
13 3S a 

s 6 • 
8 259 a 

' 214 a 

11 52 a 

6 4 a 

rt 3,0 a 

20 2S3 a 

4 371 a 

26 68 0 

9 345 a 

fable III~••••••• 
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(26&) 
.l 
1;1 
i 
i' 

Ji 

,.uu III ( COl!IJ11JID) l 
~ 

I 
r AISOLUTB 
!, 

DirfliiiffllJ, Clut.er ., 

' star fit.. ff f ~ f b Neabff 

16 • 10 • 02 10 281 2 161 a 

17 • 20 + 03 20 '¥19 7 267 a 

lS • C11 + 03 08 293 7 98 a 

19 • 13 + 13 18 n, 6 340 a I 
I 

20 - l8 + 04 11 282 1 180 
I a 

21 - 18 + 2l. 21 )19 3 225 a 

22 - 15 + 0, 16 288 3 288 a 

23 - l2 + o, 13 293 2 3C11 a 

24 - l3 +,04 14 288 , 22 a 

25 + 02 + 04 04 'Z7 16 94 0 

26 - 29 • 13 32 246 n 247 'b 

2'1 • en + o, 09 205 ' 1, a 

28 • 17 • en 18 248 10 180 I> 

29 - (11 + 03 08 293 2 104 a 

'° • U· + 09 14 309 ' 39 a 

31 - 18 + 01 18 2'13 7 163 a 

l2 - 18 + OJ 18 280 "'I 'Z76 a ,, 
- 12 + 04 13 289 1 225 a 

34 - 09 + 04 10 214 2 11'7 a 

'' - 13 + 02 13 2?9 6 251 a 

36 - 08 + 06 10 'J(11 8 305 a 

71 - 06 • 02 06 252 9 135 I> 

,a - 16 + 06 17 290 2 l'6 a 

:,} - 13 + 04 14 288 6 100 a 

40 - 11 + 11 16 315 6 20 a 

41 - 14 + 11 18 308 '1 24 a 

42 - 09 • 01 09 264 7 155 a 

43 - 16 + o, 17 288 2 342 a 

44 -u •U 17 310 ' 68 a 

45 - 08 + 11 14 324 9 49 a 

46 - l2 • (1'/ 14 300 l 90 a 

Table III Contirlllad/••••••••••• 



(26b) 

TAU III ( C<JITDDED) 

.dSOLV'fl DlffERDTUL Cluster 
ftl,. f' f B f () Hardter 

,.., 
- 13 • 06 14 296 6 2f/7 a 

48 - 10 + OS u m 2 109 a 

49 - 1? +13 21 ,OS ,., ,OS a 

,o • 10 +<Tl 12 30S :, 68 a 

Sl • 17 - 02 17 26.3 9 210 a 

'2 - 13 + 04 14 287 9 1Sl a 

'' - 11 + 04 12 290 s ,a • 
S4 - 06 + 06 08 315 s 80 a 

ss - 16 - 04 16 2'6 8 206 b 

56 - 09 + 1' 17 330 17 16S a 

57 • OS + 09 10 331 I 68 a 

S8 - 11 + 0, 12 295 ' 79 a 

S9 - 09 + 03 09 288 4 ss a 

60 - 09 + o:, 09 288 6 171 a 

61 - 16 + 01 16 274 7 196 a 

62 - 14 + 11 18 309 6 321 a 

63 - (11 + .,, 10 315 2 13S a 

64 • OS + 11 12 336 7 59 a 

65 • 13 + 04 14 288 1 206 a 

66 - 11 • l4 2.3 ,OS 6 342 a 

67 - 11 + 16 19 326 11 60 a 

SIOI OOllftl!IOla 

+ wvarda lonh and But 

- \onrde South and West .. 

Pont.ion angle I Froll Borth throup last. 

M8an Yalu ot abaolute aot.ion a 010149 ! 010048 (Std.. dtrt'.) 

