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In Alpl-typo c10 •• binary 8Y8te ... a .. he primary i. 

an earl,. 'tY1)e •• in •• quence • i.ar and tbe le"8 •• a.l"o 

seoondary 1. typicall.,. • .ub«lant or sian' o£ lat • 

• l}~ctral .1'1)8. Algol-typ •• yat ••• pr •• ent an ."olutionary 

paradox, •• the 1... _as.ive .tar appears to be in am 

advanced stee- at evolution, vbile the more ma •• ive 

companion is .till OD the main •• quence. CravCord and 

lCopal augee.ted t.hat the .econda.ri •• o£ '7pic;uu Alf,;ul 

.yet ••• were or1«ina11)" the l1li01"0 ....... 1". oO.~Jon.ut.. that 

had ellpandfld to tho oritical l.lmit:1na surface and tben 

transrerred Muab o~ tbeir •• a. to the Oo.panioD. 

Unt!l recently lnCor.at.~oD on the ~econdnrT 

oomponente baa b.on obtained pr~arl1y fro.ladi.l velocity 

and photome~rlc .tUdi ••• 

Broad oilod UJu.i J,) ... rrow band phot;).~triCl ."udiuiS 

bay. indioo.t.i"d ul traviolet exc ••• f'or t.he aeeonda:s."1 ••• 

Th... bave bean lnt.r~r~t.d by .evoxa! obaerYerv 1n ter •• 

of metall. def'lo1.,ncy. ,!\farroll bend i)botometry of' tb. G 

band And the eN banda buv. a.1.s.l» indicated mGtal d(d,"1clenoy 

ror t.he •• condaries. Until recantly. no u~ta11.d 

e.bunuuoce analysis o£ ttuu.e obJQC ta tUUII o",.n tau,d.-,. 



Analysi. of the apectra oE the .acondary oamponeuta ~ 

the blue-v~o1.t resioD have alac ind~Qated •• tal daf1cleacy 

£or tbe •• oondarie.. C1e.rly, a deta11ed .pectro.cop~o 

ahed liGht Oft the ea.. t~&D.ter event. 

Kotlcon .peotra of 1.9A re.olution &Ad in tbe red 

re6ion,G£ the •• oondary oomponon'a .~ U Cap (B7V • GSXX1) 

and U Sae (D8V + G'~Ll) are analys.d herein. A dl£t.renti.~ 

speotrum synthe.is analY8i. ot ~b. spectru. of tbe 

•• cuJld~ry f>r U Cep relative to t. Ga. (081.1l:) ba. b.en 

oarried out. It 1 •••• n that the s.condAry GO.poDen' o~ 

U Cop has a normaL oomposition with ~.laJ. u.o ~ Q.,. 
Sluoe U Cep 1s a r •• ult ot Ca •• A ..... ~ob~nB. (Paoayaaki 

1971) the ob.erved noruaa.l abundllUlce or •• tal. [ve/II] • 

0.0 .:t 0 • .3 and a-prooe •• e.le, .. euta in th~ IU)C'h)odp.ry Go.ponont 

1. OO1l8i.t~Dt vS,tl:1 that esp.ated :fro. t.beorie. o~ .vola"lOll 

of oloue binary .y., .... 

Onuesinn bro~.D.d ap.ctr. oC the .tandard .tara haa b •• a 

mad,,_ A rlJltCl\tlollal velocity of' 7~ km/fJec applied to t.:tw 

Q CrD (Q'I~X) •• pdOtrua provided an .xcellent tit to the 

U Sg_ secondary .peatrum. (lb. ch •• ioal compoeition o~ 



ill 

Sera 1_ norma~). Fr08 comparleon o~ U Sse •• condary 

_pectrWL vJ.th the aynlh •• izod spectrums (T.:r.r • .52,01<, 

101' « • '.O,i!./l,il • 0.0) in the interval. 6311 to 6409.A., 

ve tLnd ~at •• tal abundance ~ tbe •• coDdarT COMponent 

of' U SS8 i. no",&.1 ['./If] • 0.0 .1 0.4. 

Thus the seoondary cOMpo.ents o~ U Cep and V See 

u C~p and U Sse are q. 0.67 and 0.J3 re~pectlv~ly. 

case A aad c ••• B aaa. .~ohftDge. The •• condari.. 10 

indicate either thl:lt "the .as. trana£er 0 .... A and ca.e B 

do not lead to aignit'lcUlt oba.o.~ 1n tho oheuuicl'll. oompo-

.1.t10n or that U Sge .Ill" DOt be Il typical ca •• B Ma.s 

exohange ayet... Probably l1ke U Cep, USee 1s aleo a 

~n~rar.d spectra ot the .econdary co.ponenta of' 

U Cap and U Sge have revealed another lnter •• tiD~ .speot, 

whlch reflect. their chromoapheric activity. The Call. 

inCr.re~ tripl$t line. are found to be yery weak in the 

epfto"trum 01' the secondary OOfttponenta n:t U Cep ....nd U S88. 

Weak C a.l.I .1R triplet 11n.. are also notioed in tr' (.em. 

III s.ln,9J:le lined Sfpectroscopio binAry with atroD3 I. line 



•• i •• ion. Ennanced chromo.pborio .a1 •• 10n in to. a aDd 

It line. • •• 8 to be aoco"pani.ad by a veak~niuc of ,b._ 
in~rar.d absorption l~ •• at CaLl. Tbe •• Qondary oo.po­

Dent. 1n U Cop and USee tbu. appear to bave aot1ye 

ahrom.spheree a •• result ot tidal .£~eot •• 

Earlier lnve.t1aators bave interpreted the ob •• ryed 

UV exce.. ot tn. .econdari.. tD term. o~ 

1) •• t~l d~~1cl.noy o£ tbe .eoondary 

11' chro.ospherio activity o~ the .econdary 

ill) contamination of the coloura o£ the •• coDdary by 

Itcht €ro. aD envelope .qrrouDd~ ~U. bot .t~r tbat is 

no~ oompl.t~ly eol1pa.d at ald-prl.ary .1nlwuN. 

~inc. ~. ~lnd a nOl~&l o~_Ql~~ uO$po*lt!on ~or the 

•• c-.)n<iar:l<J1iJ 0:(' 11 CiliP "nd U SlJe. tbe i.nterllr.tatloD ot' 

ob • ..,rved OV .xo~.. in term. o~ ,..tal defioiency i. aot 

valid. 

Frv~ the ob •• rvac1one o~ A rQOent OUtbU.3t of U Cept 

Dutten b~. found Variable UV .xo ••••• both ~lthLD ADd 

outeid.e aol!~)$... 111ua tbe ox.planldlt:1.ou Ulat o1A.rolaoaph.ere 

acti"tl'll:.lP .;lQ tl'UII source of LiV .X.00118 ill al .. o llOot 6ppl.ioa'ble. 

TOG third p08lilibi.llt.)" IUHJt". to be the more plau.sible 

00':"r.. There ill a strong olJlelervr:..t.Lonal evidenoe t'or 



elrcum.t.~lar matter ~ A1.o~ .yat.... 'rom a pboto •• trio 

auet • .p.ctr\.ut~op:lc atudy ot au Tau re,L)ortCld bureJ.n, we f':1nd 

tbe .y~t .. to be tba. or the Al~ol-tT~. w1~h partial 

.cl~p.... Speotra obtaLhed in tbe B~ res ion sbow 

evidenca £o~ pre.enoe ot ca. .tr..... Fro. the derived 

d1.itten.iona o£ the ayatc'4.:D 1~. 1. 'f"oU).'1d that liU Tuu i. a 

.oad,detaohctd a,Yst •• vith .. sa •• tr ... £10v1ne fro. the 

.econdary component to the prl~ary. 

