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|.-um, .'Vi'll thoiiuh Ihr ma- ot llio l.aitit.T l.o,l> 1- ..lilv tl :n that oi ll,.- I.tml.t. r :, lit-'al, r

ilitT.TcliiT ill nia-r. wh. 11 l.olii .p.-. M.i .1 pp. .a r than ha- pivvMU^Iy l.i-.n loiin.l. Whytli.-

, ,„,1 >p,.rlflllii ^lioilM 1..' s.) ivlalivly faint wlwli th.. tu.. -tal- ,ai.' u( ifaily .M|llal

l)iiM;h.lf<'^-> i> ii-'l appaivnt. ll may l- that. allli..ii«li tlio .•..nlimion- ii.iti «i th.' -p.'.-tia

:u f nearly iMjual int. n-ity.tli..al.-.iipli..n lin.-..f lli.' n.ll.o.U aiv faint. t than th..-..

„r the iH-iiiiaiv f.-ii.i.Tint; tli.'in .lilli.iilt u< -. vnIi.ii iI. .•..iHinii.iii- -p.'.'tiiiin ..f llic

•man is sii|)ri-p..>c.i. Or. atiain. a ni..iv iilM'ly .•\plaiiati..n i> that th.' Iin.- aiv ui.l.'ii.'.l

M. iiiii.'li hv th,' r..tali..ii .4 th.' laru.' .liam.'t.'r faint ->ar a- I., h.' mail.' i.'lali\.'ly \.ry

faint. On.' plate wa- mad.' al".iit .' ' '...ut- ;ill.'r [.riiiiary minimum, uhi.h. a.'.'..r.liiik t..

St..wart'-.irbii*,\v..iil.ll.i' al.oul an 1 im.'i ih.' I.it.-il pha-.'. -. that altli.mirh ii w.nil.l

n'.'eiv.' m..>t ..f th.' liuht from the t ..i.'r .'..^Mp.in.nt . al.out ..ii.'-liflh u..iil.i .'om.' fr..tii

th.' hritlht.'r. Thi- -!..'.-( nii.i ha- nei. h ti..' -am.' --hara.t.'r a- th.' ..th.'t-. .'\.'.'pt that

the line- are mil. 'h w.'ak.'r aii.| ilm- 1- in as-'n .-.lU'iit with th.' .'ih.i^e h\pothe-i-.
1
u th' ;•

an a.l(liti..nal i)lal.' wa- ..l.taine.l on .lulv ;!0 ,,i. .>,'..,l •_•:; .'imil-ion an.l llu- liii.'r Krain .•na..l.-

the sec.n.l s|)e<'lnitM i" !><• m.'ie iva.iily ami .'.'riaiiily ni.'a-iir.- 1. <>n fir- jilat.' the

enlian.'e.! line »:.»'.• i- plainly .loul.l.'.l. th.' iiiL'ti-it;, ..f th.- -.'.'..ihI -i-.-.-inim h.'im: r.'latively

niiieli stn.nner than in the oth.-r lim'- Fiirth.T. !h.' Mli.-oii pair ll'-'s. 4i:il -le.u tairly

stnmn .'onipunmn-. wiiih' the -.•e.'ii.l -p.-. .im m th.' hy.lmu.'n ami lu'lium hie- 1- >.-i\

weak. This w.ml.l mak.' it app.-ar a- n th.- faint .l.tTii.-.' .- palU' a w.'ie ..f I'yp.' H'.l

with relativi'lv wak liv.ir..tie.i aii.i h.'lium Iin.-. wl ..' th.' '.nsiht .1. n-.' -tar i- !'.> ..r.'V.'ii

earlier. Tli.' r.'lativ inleiisiti.-> ..f ih.' .i.-'.l'ie.l lim- l-".!'-'. H^H- i r> ar.' nior.' n-'arly

•.V-lr..pli.v-i.al .l..wi-ii:.l. l-V :il-'.. I*"-"'
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Tl„, |„,,1,;,M,- ,Tn.r -I a Hii^tlc nlalr lor tlir l.ntilil Mar i- • IS km. ;uul lor ill.' faint

• s
I Uni per ~rr,,n>l. \ nra|.li n| !!„ ,,rhil wiih lla' ,.l.s,Tvatioi,< ..f 111.' l-riliripal sp,..'-

iniiii ivprc-i'iilc I li.v iai<-li- i- -liow ii in I' ij£.
-'

r,i: J i; s \ui|..,.„h,.