Mun Yalu or direcUoa I 298° 
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•• 
;.. .. 6Mlfte tlll4 .,......uat lil9IUII• are pt..,.l ~i, ill 

platM t:et tt •••llfflt• 'Platl ·X ·ia \illlllld. in 6tol ...... ....._. or 

..- a nar 'belonga to tlw oluter. ht tbt erftl'lt are too great two an 
'M#tllwtdle thll ......... o• ot a., ....... peUt tor tllll olaat.r, ••PNS.allr 

•lit• ooaata.Nle 1111apiote bu notdl,'lleen thNn on the el.u•1oal 

...._.. ot ...,.1:1.._ .,,_,,: ( ... t ....,. 'Wllldt aN ·,-al1e1 1a apue • 

APS*I" to ...... W a ...... t.• a laa M ...... 1•11 pn3taniaa. l'Mwlecltl 

f/11 ta uphr c1latanolt of .. ei.tff fttllll 'llaf.,a pal.at, pl• tile Yal111a f/1 

ta proper mtloa aal ra4la1 ftl..S.tr ot the elute!' enable t1Mt ol••'• 

pual)a ,. 'be OGIIPtil .... ). 

Plat. tt la tit ~- l.1i that t.t allo1ld.4 lllllllt peaDle a tiNlalea 

l'qartln& ._ exp&Mtoli it'' eentraetd.on ot tht Ill.water. Bowe,.-,. at a 

ell1'110l7.sl~ ti,. mt1ona ... fairly l"llffl1oll11 diatribllte4 in 4ineUOllt 

)at ... _. laa,._.Son .......:1• \hat then 1a a pnpontlnw ot nnioaa 
.:>-::.,·~~iT ,, .. :_ ·."''.\ -~· ·.,- •.,-~} : ·· t · ~ 

outn.r4 from. the oenter, ••peotallt aloq tu Id.Dor aia. !btre ..... 
. ' 

little trri..._ :,tl!aat the elo•U• ot the oluner i• t..lloftu!Dg appreola• 

'bl1. m. ... nbrJ ......S..S ahon that the 111- ot expanaioa -.1.aulat.4 

troll .,.,._ ~1-.-.m\ a.ll,lllle cU.atanoii fl'01I tbt een~ la appradaat.11 

tile .... u that Oll.,ulate4 •iltc aw 41.lll.allae ••d .,.. wloolU..a. 
,, , ~ , . " " . 

ft ft.n4 a ftJm tor th.la tla of tbe order ot 1 x 1~ ,-an, whim la a 

ftlllll'b.blJ aboli l)tll"1o4 wbn, u ,... ind.i•t.4 in ab.apter m, the 
,, ! . ,. ' .' 

. ,. 

•• Nell (Xl'OONalng tor o.i, IIGll9 w thot1AD4fih ot ti. oluat••• 1~ 

It ...- ll.ffl.elllt te ••••' ·IW _. a phn :••••, ana .- 1• 1 ... te 

• .,... ht dtbfto tllll · •P"••• ti arpar! ... u4 111ft11 a re•lt '1lt a 

,...U...·4t~ot ttftiera u·-..a., .. ,114..a·mtt.- w~t tbe.,. 
ot t1te Pl•ia.clt• (,._,mt•·111e,'ftllllt or,• 107 ,-n ta •tw.t> s. 

• pal a.t 1 ... tllll.n ta lllellpl •• ,,..._. !!Illa aa, in raet, 
..... tflr 'beliffl.n1 'hat the Pleiaau aN 101IIIPI' than tld.a ln that the 

mat 1-.niou• nan -. thell haft ncn ,., atanN to ..-. hor1zonta11y 

unaa the B-R ·tiaana - u 011010W110e to 'be expNte4 ta a eluw ot 

thla ... , ., it la u11elinl11 4otibthl 'Wbnber tblJ' an ao mGh ,....,.. 