-



In A1aol-type 010 •• binary .y.,.... the .ora 

.a8.1 .. e prilaa:ry 18 an early type _0 •• quence .tar and 

the 1 ••••••• 1v. .econdary 1e typically a 8ub.laD' or 

Ciaot .~ late aveotra1 type. So.e 01' the well kDovD, 

and to a •• rtaLa exteDt vell .tudied, .,.t ••• ot thl. 

type an A1s01, U C.p, and U Sse. Alaol-ty,Ve ayet ••• 

pre •• Dt aD s'Yolutlonary paradox einco tho Ie ...... lve 

.tar appears to b. in an advaDced .tacs oC eYolutloa 

whlle the .ere •••• 1v. co.panion 1. .'111 on the .. ia 

•• quane •• Crawford (19") and Kopal (19") ausc •• ted 

tbat the Alao1 tyv. olo.e blnary .1'., .... htlvS resulted 

tro. a larue acale transfer ot _a •• , .. tbe .econdary 

which va. tbe aoro .. a •• tv. .tar 1n 'be oricinal binary • 

• volved. t'1.11.a lt8 Uoobe lobe, and 10e' Mil •• to 'be 

primary_ ,",orton'. (1960) :fundamental paper conf'lnaed 

Crawford'. hyvotbo.i. o£ ~t.rohan6. of ~h. oomponent. 

through a rapid a.... ..xchange. K:i,ppeuhabn and Weigert 

(1967) were tho first to calcula'e a •• quence ot _odele 



deserlb~ ~h. •••• trane~.r pba... ~lppeDb.bD aDd 

Vei.ert (1967) and LauterborD (1970), proposed three 

or aCter bel1ua exhaustion. In recent year •• everal 

.ac.lle&~ ~Yl.w articl.. on aae. tran.~.r aDd •• olu-

t10D .r a~o •• binary.,., ... were written by ~opa1 

(1971), !JaczYWlkl (1911). Pl.." • ., (1968, 1910, 191'). 

Our knowledge oC the •• condari.. 1D the ~lgol-type 

.yet ••• 1e obtain.d er~. an analysts ot the radial 

•• 10alt, cur ••• and 11gbt ourve.. ODe OaD Qaual1, 

d.t .... in. tho radial 'Yelool't)' our ... e of' tbe prll11Br)" 

OQ.pon.D~ only, becaus., or the ar •• ' di.parity in 

brightne •• between the two .tiara. .aeoaa •• ot tbi8 

di8parity in brightn •••• tbe aecondary alniJaa in tbe 

Secondary a1Dlma at 81«nlf'loaat deptb CaD be obtained 

lAd.ed •• on in the lnt'rared light curve. o~ AlBOl 

(Chen and neUn1DIJ (1966), Nadeau at al.. (1978) ,lUi KoD. 

(8rukalaka at al. 1969). a. ~au (Bookmyer 1911' and 

U Cep (KbozoV and M1naev 1969). Since the •• condary 

, i 
( ... 



of the 1DCrared lleht curv.. v111 c~y. ue accurat. 

eyat •• par ... tera and it Ie also po •• ibl. to study tbe 

eurEaoe bri&btn... distribution of tbe 8UDCiao. .econdary 

tioD and tidal aotion (oc. Buddin. and ~opal (1970) aDd 

Partha8aratny (1912D. 5~coe •• £u1 etforts to dete.t the 

.econdary ooapoDent. 1ft AlC01 type syet ... by Popper 

(1973). ToaklD (1978), T~1n and Laabert (1978), and 

Tomkin (1919) bave reeulted in accQrate ayat •• par .. eters 

Cor AS 11"1.. S Lib. Algol and. USee r •• peotlvely. Another 

chemical oomposttion of the ~rl.arT end •• oondary co.po­

neAt •• Hin.r (1~66) utilized narrow band phot .... rT 

reoently has an abundance analY8ie Cor the .econdari.s 

1,2, Oy,e[vesl Prf)pf!!'£tl" of ~\lg21-$)'''l! oJ,SH'1 R&n-a 

'llte!!! 

time rapid ~d almoat dlacontlnuOU8 chan~es of tbe 

• I 



period. U Cap, U Sge and R'W 'rau are 'ypi.oa~ ex .. pl •• ot 

a".e' •••• how~ suddeD poriod chanc... Q-Q dlaar ••• o~ 

Kr.1a_r (1971) and I'r!.ebo •• - Condo and aeroae. (191l) 

ahew tbat gerloda or A1801 ay.t ... lncraa •• aDd decreaae 

rand.oaly b1' /l,p/p • 10-'. Fro. an anal,.si. ....... he tle •• 

oC .1nlma o~ a larco nuaber o~ 010 •• b~ary .~.t ... , 
~ood (19'0) lndlcated tb.' the ayateme w"b •• coDcari •• 

near the limite of dynaa1cal stability .bow .troac 

tendenoy to irr.~ar variation. o£ period. Th.a. 

audden ohanc.. or period alway. apeak ~ ravour .~ 

eJeotio. of .&~.r1al £roa the aubalaut. Trano£er or 
_tisa fro. tbe aubc1ant a.condary to tho .... iy. pr~arT 

under .tationary co4dltioDa l •• d. to aD lacro ••• 1D the 

orbital period. The onlT stat.lonary proc •• a tIl'" O$ll 

account ror • decrea •• Lo per10d la 10 •• o£ .... frOM 

ehe ayet •• wJ.1;b eW'l'lc1.nt 10 •• of' eagu.lar ao •• ntaaa. 

,6lernuul and Hall. (1973) propo •• theC_ ~or _he Uaoi-type 

aystEu .. a. oont.1nuoua Don-atat.ionary .:Kohan •• or aDcaiar 

mom8ntua bet-w.eD orbi&. lind rotation 1e 'tn. re •• ". tor 

ma.8 are tran.~.rred to the hot atar .. a r •• ult of 

Bath (1972) t.Yl>O instability_ The lila •• and the a~ular 

/lIOlnentullih thUB lOllt t'rom the 00018.1" .tar t. atored tea:apora­

rill' ". rotation 1u the surf'nce layer. of' the hott.er •• ar, 



or onto a dlso around the hotter .tQr thereby aaare.sinc 

the orbital period, and then £0 •• back in'o orbit .. 

lncrea.ed turbulence 81et. the rriotioD t1m. scale catch 

up with the dynamloal t1me acal_ .r tha a.a. tran.tar 

thereby incre.aing th .• period-. Recentl,. Uul (191') 

summarised the proble. o~ period chang.. cau.ed by ... . 

10 •• or a ••• tran.Cer. Datt .• n.t al. (191.5) aAd Pi ...... . 

and Polldan (1915) have deteoted an outbur.t 10 U Cep. 

Ero. an analY81. ot 0-0 .eli"'Cr .... of U Cep. Bi4llt.nuua aacl 

Hall (191). llAil (1917) au.d Bak08 and 'X'r •• ko (1911) 

indlc::nte that the outburat. are accoapanl$d by Budd .. 

period chana ••• Biormann and Hall (1~73) vbile gropoatac 

the above d •• cribod _odol pr.dlo~ that tbe 11Gb' dur~a 

totality .hould slant up when the period 1. decre.aLac 

and not ltl·~.n lt 18 1Ilcre ... ain«_ S",ch a alant 10 to'&11t.1' 

1s round 1n 11 Cop natteD (1914), nw Tau Grant (19.59) 

(so. rl~~r. 1) and in se.cral othor Aleol-tYPQ .y.t~ ... 

MBny Algol-typo .yatum. abow .arkod .. y ... t~l •• 

in their li(:;ht varintlona. Quite otten on • .rind ... that 

th61 shoulder of' the liuht cur •• auar the f"irat contaot; 

la faint~e·r than the •. houlder a't tbe t'ourth con1:ac t. 

'fher. i. alao a ali;r.bt tnereit •• in brJ.ghtnotuu\ immedJ.ately 

after the pritaa.ry minimum. In U eep tbe light curve aear 
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the f1rat CODta~t 1a talnter tban at the fourth oontact. 

Bolkadze (1956) .u~« •• t.d tbat the asymmetry of the 

light CUlrYe 1. due to the Yelling of tbe lient ot' the 

primary .tar by the p. stre .. _ More pronounced 

aIlPJY"tlloetrl •• In tbe licht .erl.tiona De ... 'the .eoond and 

third contact are noticed In U eel', U Sa-, all Tau and 

sw e,g. The duration ot totality ta a1aa found to be 

ya~lable and wavelength dependent in a ~.v a,.et.... In 

RW Tau, Grant (19S9) ~ound OD 80 •• nlsbta near the 

beg1nnin~ o£ totality •• y.t~atlo deviations o£ 0·.02, .. .. o .0, and 0 .1 1n V, Band U respectlvely, a. comparQd 

with. the rea.tnder or the nainill,".. Thi8 re.idual 11,aht 

800l)108111' by Joy (t942). Recently UaoJalyer (1917) from 

eClip... In 71bpUre lb tho obaervations ot nw Tau by 

Grant (1959) ond .f.}oC)uyer (1977) ncar the t.ot-al phase of 

the ~r1mary Nlnlmu. are plotted. It~. ev10ent that the 

.hap. and durftt10n or 'tot.aJ.lt, bave clulnclltd .trom the tilDe 

of Grant·. (1959) observations. It i8 not known, how 

found to be sy~etrlcft~ aDd almost constant 1n light 

during tue to ta~ i ty. Recen t ob.erv ~'\ tiona of' U eel) by 

0130D. (1914) and .ia11 (1915) indlcau, that vari':ltion8 take 



plnce during the tot.t phase £.1"08 cycla to cycle. XD 

Fieure 1&, tbe U ob •• rvatlona oC U Cep .ade b, B.~l (191') 

on 26-21 February 1970 end 2-) April 1970 are ahowD. 