Applyinu' ilir aliovc ,,i..it- wcolilaiii l>y llic well known tornuiia'

A, -in 1 ;v:<s^.'MI() km.

a. -in i I'l.M.'.OIK) km.

! nil 4 m..i sin' i - ."i-TH
"

.>t('uarr- i.holomclric mIiiI* fi\\v< two solutions, a nniform. an<i ;i darkciu-d. T\\r

uniform Ljiv.- a \alur of the inclin.alion C'.l 4.-|'. ra.iiiis l.riuhtcr -tar -OlM). ra.lius fainliT

-tar • t.-.n" xslnir thr darkcncl -olution ^ho- (is -J.V. tl^CVJ. • U\i\ for tlics,. tiircc <,nantitic>.
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im; si'i.ciiiiisi Mi'ic oiiitns oi i,( i.ii'^in(; \ \i(UHi,i> 14.">

If we iissimic tli<> s.ulm'c iMtcii>it.v of a Un Mar In \»' - -' J* inanniludr^ aii.l \W

Min's alisul.itc iiiauiiitu.lc to \<r I SC, llic alpsuliil<> iMauiiiHi.lr uf ihr l.iiirl.t.T (•oiiip..ii..nl

,,f |{ S VulprnilM', witli appaivnt ina-i.it u.l.' 7 T.V i> ^ 1 !«' m.mI tli.' parallax i-O" (IPJi;.

T W l)riiiiiiii<

•n„. <..'lip.Mnu varial.lr TW Dracnnis ,n l.-.h :V2 »iM., 5ftil IV. HMI(I: vis. nmu

7-4.-,; spcrlral tvp.' B'.li wa- lirM ..l.-.^rvcd mi .Vpril IM. HH'.t. an.l ihc laM plalr oliIaiii.Ml

,m .lillv 17. During; lliis interval 14 plat.- wcrr ..htai 1. all "f wliich arc u-.m! in tlir

,,|.|,il.

'

Tl.cv aiv nut -.. well ,li>l ril.ut.Ml a- in It S \ lilprcuhe. owilli; to the (l.M'lli of

priniarv iniiiiintuti. when \U<- Mar fall- to '.• S n,a|iiiitua... iiiakinn it iiM|.rarti<'al.l.' to

.ihtaiii plalc- at tin- .•poMi. The coiiiparativ.' faiiiliii— of the -..conilarv. it- li^jlit li.aiitr

(lllo of till' -y-tcin. of conr-c naidcr- it- -pci'truiii iiiiolwrvahlc.

Thr -pcrtrmii clasM'il a- !«• is in ivality \:i ,in.i)iiii«: by the iclativc -trrnntli of

hy.lroK.'n ana K an.l tlif niMMh.'r an.l int.ai-il> ..f tli.' in.Mallic lin.>. an.l in ...nM^.iucn.M'

-h.Mil.l 1... .'apaM.' .if a.M'urat,' in-asiiivm.'nl. \lth..ujjh lli.- i lann.'ni.'nt aiu..nn ll"'

lin.- i- fairlv k.-.mI. tlu' vcl.i.Mti.- ..f tlu- plal.'s aiv .lisa|ip.>intii>s:. ih.' ivsi.hial- .uifxp.rt-

,.,llv liinli. iv-ultiiiK in a plat.' .•rr.,r ..f r2ti ki 'r -..-..n.l. Thi> i- pr..l.al.ly .In.' t.. \Uv

ratii.M- ui.l.' an.l.lifTns.' rliara.-t.a- of ih.' m.'talli.- lines, inakinMI tlie s..ttinf;s une.'tlain.