Cllan4n.aekhar15 ha• &mtloped an expreaaion tor the tm ot 

/relaxats.. 



28. 

relaxation (t..•• t1Mt U.. nqdNa ta .Nt 11p a Kuwalliaa 41atr11tutioa or 
ftloaltlu i• tlle el..-r) et a ei..tu. . ·Ia it• ftnal tOl'll it ftadll 

--. 11 $11 *- ..-er f#,ol.1J11hr ••ra 

•u • ... or, t,p1...i..qar 

I i.• tho •..,....• ~- ot the ol1aater. 

Aeoorat.111 totida table we ftn4 tor a cluter •• a• CIU'B·a Yal• ot 

,... ·ot ftl r•an. st.11oe we •HH! fNII Plate tt that aMb a 41.atrl-.Uoa 

et'...i.-:t1•• a.a not a\ fl't...t edit in the et11at•r• w pftll\Dlt that 

.. cfluder ta at tNit ,-.r 'tbd to1 ,-an. 

~.,tlle lft'd~.•••~ a~on ....._D it• llllllen bolcU.n1 tlMt el.•ter 
••A -"" • ~ ' ' ,. ' • 

t°""*", u4 b NGord a ti.-1. tone c1ull to pl.aotl~ rokttoa wh1llh 

tenda to 41.~pt the ~~.ter. Cba~Jdlar -. oaleulat.4 toN11&e alwdDC 

at whai dnat.t7 of a o111•r '- latter tC'JIW NOGIIU pNcloalaat:, ...S..a 
ic- ' • t -· ~ 

the ~ater ,o 'bl"Mt 11p. W• nas. tor mo 251+7 that it• clenaitJ (2.8 

aolar ..... /•.po) t.a at lean tomoteea ti.111•.tht• criUoal ••ttr, 'bn 

tllat ill a.no._. 2 x 1o5 ,-ra at it• paaeat appaft• rate ot a;puatea 
,. ':' 

thlll -.l.Ueal a.llld.tr .will haw 'bee11 l'9&Clblt4 a..!\ the eltaatler 'bell,a to 

u ... ~. 

Ill ... 1a1 •• ti H ..... w -, -, ... a1,1a • ., .,,.,..., ........ -
~•.I! .. lie In a lltate flt -.,., ......... tibia •,amtoa ... _. ... w be 

i....S.q the - ................ el-aati.a, 1ridAlh 1111 .,.._ to 'N 4lle to 

aa tlll.Ual ~.U. Ill the atara at 'bil'til. !ht 0111ater• • • 1"Mll.4 

•• to 1Nt i.u D11111 a llulftNl tdlltw , ..... 
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:,o. 

enwa (enia.W ma *9 ..,..iltaoy ot t.be detendu.Uou fr• t.bl 

'IU'iowl lJaN). Thi Wipted. IIN11 WU •tvldaed l:ir -~ eaQ 

.... \ion With h iamlrN lq1IU9 ot ite pro\Mlbla enor, 1*\ old.111-

Ung ti. reni, tw nu 11, 1lb1oh 111 panliar:J¥ bich, us.. 1u pro-

' ,., 

u 
:,1 

32 

41 

,44 

4"1 

61 

Rad~al Vel. 
GVeeo. 
+ 29.0 

+ ,., 

+- so.6 

+ 6.o 
+- 4.5 

+- 18.7 

+ ,., 

• 2.1 

-4- 1.4 

The• 'Y&luea are ~ :Sn pla\e xm. 