Batten (1974) anti 11all and Walter (1974) COUDa ovideDoe 

Cor a flattened diek arOWlQ tbe pri*ary co"poQen~ .f: 

U Cep. Hall aDd ~.~'.r (191~) exaained 104 11Sb. ourve. 

obtained between 1880 aDd 1970. The,. derined a quant't, 

Aa a. the dl£Cerance 01' brlahtne •• at ~h. be.inn! .. aDd 

at the end of' totd!.t,.. Thus, the 11«b"t at total 1",. 

slante up whea ~. 1. po.itive and 8lante do~n wbeD 

it. i. DQ~a't1v.. TheY' t1nd t.hat. t.be abru,pt period ollan ••• 

are cor1:'el.~.d 'With poe1t.1va yalu. •• ot' Aca. Ho"avcr, \he 

ultraviolet ,6- determination. abov .. d1tteren.t 'r.DeI. 

The corr.latlQo between .v.oha of' period deere"att and A­

Call be exvlalned by • cotabinati.l)n o:t two .1'1' •• '.. Ball 

and. Garl'iaoD (1':112) had SUCC •• tod thert the upward. .laot 

durin« to~~11tT 1. dUD '0 aooumulation ot lum1noua a •• '.r, 

wbien baa boon ejected f'rowa the su.ui!l:lant. pa •• iDS around 

the U star, aud conoeotrated in front oC 1t.. 1.ad1D.. 

b..uiillJphcro. Whil" e"i)laininc 'tbe aa,ulla tor a1 t.rnat. 

per1.od ch.angeD of Algol .YIIJte ... 8. lHerAum and Hall (1973) 

propose that the ga. strea .. should bave IIlliUE.1raUM atrencsb. 

during tbe tillUiI when the ",eriod 1. d4acre.a.1ng. Sucklen 

p"riod ebang •• , .1aDt&d to~aliti0. und variaule ultraTiol.' 



exc..... dur J.ng tbe tota.U. t.y ..... s to b. • CO_Oil 

Tho _aaalve compon.n~. La ~h. Algol-type ( ••• 1-

d.taQhed) .yet... are on or near the main •• qu.no •• 

They •••• to obeY' tbe ..... lwalnoaJ.ty re.latioa 1"&11"17 

and giants of later avectra~ type. Tbe ~ ••• of th •• ub­

giant •• condary in .. tew .,..t ••• (AS '&rl, DN Or!, 'I'Y .i?o. 

etc.) 1. oft11 about 0.2~. The aube;iaut component .. are 

overlu.inoua. Th. lu.inoaity axe ••• i. d.tln~d aa the 

1n more IIU1IUII1:" ... bi.nario. with \0 toal malU' , HG or moro 

thl!) lWAinoai t7 • .xc"... id f'owuJ to b-.. no t lal.-CE:r tbw:1 )r4. 

In systaMs 1II'.it;b smu.ll~r aa •• (ahort puriOd AlGol-type 

{ l 



tbe ob •• rved ••• 1-detached low ma.. binariea Gorr •• poDd 

to ca.e » ma •• exoba.qe. On the ba.i. of t.h. distrJ.ba.­

~10D o£ ~. ob •• rved luainoeity .xe ••••• ~iolkov.kl 

(1969) sugc •• ted that tbey are the. re.ult of mass eaohaace 

oa.. AS. However, this eXplanation reqalre. ..all oentral 

or larS. ecal. Ma •• 10 •• £roa the ara' ... 

Batten (1910, 1973-, and 197,b). and 5abade and 

Wood (1978) have revi.wed Tarioua •• peota 0' olrouaat.llar 

.trea. Clow troM tbe .ubgiant seoondaries and a oiroua-

at.llar disk or aD envelope arouad tbe •••• 1v. pri.ary 

component and ~ aO.. ca ••• an extended outer enyelope. 

d1acovllred •• i •• luD litl •• in the aollV.e avactru. ot RV 

to another. Joy 1nterpreted the aOllpao spectrum .~ RW 

line 

~truY. and ~ahad. (1~57) ~ound red dlaplacod .. 1 •• 10A 
tr., ,\ t'~" \ 

at v.2, pha ••• r ::h!dUldo (19.58) and ,Andre". (1967) 



Ju 

teat.&&re at i).7' ph ....... to b. t'DU.oh weaker 'Wi tb. DC) b.ydroCeD 

line .. 1 •• 10D seen in the .olip •• apectrwa. The 

•• 1 •• lon teature appears t. ari.. in the .treA. b.tw ••• 

the two .Cars. S~ruve, 5abade aad Huang (19'7) have aleo 

Batten and Laakarld •• (1969) baya attempt.ed to .xplain ~ 

the •• ae way the distorted l~De prottl. in tbe spectru. 

ot U Cep at quadrature •• More racentlT B.tteu et al. (1~7') 

and .11a,,_0 and j.)olldan (191') detected aa outburst of' 

U CeVe Tbey found eai •• ioA in all 8al •• r lLn.. fro. 

lic<,.. tu Ii 18 and also in the II and K l1nea of Call, ,,4481 

of MSll and possibly in 80.. lin.. of r.11 and N.~. Tbe 

emission per$iated ror abou~ _0 day. and 1e £ound to arl •• 

in a dt.k around the primary etar. So .... oZ the ohllracter-

latics notloEtd durln~ tll1.. olltburat by Batten e~ 41 (197}). 

P13voc a.nd Polldnn (197.5), Oleon (1976) an4 Rho.be and 

YilL (1977) are. 

1. l~ •• ismion ~a. acoo.Vauied by " dharp abeorp­

tI0D co.pon.at, whleh vas allio ••• n at tilj • Ii~, . and. tlr~" 
{7 I l~' 

wi~h ~ dieplacwment to the Ylo1et co~r •• pondin~ to -. velocity o~ •• vera~ twndrad ka. • 



1 -.J. 

a. "a,_.trio pr1aary.ill ..... and .h.r .... d 

dur.tiOD ot totality. DuracloD o£ te~.11tT lD U 1. 

,. UV .sc ••• vitbin aDd oat.ide tb~ .clip •••• 

UV 8xoe.. durlnc 'bo priaary .1Ri.o. v.. foUDd to be 

variable. 

ciant. ot .. a,. .A.ISol-t,.pe .011".lac bin.ri... 5,. ..... 

• hovlna UY eac ••• are 11.t04 1D Tabl. 1. Th. UV •••••• 

valu •• 11 ••• d ar. tak.n £1'0Ia DeTIJ:uI." .t. al (1910). 

Kocb (1972). Hall at .1 (1912), Nea .. ara (1,61) and 

McNamara aDd F.lts (1976). "'OJ: alDcl •• 'ara "he S (U .... ) 

t. an indicator o~ •• tal abundance (~.11.r.t.1D 1962). 