•riial th.' lin.'s are wi.le sh.ml.l n.it l.e a .'ause lor -urpri-.' when «<• .•..n-i.l.'r the nearness

,,f the iw.. h.Mli.'s an.l th.' i.rol.al.l.- rapi.l r..lati..n of tli.' hri-ht h.Mly in th.' p.'ri."l .-f t h.-

\-tein.

Th.' .lata .if th.' ..hs.rvation- are tiiven in Tahle 1\ .
wIh'IV .-.ilumn 1

...nlani> the

,„„„|„.|. ,,|- ,1„, plat... .ohnnn- -' an.l :! the .lal.' an.l .Inlian .late ..f th.' ..l.servation. ( olunin

4 eonlains the phas.- fr..in primary iniinnunn .oinpnt.Ml fr.Mn initial pli..l..in.'trie phase

•.>,41S,'.t()ti-4:>:< with perio.l 2 SIIC..->4 .lay> an.l ...hiinn .'> th.' vel.ieity .letennine.l from

measures ..f th.' miinher ..f lin.- in .'..Inmn »'. » 'oUmm 7 I'onlain- th.' r.'si.luals in th.'

sens.' ..hserv.'.l niiinis .'.impiit.'.l fr.>m th.' tinal .>rl'it.
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When tliosc oh^Tx :iti()ii> were |)l<)tto(l it was at once seen that i)y niakiiiK tlic ()rl)it

-liulitly ((•((>ntii<' Ix'ltcr anicfiiicnl cmild 1)0 (»l)taino(l tliaii with u circular orl)it. AlthouKli

no (((•••iilricitN i< civcn l.y Siiaplcy's i.rhit.* it is pniliahlc tiial Xijlaiul's <.l)scrvatioiis

arc lupt n\ Milliciciit accuracy to dctenninc this, and alicrnativc siihitions for ccc(>iitric

and cin-ular orbits nave c<in-idcra))iy t<iwcr residuals for the fonncr. I'rcliiniiiary ele-

ments which were ohtained t!;ra|ihically are as follows.

2S()(m4 <lays

0(14

Miy km.

-(I-.') km.

U(»

(l(V2i)dav.-

Period fidui |)hotomctric orhit

I'.cccntricity <

Scini-ami)litude K.

\ elocit> of system y

Longitude <if a|)>e oj

Time of jieriastron T

(KviuK to the smalliie-s of the eccentricity it was con-idered useles^ to apply least s(|uares

corrections to both "l" an.l w and. in thi- case, as the latter seemed hotter deterniined l.y

the nraphicai elements, a correction for T was u>ed. The ditTorontial Odofficients oh-

tained by Leimian Filhes were used in computing an oi)hemoris and obsopation ociuations

which are jjiven in Table \ .

I\H1.I. \ ohsi- u\ \

1 1 IrcKK lUilA

1 IHMl li'.iT

;; 1 IHMI <.i.-.;i

1 1 (HMI - (i.V.l

."i 1 IMHI IVJI.

li 1 IHMI - ,V».i

-
. 1 (MM)

_^

"JT'J

N. . .
IIKKI •J'JIl

\i 1 IMHI ^ Vi-l

10 I'lMMI >M\

11 1 IMM) ^ .'I', Is

1'.'
.