ProbablAt Brror 
Weeo. 
t. ,., 

2.'7 ,.,. 
3.6 

13.1 

,., 
,., 
1.1 

9-4 

~ 1, .., be added that nona ot the apecwa ••• m:r appn­

eiabl.8 preaoaee of the 1nter-a\ellar can 11m at .3934 .1.u. 



ft hoe oanied out a aeries ot obNl'ftiiioaa on NOC 251,.7 and baTe an1:n4 

at \he toll~ naulte tor the cluster. 
:·( , 1 :_'' 

1) 1llt oJ.•ter ta dtaa...,. IIN.I" tllll taJ't dM. 5.a t!i,: Yela alll ~ 

.... ,.loo~· ~--Jlltte~,- ,... ... 
I) Me 154,7 l• a 1 .... e1-..aw 111,Mllo' olllllNl't ald.ld.Una aa 

......... ..it eplral ......... ...., lta~r •••n. na ,_,_ __ 

1• ot.._ WIii- fl a -...a ..... , .-td•4 wltld.• an ....,. -.,i.r 

a&• et ,r. ., eatiatea'total ilu• fl tbt el_.. Sa dOllt 1100 

s ol-lf P. 
Steller ..... , ...... & ... ....._. tlMi'tJ fl 2.8 Nlar ..... PIii' .. lo 

,....... !"~; 3""~-~;>"!",. ~,~,. 

J) ....... ·ltf'I .................. ,.... ._, pl.J'IIN8. 

~·;1· a.:e&•'9 ..,.,. ..... W ............... t .... r. 

5) 1111 1leat -6 ._..,. tatu i.a 1••••1-,..,., lNt • wi6tr * ••na• 
p--~':t 

1-111 to be J,11111 .. dDle ........... 9"1lwU.oaal'r ~ .. 

6) ~ ..._. IN a•• .-... -'iell (u..i.te) or 0".014,9 per 1 jar 1a 

..... ~otJI2'8• 

7) l)jffeftlJt;IA] ~ 1J"'1oa.te &a -,uaioll of tba oJ.uater, 

•FNlallJ •l•aa iu .... ma. wll:I• app9azw to .llan :t,eea ,Pl'OCIN41Da tor 

... 7 a 1~,..,.. altlaclqb ta '•peoteA oi.+ 1a of thlt order ot 1o7 

JMftlt llo"""81'1 ._ ~ ot vel.ol1U.a. is probablJ not 

lfpllpl+f,u,- wbiab impU.ea iJat ~ o1'18ter 1a lf>d tban 1o8 para olcl. lt 

la 1..-a U.. ..._,. -.n Im cd.tiaal de~ty at whioh 41anaption is 

oa1111l llJ pl,Mtio toroea, but llbolald naeb W.. OZ'J.t1cal &anait1 i~ a'boltt 

2x1~~ 

8) 'I'M •an ra4ial wlocd.lJ ot tba ol11mzo 1a .,.,.. kit' .... 
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Ola14,a-U.. • a •~ ._. a. _.. Sa tbl t.u..1n& ...... . 
.. .,. u .... .., 1laftNp lal.- tilt.), ,.u.. .,, ,en. .... bl.111 

nar, 111~t, star, 'Ill~ ell;r, 141111 _,.. It. Sa ••••_,,. tt 

........ t.ha NJ' MX\ to the .. a1nee ...... JJ.c" 1a adllitW Id.th ... 

--.Ucllt,, .. tile .,.11g1a, w.rSaa .S.tla .... a4 i... ..... .. 

._,.\loa SI eloN4 with tbe ~ a1U11 lo 4neot mr, drl.t\ ill ._ 

awplifta,. 1Mb Nila .,.._. lade fer -'"' 1lldr1f' _GIida, ~Ill 

- .,t ..... ,u... "' -- ot td1 -- •• - 'bript.neaa .... 

eo peat aa to ••117 ftMPd,ft ..,_.._ till duMW'ftll\ reectlag of 

.. apparat,u oU ta 4lban • llk•tnc t.ba &llpllftar, - tilaat, • ,., ... 

p,1a ..., be .... • tbl lat,ter to mule peatu d.Ut.,.tlatd.lll • ._ 

narancl~ 

Si.W ~ • .i. reoONillg ehln ae pr.,.,.\1cm&1 to 

-· iapt1.t ., ........ l'\ 1a the lopl'itbaa of tile~ 
j,.J 

vhi4h are pnpor\ional to nellw llll&lli\ude (or, ftth81'1 --~ ao). 