This interpretation, wbicb 1 ••• 114 tor a alnal. .t.ar, 

observed UV .aoe •• ot tbe aubciaat •• condari.. La •• r.. 
o£ •• tal d.~iCieDoy.~qO(U-B} yalu •• 8~Y.n In Tabl. 1 

indioate tbat the UV o.co •• i. lara. ~or .y.to •• witb 

long~r orbital per1od.. Suoh lars. Dogative .. ala •• ~ 

not d.:ttlnicoly du. to abwuia.D.C. aDo-all... For la'8 ''',Pe 
dwarfs &0 Abundanc. o-r [Felli] • -1.0 produoe. an l1V 

."Cof.)itB of 6 (u-u) • J.2 (Wall.r.t.in 1962). :tD ...... ra1 



'tabl' , 

Intr1n.ia colour. and UV •• c..... of the •• oondary 
o o.ponen ,. 

a eMa 

W UHi 

U Ce" 

kW 'lau 

Period 
(daY8) 

2.77 

wv .ora 4.63 

TU Moa ,.0, 

H:') Cep 12.42 

HW l»er 1).20 

i'U Cyg 38.44 

SpeotrlL1 (n-V)o 
type 

FlV 
G4..tV 

A) 
K~XV 

BT" 
08111 

88 
Kol.V 

B7V 
G81V 

.1.14 

.1.00 

+0.82 

B8.,XY.V (+0.46) 
G2-'X.I~-.lV 

,42. 
Ko 
G,V a, 
.a ,V 
i'OllX 

A,I.I.I.-IV 
G211X 
A,V 
K~l.~l 

A,. 
a 
A, 
&Go 
A6. 
g06 

,,.4 
A,I1.1 

l"Jlb 
K51b 

.,.16 

.0.31 

+(J.7l 

+1.)0 

.'.,5 

+0.68 

+0.40 

(+0.40) 

+1.0 

+0.78 

.,0.15 

(u-o) 

.0.17 

-0.1, 

-0.12 

-0.04 

.0.07 

.0.6 

-0.81 

-Q.6 



.y.t... th. obs.rved UV 8XO... ~. muob lar&er tbaa what 

OaB be interpreted in terms ot •• tal deficiency o£ ~ • 

• econdarie.. Thore ••••• to b •• dependence o~ i) (11...a) 

tor tbe aecoDdaries on loa P (KOCh 1912). The Ob •• rw8d 

UV exo ••• of the .econdarie. listed in Table 1, vhe. 

plot.ted Il&ailust tbe •• peration b.tweeJ1 tbe co.pon.at. 

(loe a) indicat •• the .xl •• ance o£ a po •• ibl. l~.ar rala-

tlonsbip. Thus the apparent UV exo... af 'be ••• oDdarte. 

prObably 1. DOt due to the •• tal defioienoy. Probably 

the olrouuaetellar envelop. around the bot .tar or U'cnmcl 

aocondar.lea. Fro. tbe pboto.etrl0 studT of SW CYM Hall 

(1972) (u ••• to tbe con.clt.ud.on that; the ob._"_4 UV .ll •••• 

N1ntttion by 11c;ht. f'roo. aa en'YelQpe aurrolmd1na the bot. 

.tfir tbat 111 not compl.t.ely eclt.p •• d at .-id-pr1mer, 

• .tniuaU'h 

Very rev atte.pts have b •• n made to study Algol-•• OOD­

dart •••• ploy1na narrow baodpaao rl~t.r.. Miner (1966) 

utilized narrow band photo •• try to study a do.en A1c01 

.y.t.... Spectral teature •• e.8ured by him were the 

\a-band, t.he eN band. at 4aOOA and .. metallic abundaaoe 
, 

inde. A Ill. 24inor t"ound •• taU det1c:a.enoy f'or all t,we1 Ye. 

From the oorrelation of ba index (Miner 1,66) wltb 



[!"./H] • 8aJ.1 (19b7) (also ••• Koch 1912) £ouoa tn. 

averag_ ~./dJ tor tne ~v.1Y ••• coDdari •• ~o be -0.96. 

tlcNa.mara (1961) and MoN_ara and .t.l ,. (1976) fro. 

uvby photoM.try t'oWld i!e/a]. -0.9 and ..0.6 ,"or t.he 

e.coDdary co.poneD'. o£ V Cep aDd U ~6. r •• p.cc~.e11. 

tiimilar •• 'al d.£lo1.no~ •• were reported by aaJ.l (1961) 

who •• a_urad cbe ca iDdea d.~~.d by Gr~rr~n and aedaaD 

( 19()O). tidl (196'1) to\IAd Cd to b. dor10J.oat by • 

factor o~ J. tM. r •• ul.& va. cont'lr ... d. br Sl>lnrad and 

'faylor '1~!)9) .fro •• "clUt.r obser.o.tit)n. or At\. L.ee.rca •• 

~!.t.ro (1968, 1971' £ounQ ~tr •• 101.' e&o ••• in the 

<'" 

01. () l..",p a lti:i$h-veiocit.y reet gianto. IUAd r .. aOJ1etl to the 

(197j) and Hbomba and "ix. (1971) datect~d aD increalled 

ultraviolet exec •• within and out.ide the .clip ••• oC 

1, 

u C~p during tbe 1974 outburat. Thu8 the interpretAtion 

ot the observed al trn.yiol.t $.ce •• Qf' the .ubg.1an't 

seeonuuriea in term. o£ l'II.tul daticioncy ••• me to b. 



Accordin4C to C\lrrell~ understand1ng the 8ubaiaa.t 

aecondarie. 1n u'4Co1-type .,.&t4')l.. are in the ."ace o£ 

poet ~D •• quence evo~utloft. ADd i~ ta •• uerall¥ 

accepted th.t tbe, have 10at conalderaole .a.& t. _he 

current primary. Tblla Dovled •• 01' tbe ob_J.cal 0 •• 1'''' 

aitton of the primary and .econdary compoaeota vil1 .. able 

us to under.tand tbe e.olu~ioa .~ tb •• e lnter •• '1ne 
.y.t.... My tntere.t to study tbe probl .. o£ altrav£ol.' 

eae ••• and •• tallle1t1' of tbe aubel.Dt •• oond_rie .... . 

after 1 round a t'lare typ. H oZ. .. 1. •• 10n in au T ..... ( ••• 

Flgure 2) on a 17A/ .. diaper.ion .~.ctrUM plate •• k •• 

OD 3rd ~anuary 1974 with the 1.0 •• ter tel •• oop. o£ tke 

Kavalur Ob.ervatory. Sub •• qu.ntly Batten et al. (197') 

and Pla ... oo and Pollda:.c. (197') repor'Ced ltD outbur •• 1a 

U Cop and found an inoreased ultraviolet .xc ••• vlthLD 

and outside the .clip •••• 

Fro .. Ri)eotrollSaoplc Mid photc:u ... trio •• \\-1,.. of' lItr "au, 
it ie found th&t it 1. Q typioal Algol ayot~N with 

p~rt1 .. 1 ~cllps6.. Uncontaed.natftd lIf,»ect .. " or tbe .nlb .... n"t 

.~oondarl.5 c~n bo obtained only durln8 the tot.l pha •• 

o~ the pr1rtilllry .clip •• tIU'ld, t.herefor., it i. not 

pOR81ble to uet lIucb an uncont.-lnAted .pectrum ot the 

lIubgJ.ant lIeconulilry in I1V 'fau. Since tbe dUl"'atioD ot 

totality 111 ahort aDd the .eooDdary 1. £a1nt, the 
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.oqu1.~i~on o£ apectra o£ tbe aece •• ary hlSh quality 

i. a cballense to hieh quantum eC£lcl&Qcy deteet.ra. 

U Cep and U SS., which .t .1nimuM ltch' have V _asDltude 

9.1 and 9.2 respeotively. are the t~o briabte.' A1S01 

.y.t~. vith total pr1.ary .clip.... In tbe De.t ~.w 

Qna~t.r.. an aDa~I.1. ot tbe apectra 01 'he .eooadary 

~om~oDen~a oC V Cap and U 56- are, pre.eat.d, ~olloved 

by a derivation o£ t~e par ... tera 01 the ,ypical AlSOl 

.Y.' •• au 7au. 



CtlAVTER :I 

THE CaJ£HICAL COMP0S.lT10S 01" SECONlJARY COKVON.N'fS 

ALGuL-Type $YSTEMS 

VAti1 recently, 1n£Q~Qtlon on tho •• condary 

oOMpen.Qte o€ 41«01 'T~Q _yat... hae buon obt.~Qd 

pr:1.1'.1nrily t"ro. radial velocity and pbotOf;l.'ri.o atudi ••• 

BroGd bnnd photo~etry baa Lmdicatad large ultraviolet 

8%CO.8 t'or tha 8t)oondo.r1 •• ('Tabl. 1). It. CO" nnrroll band 

photolR .. tric studl •• VS1116r 1966, Nul, 1967) have n1813 

indicated that tho •• eondc;ry eO"'l~.,.n(}l'\t. or A.1GCl .y., ... 
are 1I08tnl-poor.. The Allj'ol-typo Ily.,tem& or!cinate tro. a 

larl/te acal. trana:rer of .... 8 When the ,..condor,., which. 