. MIIKI
^

.'.••IK

Hi .. 1(I0() si:;

14 1 IHMI i • tiii.'t

where \ ^ oy

y = 6 K
z = K 5 c
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The normal e(|uations from ihc-e oIim'|\ ation~ are

14 (HHix + S'jtiy + ;?:v.M.iz - .'••loiu - (i-7() - n

s -MT 1 .V.4 + lli.V-' - '.»:VJ7 =

7 :',_>'. I - 1 •2\r2 - .'> l">:{ = n

.'.••_>:« + U)S = (I

f 417 =11

- :i»:f

+ 1 -^4

- 4 '"I

f 7 -'J

+ 1-7S

- 1 lis

- 4- 7-.;

+ IHIi
- lli.-l

- :i-7'J

+ 1 lili

-i- •-'•I'.l

- 7'.i:'.

'('niiliiliuii.'ii- liiiiii I'riii.iton oli-i rvMiciiv. Nii :;. p. !HI.
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'I'licir soliitiiiii ni\('~

\ - + lti:<l

y = 4-lL'V->.-,

7, = -t -sTtiC)

u = - r.M>s

6-> -
!

II 111 km.

5K -- fl -'Skill.

«( - + (IKlti

4T = - (Mil

:ili(l llic lilial r'iciiirni-

( <'ccciitrii-ily

K .-I'liii ;iMi|)lilU(li'

7 vcliicity sy-ti'iri

'I' tillir dl' pcli.l-ll-iill

u; Idiiiritinii' III' ;i|)>i'

Ml -in i -ciiii ;i\i- iii;i,i"r

rNi, sin 1

IS'tlCiftCi

n."):iri (IIS

i'..')-7s 1 i:!

-11 Ml • (I'.il

(lOI'.l niit

'.HI

ti- 4u:{',i:>| •_'.,'):{.").UI)(i km.

ilvjti

This fiiiii'tiiiii (if the iiiasx'-. all lliat can lie (Ictcrmincil wlun llit' >ci-(iii(l ~|)C(trum

canniit he mmmi. (1(ic> not ^ixi' us intornialiim in icfiani to the dimriisicins (i|- masses ul

the system. Fiom tiie photometric orbit we ohtain the liiameteis of the inilisidilal stars

ill lerin- of the relative orhil, hut the latter cannot he known wilhout the ratio of the

masses. .\s a tirsi ai)i>roximation Shapley assumed the ma»es e(|iial and later used an

enipiri<'al formula* for determinintt the masse- of the components. This f.irmula hased

on the relative \\n\\\ of the two lioilie-. lia> it> constants determined from spectroscopic

binaries in which iioth spectra show and tlie ratio of the ma-ses are known. I'-in^ this

formula mi,
= 0-4+ I •'-'I.,, tiie ratio comes as brinhler star O-TH fainter star (1-27 total

mass. If we use I{ S \ulpe.nila' as an analogy where the system is <omewhat similar,

a dense brijjht small primary willi a leiiuou-. ia!-)ie cdmpanion. it seem> probai)ie \\u<.\

th.e ratio of the ma-ses assumed above is certainly not too frreat. With 1{ S \ ulpecuhr

where t!ie linht <f the lirishter star is (l-.VJii of the >ys1em, the ratio of the mas>cs i- IM'll

while with T W I )r;iconi-:, where iIh liuhl of the brijiliter -tar i- (ISS.-, ,,f the vy-leii'.

it would certainly -eem likely the ratio of ma.~ses would be pealer. .Nevertheless, th,-

ratio ni\cn by the lormuia ha- lieen u.-ed, and 1 think may be sifely con-idercd as tjiviii};

minimum dimen-ion< to the orl'il. but of course \hw dimeii>ion- deiieiid upon thi-

assumption and cannot lie roii-idered aloolule. a- in the tuo piev iou- orliits. I -ins;

Shapley's two solutions, uniform and darkened, ihi' iiicrmation- are 7") 'I'-V and 7!l 1^ ,

while the >emidiameter> of. iirinhler and faiutiT are bin.'ind 'A7\ t'or the uniform and

ISO and V.l\ for the darkeiieil.