To uo14 OCNlpll'laU.1 epecdal lecaltlud.e .....__ soalea baw .._ ,... 

pued. at the Royal Obaenatcr&7 1lh1eh ,ud. ~ 1D atre1lar Jdtpd:'111•• 

n.. a t;Jpical oban ~ ot a bl.a star -, 1eok tla'III a-

(2..) y * 

(1) 

J.s:. .B.s. 
(~) 

l 
,r 



(1\ 12>. aa4 C,;., "pll'UI'* thl ........... to 'be ...ae. Beaalt• reoarr6ta 

at U.- of ••ridS.O.. ilJOlua i6tnUftaU• • .,_ ot nar, w.n .s.a..aJ. 

U. el ......._, 8IU f6 uapU.fter, NO Z aale l"9d11t1, ... OD Neill 

eonllttoa., Iii• ot ~, 1a.nUn.oa'10'2 miber of uapu.n., eto. 

;, 

on paae ,_.. •. 

• 



STAR GAI11 SBC Z 
Extlno. 

SID~ T111B 1 2 3 S-2 2-1 b u-b b•J" &ADI b• (u-b) t (b-y)' 

Prom · Obeening Book ••a111:1re4 

I 
on Table• l'4 -

s:: .... 
Chart .. 

'° • .... 
Pt - - -I ~ ... :. .... - - -

(1) (11) (111) .s-; • ' I - - -- .... .... .. 
' - .... .... - .... 

(1T) 
.... _ 

+ -,a. s:: • -, .... ... . -: -. .., .. .. 
0 
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• ,a 

JI .. 
e, 
• • .. • .... .... • ... 

C1J 

b (u-b) (b-y) 'b (11-b) (b-y) 

Correction• to Correct1ona 

e11111nate •••1- applied'° b'• 
dual (adopted• (••b)•. (b-7)' 

obeerve4) ln 

atandarda. 
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•asurea. '.rbeae ooett1c1enta are determined h'Om the meaaurea ot the 

faint retennce atara and aene alao to amotb out variation• in •uun 

and motion ot theae atara. 

Aa 1ndi.-te4 abc:,,e, •uure•nt• an ade in both tht x and , oo­

ordinatea {i••• the OOlllr;>ODIDta of an interral are mtuai'e4) whim COl"reapom. 

to r.l.s,ht uond.on ard deOlim.tion Napeeti'ftly. !bl or.I.gin of tht co­

ordinate• ia thl oentre of the plate. 11aually aixteen reterenoe nara are 

aeleote4 per plate, tour in ea.eh ot the quadranta (-,+), (+,+). (-,•r)• 

( +,. -). !bt11 h CIClllpQtattomi •1 eomr•niently be aet oat a• tollon. 

(We show only the oompa. tor the nt. lR&l"S. Those tor the otlara an 

exactly the same except ~, DOW the coetta. are alreaa, determined). 

Lat (x,J) 1lle a .tar•• eo-o1"'i•te• and (A" , A!i ) 'be the ...... a. int.,.. 

Y&la. . : ••'• -, Mt •• U. GGIIPl'b.ti.ona as on the tollowi ng page. 



A'= K- ll 11' = a...x + .1.. • A":~,,+~, tu.= A~- 4' )A-= f (AA) 
+ c, 

' 

\ 

, 

3 . 

I 

4 

; 

:it ~ A'><. A':1 l!.')t. ff ~ 

- + ,, ')\ JI 11 

- t ') II J) II 

- + >) )) II • 
- + )) I) » .II 

+ + )I I) JI ,, 

.+ + » • I) II 

+ + II II II I) 

.. J.. " .. n II 
s ... _, •r s ....... s or 
f; ... I,, t ... .,. L; •• &. §,.b ... 
Su..Vlillt.l .f- s ....... , .i-
I .. J.. '-··< I.•. I,. , ... ..,. 