".fl. the "ore mae.ive at.lir In. the or.lei-nill binarT, evolved 

filled it. Roche lobe sad lo.t JIlIIIa .. ., 'tQ the priauu·y 

CravCord (1955). Kopal (195'). Only r.cently has an 

abun(itmca .enalyaie :f'or th .... conc.l:a.riea be@D att,ull~'ted 

from high dlspor81on apectro. Naftl1an (1976) used 

fipectrulIl aynth •• l. and curve of' ,:rowtb approacbtt. to 

anal.y •• tbe apectru. or tho secondary o:f U Sare. Sf',)eotra 

in the tntervnl ')')oot to 48001 .. ho'W.d .. Ild 1d motal 

det"lc Leney (e:-./1i] • -0.7) ror the irOll er1)tlp and similar 

If 



.l ••• nt. and 'a .11Ch~ enhance •• At ror eo ••• -pro •••• 

• 1.-.nte. ,Th18 1. aD 1A~ere.t~ re.ult whicA, 1t ooa­

~lrme4 and .xCended to other A1COl .ya~ .. af .~.lT place • 

•• vere conatralnta on tbe a.a. 'ranator .odel •• 

J.., 

The •• condary oo.ponenta in Aleo1 t.ype .y.t. ••• are 

,sea..rally subg:lanCe or attant. ot late apeotra.! 'ypo _cl 

tbey are rot.atins a,nahronoU81y. 'or Chie reasoa, tb. 

rot4tt ••• l Yeloclt.ie. o£ tb... ..er. are yery hi&b co.pare. 

t.o the atugl. st.ara o£ aimllar epeot.ral t.ype. Thero~.r •• 

tbe spectra show .e.ere rotat.ional bro~anlDC 80 ~bat 

Donaal17 stroDe linea U". broad and. aballo". Ttla l1Ae 

blendiDs and cont.Lnuua le •• l UDoer.alD~' a •• oai ••• d 

wito lbe crowded apeat.ra o~ Q and K .tare era bot_ 

enhanced b, 'he rotational l1no broad.DLnc. Th... dL~ti­

cult.! •• are _inial •• d by work~ vltb red and near 

lnCrared epectra. Uncont.aminated apectra or tbe •• condary 

can b. obtained only iA t.he ,etal ph ... of' the priaary 

.clip... Syatelll8 11k. au 'tau wlth purtla1 eollp ••• 

are not. euit.ed tor th~. purpo... S1nce the duration o~ 

totality 1& ahort and tbo •• condary 1. taint, the 

acquisition or _v.ctra at tbe neo •• aar1 hiah quality 1 •• 

• ery dlf'tloult task witb ooltY.nt1onal technique.. With 

modern digital detectors 11ke the R.tican $11100D diode 

arrey, it ia ~o •• lbl. to cet llil$h qu.ality .pectra .Y" 



~or tainter star. vitb~ a ahort exposure t~e. The 

two brigbteat o~ the total~~ .G~ip.1n« Aleol ay.t ••• 

are U Cep and U SCe, wblcb at miniawa liah' have ., 

aagnitude. 9.1 and 9.2 reapectively. Tbi. aRa1y.l. 

ia oonrined to the atudy .t biGh d1eVeraloR spectra .~ 

tbe.e two obJect •• 

Spectra o~ tbe •• oondarl.. o~ U Cop and U See v.~ 

obtained with the 2.7. tel.aoope and Tull coude .peotro­

aeter equipped with a a.tiCGA Sillcon diode array 

deteotor (Veet, Tull aad X.ltoD 1978). ~he .veotra or 

U Cep were obtained Dear zero ph... of tbe prl.ary 

eolip... Singl. expo.urea cov.riDe 4)OA were obtained 

1,) 

at a re.olution o£ 1.9A vitb 0.46.1\ per d:l.od... Witt. aD 

exposure time o£ about ~lrtT .1out.. 1n ayerag. ..eing tbe 

une.oothed spectra bave a 8lgDal to nol._ r~tl0 ot about 

80. Each exposure vaa cent.red near mid-eolip.. and had 

a durat10n lIIuoh ahorter th&D t.he duration or totality. 

so tbat the .I!Iocuodar,.apect.rwa 'Vas obtained without 

contaainatioD :from ttl. 11gbt of the primary. 

were center.d aC 6200A. ',20A and at 8620.. 

The spectra 

Tbe spectrua 

centored at 8620A include. the CaLl 1o£rared triplet 

line. at d49SA. a'''2A and 8662A. The •• res ions were 

.elected beoau •• examinat,ion of the Arcturus apectru. 



r •• iona. 

The spec era ot USe. were ala. obtained at the 

.1ddla ot pr~arT .clip... The 6)20A reeloD .peotrua 

vas obtainecl br Prot'. David L .. bert and Dr • .:Jo. T_kSD 

OD 22nd Juae 1918. The lenath or the apeotru. 1. 210A 

r " /::... d 

un.aootbed .peocrwa n.a • etcoai to Aol •• r&t10 .~ ..... 

11). AD addttlonal spectrUM. wbiob w .... ntered a. 
8620A wbiob inolude. Call In£rared trlp1et 110.. v .. 

obtatn.d by Dr. Jo. To.kin Oil ~9'h JGly 1917. The 

r •• 01u1;108 1. 1.8A and ~be lens,*b o:t 'lb •• peotrua 1. ",OA. 
with 0.46A per diode. Ia.truaeDtal reeolut1oD oC '.9A 

aad 1.84 tor U Cap and U See respectively vera aho ..... 

'thtl detail. ot' t.he speotra are s:l."en belove 

~~-~~~~~--~-~---~~-~-~~--~-~~~-----~--~----
Tim. ot laid Wavelonct b Leuatll '1../ J!.eolu-Tear e:x.poBure i'h ••• at 'the ot' tbe dio- tloll center evectrua de 

.... --... ---............. -.... -~ ......... ~ ............ ---.. -~~ ..... ....-.-....... ~~ .... 
U ~.R 

1911 Dec 2.106, 0.010 6200A ":lOA O.46A. 1.9A 

1978 .feb 22.)24) 0.997 '320.,\ 430A O.It'A. 1.94 

1977 Jut 2~h4410 0.008 8620A 4JOA o.46A 1.9.1\ 

U Suo 

1971 Jul 29.)60 0.997 8620A ":lOA 0.464 1.8A. 

1978 Jun 22.292 ;,).000 6)20"" 2104 0.2) ... 1.8A 



I . 

,r.:, i. 

The apeotra of U Cap GO 2nd nece.ber 1971 and 

22Dd February 1971 were obtaiDed by Pro£. Davld Leabert, 

obtained by Prot'. D.y.td L_bert. ancl Dr. .loa TOK1n and 

Dr. Joe Tomkill. Spectra we .. e a1.. obta.1Aed or •• veral 

• t andllrd a tars. 6 C r.B (G,11%) ~ /( a.. (G81.t.t), f Gf!;J1I 

(KoIII) and ~CTC (KoIV). Tb. lin •• in tbe speotra of 

the ataadard .tar., wbich vere ob.orYod at ~b .... . 

r •• olution, are .harper tbaa ~ U Cop aDd U S._ ( .. . 
Fleur •• ), ~. and 6). This d •• ouatr3t •• that tb. 

r •• olution ia suffioiently b~ab and the broadenine oC 

•• ntal .. 

interpretation o£ U Cep. The .~.ctral type. oC the 

pr.1mnry and .econdary compclIuu:::t. al'. UTV and Q8r~I-!V. 

1'be orbital period oJ: the ay.tem iii "firy nearly equal to 

2., day.. The duration of tutal pbase 1. nearly two 

h~ur... 'I'll. <.h .. rat.\on. of' total.! t;y 10 found to be variable. 



Tablo 13 

PhysiCal parameter. o£ U Cep and U Sse 

u C.v USee 

Period (do.y. 2.49 ).38 

SepiU'dt1.0D ('tal 14.1 18.6 

Ma ... natio 0.61 O.)J 

Spec tral ty,lU B7V G8LII. D8.51V.V a2-,ZlI-J:V 

~at.l" (:-ta) 4.2 2.8 ~.7 1.9 

liadiu. (Ua) 2.9 4.8 4.:: ,.6 
Uoche radlu. (He) 6.1 ,.1 8.9 '.3 
Hy -0.2 ... 2., .0.4 +2.2 

log g 4.14 J.',~ ).9' J.~2 

V4iyn (km!.,ec' .58.9 97.' 62.9 8).8 

Vrot (urn/sec) 200-300 1G 



1D the apectru. aynth.ai. approaoh '0 aD abundaDoe 

analysle, tbe line bro.d.nlD~ re.ulting Cro. 'he 

rotation of tho •• condar, au •• be takea tAt. aacoaai. 

, 
r.:" .) 