"C.iiilriliilii.in- llniii llii- I'riiHi 1.111 nli-i.rA:il.iry N" :;. |i 1-' i.
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'I'lic liiiiifii-ioii- "f till' <y-i('Mi liciicc Ih'coihc

MMiii MM- iic;ijiir pniiiMiy nrl.M

-tM-onil:try '*

i.l.iiivi-

III l.iiii- .il' i:i4iii- "f -iin

, .,ii!i iliMiii linnliiiT

lillllld

iii:tr.- l.riKliii'r "liii

lu:i^- I'iillili r

tiiiul iiui*> -y-iiiii

.lcM>|l> lllilllili I -lai

f;linlil

I Mlliil III DiirkriH.I

J, .11 I ,11011 J.."l7.'i,IMMI

T.iH'iT.imii (i,'.«l:l,lMlil

'.) IlSI .IHHl '.(.."fclH.IHHI

l:i li-J i:< 71

;i • Til :i Til

1 >l J IT

.-.111

:; :;n

1 .-iS

:i Jl

1 Jl

Mill

1 I'l

1 10

IHI'll 01.'

1

.\ si'dpli of till' \('liii-ity I'ui'M' «i'h

( ilMl.l SHIN

111! .;. V w Diii ti-

tli|. iiliM ,-\;ili.ili~ M- rivi-l.- i- -liiiWH ill I'iM:- ^

U „,.v I,.. of M.li.ivM ,n MuiinKiii.. .I.' ilnniMi>i ot .1,1. two ^yMi.ni> olilaiiu.! luMv

.i,l, ,1... >ov..„ ,.ivvi.n.lv M.-iu,.,l, :l.ii an. known .o iii,.. Tt,.. orhi. oi
1
NNDra-onis

is no, in..li..l..l in ,ln. su,.nnn,-y. :. iwin. ,„ a.,..,ii i -U.; --1 s.-.-nnn . - dnn. .

.ions an. not ati.olut... Tli. lollownig laM. «iv,.^ .1... imnnpal ,l„iM.ns,.,ns ,.>...« tli.

a.i-ki.uiHl ,.lio,on„.|ni. orl.i. in oa<.|i <:•>: ul,,.,-.. .li...'.. aro two ur nioiv .olution^.



•mi. >1M.( llinscol'li iilllUTS HI I < l,ll-IM; \ \l!i\ol.l>

TAUli: VI Ml.-..l.ril. 1)IM1.NS|..\> KCLII'MN.. WRIMUI-

lU

III, !<<"> lt."lM \1:.>-- l>. li-iti.

(.nil

3 \iirit!ai'' .

r llcriiili-'

V I'liiM""'

II l.vi-M.'

ItX llrr.illi-'

W Vr-.w MMJ.in-

Z IIct.mIi.'

I ()|iliinilii.

1! S \ iil|«Tiil,ii'

\ :*c. ,1 :..

^ »:.

'i _* PI 1.

1 1

I .'l I

n 7^

I
>

II 7

1 77 .; J

10

7 111)

II 1

1

II in.'i

II 11

II iijj

17 7

1 1
•

l'< 1 I'l 1
II (lU II II,"..". IJ 7

1 1^ 1 1 .' II (Kll»' II IHHIt .".'.1 •'

n ^'' S',1 1 1 .;.'i
II ;i 7 ..

II i.'i

1
•'•

II I'l

1
.'. II :;

I
•!

II III 1.". 1

1 71 II Is 11 tr, IJ s

:. HI 1 U'l II i\.; II iiiiir. JJ 1

T,,.. .Iiov. ,al.l.- is >..lf .-xplana.iiry if ,. i~ M:....! H.iU .Ih' Ini...- .1, ---•-•-

,.,,,„. „,• „,., ,„„•. ,.a.li.. :..i.l th.. MK.M., ...a .l..-M,i,.^ ill ...nn- .! .i>- '-" ami il m

, (,„hiu,.l,i and I{ S Vuli.....ul;.' ami of tli. a>M,..,..il .l.in..i.M,.,is „f
1 \\ D.a.onw i.i

.„'.'„.. -n... i,„'..->...ions .If ,1... v..,.,i,.al ami l„.,u„ii,al .Uu-A ,„.- n,.n-,.n

.. .