- - ,, )) II ,, 
- - ,, ,, 

" )) 

- - I) I) )l II 

- - ll 'l'I ll II 

+ - II )) >I » 

+ - )) ll )) II 

+- - II I) 1) I) 

+ - II ~ 1) II 

Su."""S .r s ...... s oS-

.kr1J fo,.<" it. ~ '-i,u\- L.. .. < 

s ..... s OS- ( MtA14S •~) 
s ...... , •-'-

lc.s~ fo ... .( A)\ I .6'1. t ... ,1:- fo .. .( 

Q.(L:>l1 -t rx.a) + t.(I.!11 +I:'.13) + Sc 

~ (l:>la. + r.x. ... ) + i b: ';\:a. t l: :14) +8~ 

Cl(t.>l.3 +tx+) +- l,.(r.1.3 + !.~4) +-Be. 

o..(tx., +!.x.1.) + i(I: ~· + r:l2.} +8c 

( Leut-.quarea) aobation• ot 
uow toe •ci•ti ... pw 

a.l, 'It,,, On• 

+C.. 

6.">e. 4·~ AAx. AA~ jA,J.. PJ 
II l) II II • ,, 

J II I) ,, 
' JJ 

» lO I) )I • » 

,, II )) • • It 

II .. l) I) JI II 

I) )I J) .,, .. )) 

)I )) )) JI )) • 
)) 11) )) I) II " 

II II ii )\ )I )) 

~ " 
,, I) » 1) 

II II )) II I) II 

II II >) 'II l) )) 

)) 11 )\ )) I) )) 

)I " )) II )) I) 

,, ,. \\ I) n l\ 

.. II 11 I) " II 

5-- :. fl\u.,,, -Pia.~ Co..., ~ .... t (~ sec..s. ei..r ....... ) 
:t (£pKl..L - Eroc.\.. I) ;.. ~~-s 

= (l. A'>1., + [. A1.>t..3) -.J = (r A'~, + L !')3 ) 

= (t. A'x.2.. + t. A'x.4) -J = (I: A' ~a. +IA')+) 

: ( I:'. f1 X3 t t fl' X+) o-l =- ( I: A' ~3 + !. A'l•) 
= (r. A'x, + I: A'x.z.) -.J = (r.A'~, +i:A'~i.) 

(Ltaat-aqllal'ea) aolniou ot 
alton towr •q•Uo• lift 

a.!I, ".:i • ·~' 
!be factor 2 appean in tile dellOlli•tor ot t11e•req•tio• ai•• the pitoh ot tbe 

111 ..... ter a.,.. 1a o.,-. 



.... , ... , 
,; ' 

Appenf!lx m. 

'!'he CU...,......_ in a pri..UO ~m 181 ot ooaJ!lie, not oonatant, u4 

.. ti tileNJG 1.rarpOJ.a'ltoa tOl'llllllM.ue4 to repre-.nt it ia that ~ 

Hartaaanu• 'llldoh raada (>.- ~) {Jf- Jto) \• c. (!he representation 1• 
'' 

un 
QI extft CIIIIIPQ&tian ilffli>lwd, 1D pa.pa.r1na \ablu 1a -~uatified). Hen 

A is the wavelength. J! the OOl"ft•ponding aoale-reacling on the, measuring 

mlcroaoope, and O a oon•tant• &tpen4lng on the spectral range. Theorriioallr 

>.o is a ooaatant ot the apeotroani,h only. 

'l'he aotual • ....._rrt ud n&actiotl ot a •'*"1"ograa -, cormtnieati, 

'be set out t. a,. tab1- et..,.... 001118• thu•s 

•tar 
RJba. 

where N oontaina measurement• ot··1to11h comparison arc line• and atellar llnea, 

the reac!d.nga 1noreaaina 111•rloally tOIIU'da the violet. \to eliminate 

personal error tba plate ia than NftrNd in the mlcroaoope ant the rea.cB.qa 

rep•ted, now inONaaing towada the n4 anc1 their daoimal.s entered uni er Rr. 