The orbital period _d etel1.ar rad,lu. of '.8 a" (BatteD 

(1914) and C •• ter at .~. (1971)) oorr •• po.d '0 a predioted 

.quatorial rota'ional yelocity o~ '7 ~ 10 ka .-, en the 

a, •• ul1Iptlon that. tbe a.coDdary 1. rotat1D& epobrollouely. 

To cneck thi. prediction, we hay. matcbed the U Cap 

a.eond.~y ep8ctra to Gau.aian broadened speotra ot 'ho 

standard .tara. The broadenlnu ~.looitT. Tat .r tbe 

G&u •• lan velocity dIstribution. e.p (-(V/VO)2), is relat&d 

'teo. the rott:.t.lunal yolool ty by YO • f Vl-lOt. ala 1 (DueOld 

and Struve, 19~'). ~ rot.atio~a~ .. 1001t7 ot 'O~ 8 ka .-l 
-1 I, 

(Va • ~o a. ) appl1ud to tl ... v--.. 04. epeo'rua pro'Yld •• 

~ exc.llent tic to the U Cep •• eondary .peotru. (Figure ,). 

Tho .vvo 1,.;1'$1 type of Ie 0.. i. G811I and a.'ob.. the 

ola ... U"1ca.t1<.m of the •• oondary or U Cep (Bat.en 1974). 

Tl:. rotational veloc1s,y lIolu.tion le noS •• naltiye to the 

choice or .tllllldard .t&Ar. Tbe rellult .baw. tbat th .. 

,of y e'R 

Sine. the sp.ct.ru1JI oC th •• econdary 1. 80 aeyere.1.y 
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•• peoially attract~ve. Our analye1e waa dODe 1a two 

etac... The etwndard .tar ~ G •• 1 •• 010 •• a.tch '0 

tbe U Cop .eoondary. For Ie G ••• W1lli ••• (1911) ob,*.iDed 

the b •• to para •• 'ere T.rr • ~'90 X and 108 •• 2.,. Th. 

eompoet tion of Ie a •• appear. to be a.lar (Burbidge ..-ad 

aurbtdge 19'7, Wl111 ... 1911, Haneen and XJaarcaard '911). 

Colour indio.e and the epeo.ral type .u~S ••• T.,~ • ,000 ~ 

tor the U Cep .econdary (Batte. 1974). Ceste ... et al. 

(1977) Cr~ light cu ..... aynth •• l. obtained T.££ • ,080 E. 

The known .as. end radlu. (BatteD 1914) provide 10e C • 

S1nce the n.utiral •• 'd line. are 1"01atl,,01T laaeD.a:1-

tty. to emall dlfrer.no •• 1n tho aurface gravity. our 

in1 tlal anlllY8t8 took th. observed I( Gem apectrua aD.d 

broadened it hy thQ predicted aaount tor s1Dchrenou. 

rotation. Tho tit to the obsorvod U Cop secondary apeotrua 

wa. excellent (Figure ,). CleorlT. largG abuny&Ao. 

d1ff'erellcee b.,tueSl.D 0 C'tp aDd fe.. Ga. U' .... clu.cled. b,. 

ihie direot teet. 

tho abundanoe 9i,,,,l.lari'toy, w. undertook to aoooun.' ror .b. 
dU.'.1"erence in grnv1 ty be'weeD 1<- Gem anc:1 the tJ Cep 

secondary. A modol atmoapbor. vithr.zr - 5000 K. 10« a ~ 

).0 and solar composition va. taKen iro. the arid 



constructed by Bell at al. (1916). W. synthe.ised two 

.p~ctrUJl intervals: 6139.0 to 615S.,! end 6371 'GO 64091. 

An in1 tial lIne fltltleetion was na.we "~inC tbe Kurucil Im.d. 

Peytrnman (t97') tabl •• A total. Microturbu.lont velGOlt,. 

of" 2 km .-1 WP.8 adopted with Il maoroiurbul.nee of 4 loll .-1. 

the .ynthetie spectrum was :foroed to •• tch the ob"orYad 

speotrum ot t Gem. In the next step, v. rete.:1ned tbe 

revleod o80111ator .tren~tb. aLld r.~o.put~d tho spectrum 

tor model atmo."here. '1'.1'1;' .. 5250 .1:. 10. ft • '.1', 
T. te • 52,Q Kt log 6 • ).0. T.cr • 5000 X. los 8 • ,.0 
(the K Gem model), and throe difrereat input abundAnoe •• 

aolar. one-third aolnr and ono-tenth 801.8.1'. To taa.tcb tbe 

U oep .v.etrA, tbe synthotic epeetra were rotationally 

Oblflllrved and synthetic lSveot .... a in the wavelentr.ta int.:rval. 

6377 to 6409~ are compurod 1n Zlgure ft. Tho apectrum 

computed t'or lIItol.ar abundancelilfor aode.l .touaoapbere T.:t£ • 

5000, log « .. ).0 is a tZ"ood :t1.t. l.t ia olear ttll'~ with 

the othtiJ" two model. the .olar Ilbundanc:. eynthet1() a,Vo(rtra. 

a.lao provide tb$ best fit. 
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Sluce the rotational broadenlng 1. 80 •• ~er., the 

shallow ltD.. in the U Cap .econdary apectru. corr •• pond 

~o de.p •• turated lin.. ~ tbe I( Ge. apeotru.. Senoe, 

tbeir CODvera1oD to a •• tal abundance 1. subJeot to 

.od •• t unoertainty. lnapection ot the .ynthetic spectra 

.agg •• ts that [!e/aJ. 0.0 i 0.) vher. the uncertainty 

~nolud •• a contrlbatloD fro. the Tetr aDd 10e B unoertain­

~ie.. Our re.ult. are 1n asr ••• 8Ilt wi.th OaldviA (191') wbo, 

Cros a spectral oom~ar1.oD ot 'be •• condary 01 U Cep wl~ 

8Lngle star. oC tbe eaa. speotral 'ype, alao found no 

evidence of significant .otel detlo1enoy. They exclude 

~b ••• tal def':lcieno" [Fe/U] • -0.9 (~ .. a:r;"a 1967) t 

obtained frOM narrow band pboto •• try. 

The .aJor1 ty ot tb. IJ:&l •• belona to •• ta.l. 1D t.be 

rauae Na to the iroD group. The 8a IX line at 6'41.11 

1. included and a~poftr. to correepond to • eolar abundance. 

Th.reCore, we 5U~&e$t that the a-proO ••• ele •• nta al.o 

have a Bolar abundance. Thia contra..c. with Hat"tl1an' a 

(1976) reealts ror the U !:ice •• condary ",here be reported 

a metal derlciency but an a-vroc ••• oyer-abundanoe. 

claar ~vid.nce for norma~ abundance. oC iron peak elemente. 

We, tburetorttt. Conclude that the interpretation, or the VV 



exoe.. obt.lii1ned fro. tbe broad band and narrow baDd 

photometry •• an indicator of" •• tal abundance, 1. iDyalid. 

The cause 01' the UV eaoe •• could b. clue , •• !reuae'ellar 

gaa. 

Ubomb. and l'lx (1976, 1977) 8NIA1_ 1'luz .... ur .. en.t. 

ot U Cop dur~g totality and ale. out.id. tbe •• lip •• 

covering the wavelengtb interval 33001 '0 '9001, v1~ a 

bandpaa. of Jot. They tound that a larce UV .x •••• 

•• en during totality 10 1914 va. ab •• nt 1D '91'. St.l1ar 

result. were reported by ~att.D et ale (197') aDd 01aOD 

( 1976). If a .illl:11,&1" UV .sc •••• tr.ct.d. tb. photo •• trio 

ob.ervation. o£ tho a.condary ot U Cap, 1. would provide 

an explanacioD of the d1.crepaot ph.to •• trl0 .. tal abundAD" 

U Cap ahow tbe flxce.. UV flwr. In.or_.... .' •• ply .hor'ward 

o.f' 4000~. There 1e no IJ1pif'lcant exc... flux a' loa.er 

wav.lengtl~. &zce •• flux with thl. dla.rib.tieD will 

a~feot tno u band (central w.v.l.ac~ ,,001) ~ut Dot the 

v. b. and y banda (c.u~ral wavelenctha 4110, ~610 &Rd 

5470~. rQ3ilea tive.ly). "'he I!~./1'tJ at -0.9, •• t1_.tect by 

Hc,'lWlilarn \ 1961) "or tbt! •• conQU",Y o~ U Cep, 1. baaed OIl 

the di1Tereuco bot.ween 1,. 8 1 index (which 1. lDdeppdeA' 

of u) and the ~1 indices of .tara in 'be .... 10catioB .r 
II c 1 ve.f'8U8 o-y dlOA,gr&lh The 01 inde. depends direotly on 



~ aDd, tberetore, •• y provide a .181.adLnc locatlon ~ 

tbe 01 yerau. b-y dlag.ram and, thence, a .1ele.d1nc 

'Btl~at. of the •• tal abundance. W. not., bowever, tbat 

by Batten .t al. (1915) and Plav.o and Pol11dL~ (191'). 

the UV esce •• v •• greatly reduced, thaD an altern.tlye 

2.' Apolf!1, o~ the Sp.gtra g[ 'hi S!egpdetX Coepog'p$ 

U Sse 1a anoth.r 1nt.reut!r)« Alaol-type 010 •• binary 

8yatem. The orb1tal period of tbe ayet .. 1. '.38 daya. 