'

of :i,a.^ of ,1,0 .v^.i..... Till. ..n..> of li^un. ,.. .h. lot. .r. ,1,.. ^ys„.|„s a.

L ,.lip.. ami thoso ,o ,1... n.l... . MUaH.r n.volu.ion ...y. uli,.,, a. maxinu.ni

'7 io„. No at,..,np. hn> ......u mail.. ,o ivpn...... .h- Ma,> a~ ..llipHcal in loni, in ..,.

iinurc.

Tli.MV i> 01U' olIuT point in connection will, tli.'H. oil.il-, iM f ciiinciilcncf oi- otlicrwisc

,\li:ol, 5

, i,„.., , „, r l,,.,,.nli~ that the plia.- of moan piimar.v chp^c con„.s .lipht >
latci

,

ah lu

Xu^l ... ,han Ihc time .hon n^.^f in the spectn.cpic o.-h.t, while i, i. evi.len

X 'Li. should coincide. No explanation i. oiTeivd fm- this .li.cn.pancy and it uilt he of

i,„.,,..t to co,npai-e the roults for ihe thn.- varial.le^ discuss..,! here.

„. V Ophiuchi m. attea.p. wa^ made ,„ applv a correction for «, the pa., m the

,i,.,„,,r orl.i . owin« to ,l,e hi.h prohahle error ami to the fact ihat n.-arlv all the oi.e, a-

;;;:;; were near their maxiim elocitv. where ihey would have h.tle wei.h, ni the

det(.rmiiiatioii of this correction.

I,. H S Vul,.ecuhe the velocity -urvo -how- tlia. -he >pec,roM-.p,c P u.>e ,. .
on-

.idenhlv later than the photometric and, if thetinie wh.... u =-..0 i- computed, it ,- found

: +!i 12S ......It! -lavs. In T W Draconi- .^-U... therefore the tune wnen

,-.«,- i. Ihe th,,; T fouml in the orbit, or +.MM.. . ....!(. day<. tn both ,he>e
.
as..,

,he;efore. the >pectroM.opic ..ha^e is later than the pho.o,n..tri.- by a -out .5 hours in

1! S Vulp..cuhe ami 'l minut..> in T W Dracni-. in ,1,.. opposite dilution to that

found by Schl<>sins..r.

1 V.^lni|ihv-ir:il ,Joiirii,il :is.
i>

Hi''

, .. '
40, p. :«w

49, p. IS'.t.
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It i- IkiiiI ti) ini;ij;ilii' ;i!i\ |)li> -leal i';iii-c which wmild aci'iniiil lur a ilillciciicc in

phaM' ill i>rir dirciliim in iniiii' iii-laiicc> ami in thr (i|)|Mi>iii' (liifctinii in oihcr-, and llimiiih

tlic dilT( Tcncc^ :ili|)('al' lo l)<' Cdn^idiTal)!) Inn meat In I"' I'Xplailird i>,\' iiicii^ nl' iiliMi\a-

linn in cilhi'i- tli<' >p('clr'n-cn|iii' nr tlir phnimin'iiii' niliii-. ihcrr x'cin- in he no nihil'

alliTiialivc uiilil innrr data ari' a\ailal>li'.

Dninininn Astinjihv.-ii'al ( »lp-('r\ ainiy.

\ iilniia. H.< .

Aunu-t (•. I'.M'i



iiii; >i'i ( init.M ni'it KiiiiiTsoi i:ti,ii'-iN(; \ \ui\iii.i l.'il

V J \
\ U npfuuchi

Sun

/'

rW Droinnis

I'iit. I. (Iriiiiliicul lii-pri-M hl:iMnii Hi' Sy-li-ni-^