Pera.neat t~l•• are prepared, Olloula.te4 4ireotl.J :from the Hartmann 

twmla, baTi.D1 ,.,. 

f 

The &tr:lvation of the taotor twill be p.ven later• but it is oontaine4 

only in tables ot atellar U.ma. To &Toid possible blend.a these latter 11•• 

ban to N earetull.J aeleotecl aooordiag to ~ apectral tJp• o£ tbe atar. 

OnlJ the deed.male ot 2N-- are entend and 11; will be Men that the• 

llboal.d 'be identical with those under (N~ • Nr). Owing, however, to the 

toratla'a inexactitude thia condition will not be tulfilled, a.Iii the 

oorncticn to be applied to the obaened Tal.ues to yield the calculated nl.111 • 

is entered under 'COl'ftc. • tor the a.re lines. These oorreotiona are plott.4 

apitlat N,r (obaened) and the ool"ftapcmd.1na oon"ections tor the stellar 

lines read ott. Application of these corrections yield values entered 



3s. · 

·nat11 •. - -
..... Ma , wld.. lllaolll.4, WN ao Deppler etteot pn ..... , be precd.•l.J' 

eq11ai ··\o- ta ftl ... ~ 2Jfo al.Olllatecl tw tt. *U•• U.... owtlw to 

--~~I'· *I.ft, .......... .., wlU ill llntral. 11M - .. a1 ...... 
atar tttl'a•• (cal ..... ) t.a ...... 811.rflS • lllltl.pllediGII 'ti .. 

ftl.W or tlll.a ,., tta «Jlft•pellc1l.ng ~ ~ ,t.•1«. the aP,llftllt ra&l 

ftlbid.t, (AY) t1:e. .._ ta bV'11te. !llrwf.ptecl aritbmat!o •an ot the 

' A Y la ... pte« u·· fllle atar• • appueat n.cU.al Yelocd. ty. 

B~ H-QA"t'~¥\·.., t~QC\. : 

/01 l ~ -~o ). + l~(N-tv'o) = Joi<: 

s. ~toe, ~ 

\J = 

~ 

£ :_.,.. 
~-Xo 

,H _ >.o- ~ 

oUJ _ 
N- No 

JW - N-No 

= 0 

[- s_ l~·-U' J AN ~. c . 

~ 
e.Jw~J~J 

'J = f..AN l,J~ £- = 

= ~ '. Atv 

l,\..O ....... \ 

.!. r :a. 

~Nv- , ""'<. 

I~ 

k~ 
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18 
oonection of the ARR!£!9 ilf1p1 · J'flecit,i: 

Tbt ra4lal wlocit1 ot a atar •o atc!uoe4 ia tbt •• l'IMl1al velocd.t, ot 
tale ·nar with napeot to the obHffer during the •pollllft ot the apeotogrua. 

7or oompa.riaon purpo•• n.41al velocd.tie• are \Ulually ntenea. to the ... , 
• r.. ' 

and b app&Nat raMa1 velooi ty nqun• a nu•l" ot oornotioaa beflon ._ 

•tar'• beliootntrlo ft41a1 nloalt, 1• al"l"J.ft4 at. 

(1) Dlurual eorr.otions-

!bia oorreoUoaa take• out that oom.ponent of the wloolt, 
due to the obaeJ."YU''a rotation 1dth' the Earth. 
It 1. od • - o.46, . r. c..~ <P'. ,,v.,. t:- .• t:&:) i L1«-' 

-~ p la the Earth'• radiu• a.t ,, 
"c ~~, ' 

cf>' la the obaerver'• geooentrio latitude 

tis the star'• hour angle at mi4-exposure 

$ 1• the star• a deoliaa tion. 