The duration of' totality i. 112 Minute.. The speotral 

type. or th' primary and 116con..Jary cOflllponemta are B8., IV-V 

and 02-3 IlI-IV (OlD.ter and .Pucl1.1o (1912) and HcHaaara 

and .'elta (1916». Tho physical p.r .... t..r. of' the ayat •• 

are elv~n in Tab1. 2. ~.c.nt11 Tomkin (1979) deter_inod 

the v.locU~y cur'1leJ ot tbo t;econd.o.ry o£ U Sge. The •••• 

ratio and nw.s ••• of' til" prirraary and. aecondarT deterainad 

by him are: 8 2/. , • 0.)3 •• 1 • ,.7 -a aud -2 • 1.9 ~ 

re8p.ctlv.~y. Thus tho SystON para.eters are now known 

accurately. l'he m':;'l.'$$ rati.o or U C~p 1" 0.61 



."ocent}.), ~atti.lao. (197b) jtoua.d taild aa8t.a1 .. t101 ..... ,.· 

r "\ 
t!.e/u J • -0.1 f'or tbe .econdary c08tponen* ~ V ac- .1'&,,_ 

an &nalya1a o£ tn. ap<&o tl"6 in tIle interval 'SOOA t. 4aOOA.. 

T eef " })'O a. :tor t.b0 u.cClUnUtlX'Y.. 'I'h. ilia.. IUld .. ad"". ot 

tbo ""eor.dary {l'abl~ 2} vrovid ... log 8 II ).2. 11te •• ap.ted 

rotutional. v.looi', V is tound Co be I,.a ka/ •••• 
871' 

The MoDonald .p~otrum o£ US •• waa ob'aln.d •• the 

mid.dle or' priluary .c11p.8 on ;.22D" June 1978. 

The reCilolut.:l.on la 1.al with O • .2:lA/aiod.. The 

unucnoot.h~d IJpectrUllfl bu. a .lana1 'to nol •• r .. t10 .f 11)" 

From the orb1t .. ! p@rioa and radius of' tb ••••• DdIlS'J" 

(Table 2) t.bu calculatod synchronous ro ••• .s.onal •• 1001t7 

ia 8).8 lI.m/3fJC. To chock thlo W0 bo.ve matohed the t1 8.­

lIu»c,;;nu.~!"y 6J::20A r~E;i()-n. .~.otrulfl aLd 0620A r •• 108 .pClctrwa 

th(1 • .'ot;.;..,ti.on~l, volocity ot' tl"10 ~.con,O(1ry OO_1"olumt. of: 

U Ce,l'_ ;, J,"\.ltatJ.Ol.lal. v$locity ot 7' kDI .-1 (VO • ,50 lea .-1) 

Cr£!, apoc trulJI vrovidee ... Dod t: 1" ~o tIM 



, 
apectrua of (0) erB i ... clo.e 1'1 t to tbe IIpectrum or tbe 

•• ooDdarT co_poneDt of U Sse. While the 'eX lLn •••• tob 

".11 there are 811gbt deviatlons notlced 1n tb. reslon o£ 

T~X lLn •• Dear 6260A. llowe.er. tbe .p.ct~ tftterval 

6250A to 6260A a.tell •• very ",.11 with the broac:lened speotral 

region o£ ~ OrB. This re.ture 1. • 1>1«04 or VeX, SiX, NiX 

and TiX lino. (Figure ,). ~1 .. 11.rly the epeotral re.loD 

near 624,A wblcb 1. a blend .t SUe SoI U14 FeI line. 

" .aton •• perrectly with the broadened apectrua of d erB 

(V1gure ,). A a1ml1ar cl0.e tit 18 ••• G ~ the interval 

6J1SA to 6"OA. The .feature or 6,18A 1 •• blend ot CU, 

MgI and Fer lin •• and the feature at 63'" is a blend of 

t11.. broadenod spectrum of' C er8. Slaa11aa-ly the broadened 

.peotrum ot 0 era (G511~) &1*0 .atcb •• very well with 

",av~leueCb interva.l 8400A. ~o 8~OOA. Sine. tbe abundlMloe 

of' elemeut., in (~ erU is ugoqal ~./tij • 0.0. aud aine. 

\UO broadom~d itt>dctru. o£'~" Cd! .. atohea very well with 

oonolude that: the U Sp lIecondary i. Dot •• tal def'ioiel1'i. 

Naftilan (1976) baa reported. moderate •• t~l d.~lcl.nc1 

( ~:./HJ • -u.7) in U !:ige a.condory f'rolR an analysi. of' 

'ita spectrum in tbe reGion :l,OOA to 4800A. 'With a180 a 



alight enhanoe.ent ot .-vroc... 81ameata. Since tbe 

'emperaturGS aDd grftvitie. ot tbe .eoondary c .. pon.nte 

o~ U Cep and U Sge ar. comparabl. ( ••• Tabl. I). W. 0_ 

oompare eynth.st.ed speotra elyea in ,~. 4. The 

olo ••• t Model a.tia£yiD£ the t •• peratur. and craylty ot 

U 8ge •• oonc1ar1 1. T. • '250 I( fWd loa " • ).0 ( ••• 

3.1 

Fl£ur. 4 and Table 2). Comparison ot tb. ob.erved epe •• ru. 

ot the U Sge .econdary tn tbe wavelencth interval 6371 

to 6409A with tbe .ynth.ai •• d .peotrua in that recloD 

with T •• 52,0 & and 106 & • ,.0 (da.hed lin. iD r1cur. 4). 

We rind DO evidenoe ~or .eta! d~flo1ency. The ayathe.i •• d 

.PGc~ru. match •• well with the observed .pectra •• ~ U Sc­

•• condary_ Fro. the .ynth.a1a.d epectra It 1. ol.ar 

that a a.tal deficienoy or ~./~ • -0., produc •• aianl­

£icBnt d.vlat1o~ eyen 1n tbe Ca •• of .tro~g ltD •• when 

compared witb • speotru. syntbesized witb DOr.a1 .etal 

abundance •• 

Fro. the above dl.ou581on we can conolude that the 

•• condary of U Sae 1. not .etal. d.riol.n~. Bow •• er, 

a detnll.d curve ot crovth and speotruM aynlh •• ia analyel. 

The intorpret'ltion of observed UV exc ••• 01: the 

term. of !li1i!'tal defioiency is not valid. !>lcNlultara and. 



{ " , 
tJ I~,' 

i-el..iz (1976) t'ro. uvby photo .... ry f'Ound 1!e/li] • -0.6 

tor tllO •• condarT comv<uuul't or U Sse. MoNamara and .... 1 til 

(1976) ~ro. UYby pho~oa.try or U s._ £ound aor. ultra-

violet radiation near the bealnn1uB of totality than .t 

tile gIld of tot;al.1ty. They also round ill .... ihe ob •• rTed 

ij, .... ot' 11~ht sinim" 1Iere del.,.ed by 43 •• cond.:.I.n " 

re1atlve to 'be ob~.rv.d 11Sht .1niMM in£err.d ~ro. the 

v, b ~~d 1 Ob3GrvntioB5. C •• ter and Pucl1~o (1~72) &1 •• 

cae .trenlft or dislt on the rnd111atioD of' the G2 .tar. 

A similar phQuo~enon va. noticed ~ V Cop and RV Tau 

( ••• f1tiur$ ,. ('.lui lb) and Sll CYB (}~ .. ll and Carrl.l>D. 1972). 

Th. dU1"'etion or tota .. 11ty in these tbre.., 81'&1;$m& 1,. abort .... 