(U)A......i~1u• 

!ad. ....... .u.. ... Qat 'Ulat • 11D111III tit ·* wloail.t, due to the 
..._, ........ IWlll tllll S.• It u 

C11 = '\i. co-, f . ,.,~ ( 0 - h ) + ~- e · ~ f . ;) ~ ( 7r - ~ ) L} ~e-

wl~ -.r = :i.'1· 76~ L /A.t.c. 
t, r ·!O ~lr the longitude and latitua. ot the ..... 

~ u .. ,J.oDcl"11c1e of ..... 

,,- ia ta .... l...S,'\u&t ot tba aun at per1pe 

• 1a t11i1t ••••lnolt, '1it the Barih'• orbit, a 0.01,1, 

other corrections my be applied, inclu41ng the oorreoti.oD tor the 

obsenrer•a motion round the baryoentre.ot the Eartil-lloon ayatem., correction .. 
tor perturbation ot tho Earth by other plaraeta, eto, but the• are generally 
oouiclered negliaible and ~tted. 
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Clearal: Shapley, •star Oluatera', Barn.r4 Jfoao,a.ph JJo.2, 1930 

Stl'\mt, o. ,- t8llellar JINlbatieai t Pl1.aolrl4lwa Uraiwnit, PJ!M,1 1 19'0 .. 

Cox,.&., ~o 01.urierat, ~ nnu., Barvar4 Student1• 

8emlnara, 1952. 

2. •·· .. Sa ... ~ flahnnNldl ....... J, J.!i, 19.5J, p "6.h 

,. ,., ............... J., J.lZ.,· 195.,. p J1J, 

It. ,....,_. 1.0.1. .......... 1.t.JQ 

5, Stelt)ina qi, ... -'•.&,. 1., 102, 191'$, p J18. 

6. .. ...... .A,J., Jlt 1""'- p }7J. 

7. 1111, .. , ..... 1.1:dU, 19'0, p Jlt9• <•~.-q..), 
8. See EMi~n, "The Ma'bm&Ueal 'l.'beorr ot Bllatiritr', 2114 Nitioa, p. 91, 

9. · ftWlpler, P • .A,s.P,, !iJ., 1,,,, p 249, 

10. See Trumpler an4 Wet.nr, "Statlatioal Aa~" p 361. 

ft. 9PJQ,a. Pb.4. .,_aia, U...,._t, ot Ql.pe ICMU, 19.53, 
,,_.,,,,....._ ... _ 

12. . Jobnaoa anl Sanda.p, .&p, J •• ...W, 1955, p 616. 

1,. See J,&i.A.s.c. XLXI• 1955, p a. 
1.... Brawn, Ap. I. t .11l, 19'0, p 225, 

1S, Obarldnaakhar, "Prlnoipl.ea ~ Stellar DJINlior', p 193. 

16. See Stebbina, A,J., ~. 1955, p 27. 

17. See Sawyer "Experi•atal SpeatroaooPf", p 226. 

18. See "Ban&uch d8r .Aatrophydk", Band I, p ,588. 

19, See "Handbuci\' ar .Ast.rophfdlc", Band II, p 171. 

20, Morgan, Rarrls and Johnson, .&p. J,, 118, 1953, p 92, 
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OL08SARY 

• 

aecOl'diDg to tba l'llldnNit.7 ot '- __., 1lb1ch MS deeipa\etl "7 a BollaD 

ficuN after the lflltral ~ <••I• MS Ill, 12 Y, eto.,), llb1ob 

1'111111 !NII I fo,, ..,....li,uta to Y fO'I' dvarta. 'l'ba oluainca.Uan 

1a _. b.r ooapariDa tb4t iatllulU.U ot ftl'lou apectral U... 

IN ll.7Dek'• • J.fflOPUSICS" tor twt.ha aplanat.ioa. 

PIOPD rma 

tne, l'\1IID1na fNa 0-t;nHI to H-\ne or later. Tia-, do not, ..... 

Nriq ~. u.. 80ale. 