1n U thnn in n {\I)d V. tIall and Garr1aoD (1972) 1nter-

pretod tho observed UV exoea6 in SW eyg in terms 01" oon1.a-

minnt10n 01" the 1';olcuro 01' the 8oconc:1u.ry component by 



Ob •• ryatloual de'alle o~ the 1ntrared epec.r. ot 

the •• eoadario. of U Cop ad V See ia tbo .... J... 0" tbo 

CaLl tripl.' 11n •• are civea in Chapter 2. 

Fro. ,. iguro 7. "e DO tJ.c. -.na" tho C al.I iDt'rared 

tripl.t 11ne. are .eak to the •• eondari •• of U Cop aDd 

U Sge rel.U.vo to tbeir tnt..noitio. 1A ataD.dard .t ..... lD 

oO/llpar1ns t.he evectra. tbo atandard atal" epeotra are 

broadened by tbo prediot.ed rotational ".looltl... More 

aeconoarie •• 

f ~ . 

vI.) 

In norMal atara. the oor •• ot tho Call liDo. (aDd the 

Hand K linoo) aro tormed in the cbroM •• phoro. Tho 8 and 

Kline omi •• ion lnteneit, 1. Cound to b. aD ladlcator of 

cbromo.ph~rio activity (Vileon and Bappa 1"1. WileoD 1963). 

Slne. the Hand K 11ne. and tho inrrarad trlplo~ .bare 

a common upper etate, enhanced cbroa.8pharlc •• la.loa 

.1n the H Nld K liEle. i. 11k-ely to be acc018panicd by a 

'Weakening o£ the lnt'rared ab.orptioD liD... Baldv:lD (197') 

report",d tUa.t the Cal.! K line in tbe .. pectrua ot tho 



•• coDdary of U Cap appear. to be Eilled ~ by .. i •• lon. 

The tI and X. liD •• oC Call are a1 •• Cound to be in .. 1 •• 1oD 

and are ot hieb intenaity ~ the apeotrua of the ••• ondary 

compODont of S V.l (Bond 1972). 

The correlation between atroAC H 6D~ K •• 18810ft aDd 

weaker abaorptlon 11n •• o~ Call iDrrared triplet .aT vell 

be found La otber bineri •• vith a lat. type "lant GO_po­

n_nt. An exaaapl_ 1a cr~ Oe. (.K1 Ill, P • 19.6 da,..) 

which 1. a 81D81e liDed apectroaoopl0 bl~ary with ~ lin • 

•• i •• ioD laten.lt,. ot , OR tbe .eal. oC Wil80n and Bappa 

abOV8 that the triplet lin •• are weaker thaD. :I.n. •• tBDdard 

.tar or .lallar .poot.ral type. Attrlbuti.oD ot 'be Call: 

e.ttect. to enhanoed Ohromo.ph.rio activit,.· ia oont'lnaed 

by tbe detectioD of a atrone Ilel 108.30& line in (f 0 .. 

(.Glrln 1976). 

Shine and Lin.ky (1972) haye .tud.1ed the Call l.t.n •• 

in tho active and quiet reeion. of the 8am. In place 

reglon8, the infrared Cal~ line. are veak relative ~. 'he 

line pro£11.a obtained 10 the quiet recion.. ~n a weak 

plage, tbe 8498A line, tbe loaat; opaque of tbe triple" 

line., show. a definite double reyeranl. The oore. oC all 

line. abow reversal. in the brlBb.t lin... Dl:f't'erence. 

between quiet ana ylage region. are attr1buted to lar •• r 



ohromo.vb.r~o t •• p.ra~ur. sr.d~.ut. and tbe r •• ult~ 

increas. in electroa doneit, 1D place ",eclons. 

The •• eundary Components at U Cop and USee have 

maeslv. companions a ••• t. incr.... the chromoepheric 

l10e 10 s~.ctro.copic binari.. 1 • .ade by Gl.bockl aDd 

Stavlkowaki (1917) and Younc and ~oni ••• (1?77) and 

Evan. (1977). They r~d a oorrelation betwe.n K l~e 

indicat. that the tidal 1' ... 0 •• CAD change .truoture of 

tb. obro.-o.phere. in lai. type sianta. I.t we estend tbl. 

analog, to tbe .econdary co.ponoata oC A1COl .yste.~,th. 

tidal forc.. on the •• oondary by 'be •• s.lv. hot 

compan10D are enormous. Further ob.ervations oC Aleol 

.econdari.. in the reSion of' a and K lin.. aad intrared 

triple' 110ea of Carl are aeeded to .tudy tb.lr cl~o~o.-

phoria Activity. 

In oonclusion, ve not. that there 18 a very 81«nltlcant 

amount ot oa~oiu. chromoephoric •• l.8ion to the 

.econdari •• ot the Al&ol-type .yeteme a •• bOWD by the 



•• 1 •• 1on orlclnatLnc troB ... ncte. cau •• d by the 

conveot1on 80ne in tbe .tar (Sappu and Slvaramaa 1911) 
~ 

tbat ... ya •• ly .. pll£1~ by '1d&1 distortion. 



AN ANAL ftilS iJF TUI/; L.1GHT AND Vl.LOCI1T CUlffES 

The lich- variability .t 8V Taur~ ('-.7. B9V) was 

discoyered by Stro~.i.r (1960). Ma.mano •• al. (1967) 

(ouad it to be a s1ns1e lined spectroscopic binary and 

determined tbe speotro.ooplo orbital elementa. Becau.e 

ot ita brightn.... sbort period. early .pectral type and 

the po •• ibility ot total eol1p.8 (M_ano at al. 1967), 

I decided to stady 'he -Tate. photoelectrlcall,. IU1d 

4.1 Vh9tometr19 ,1,.,nt. or up Tauri 

Photometric obserYationa ot au Taurl were made witb 

OD 24 ni&nta durin& Janu~rT 1971 - January 1973. uflLng tbe 

.t~ndard B and V fllter, a GRt230A DC ampliCier and Brown 

recorder. HR 1472 ana 1~ 1479 were a.ed .e the comparison 

and aheck stars respectively ( ••• Table 3). A total ot 

6,8 blue and 453 yellow ob,.rvations were obtained. All 

the obaerv'l.tionli v<!!Ire correot.ed -tor D,taospherio extinotion 

ueing the nightly at~o8pber1c extenotion coe££iclent. 

t' . 

J( 



3u 

Variable and oomparlaoD atara data 

-~~~----~~---~-~~~~-~-----~~---.----~~~----~--.-Y B-V U-U Speotral 
.--~~-~~-~~~-~-~~~~ ______ ~ __ ~ _____ ~_lZIl __ _ 

Variable au Tau 

Oomparlaoa llli 1412 

Cbeck 

!h19 

4.68 

-0.06 

+0.1, 

&«tv 
A8V' 



determ1Ded fro. the ob.Gr."tiona o~ the Co.parisoD .tar. 

Atter applying the extinotion oorreotions tbe extra 

atMospberio .. aen1tude dlf'reren.ce. b.. (Tariable .tar -

comparison .tar) LA blue aDd yel10v were obtainad. Ia 

Table '8 and Sb tne heliooentrio ~ull.D day oC ob.ervation 

and ~ and Aay are liated. The variation in the 

ob.~rY&d _agnitude dl£ter.ac •• betw.en the o~p.rl.on and 

cheok .tara DD dlf,rerent Dipte 1e to'W1d to be .:t 0·.01,. 

ut» standard .tare vere ob.eryed on tbr •• 8lebt. during 

February 1971-.Januar7 1973. ..:tter oorrecting for atmos­

pher1c extinotion tae atandard .tar ob.srYations were 

u •• d to d.t.r~ln. the macoltude and oolour _ran.formation 

Go.erlelenie by lea.t squares •• thod. The aatra atao.pherio 

BUlcni tudes and colours ot' the standard .tara, and tta 

lQaanltudo and colour t.,ranol'oraat10D Gael"f"ielent. arc givea. 

in TQblo 4. Tbe c.u.rreroIlClu.l _G.4nltud •• (v&rlable -

comparlsun) liated .in Table ,. aud .5b are on i.ba iustrulOental 

FrOID the photomotric observai.l.uns li3ted 1n I'nbl. 'a 

nnd 5b .to\\'I' tl.a:. ... " o£ pr1~ar'y .U:.J.IDUM and two t1weet oj.' 

~*,condnr,. mlnlmut& of til) Tau are d.terAlitned and tall listod 

in fable 6. (}n the baaie 01' photOlErnf,hlQ obeerv::..t.lone, 

Strohlllei_r ;.:,..e.d ;I.nit;«:e (1960) det6rl.llincd t.he :following 
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Table 2-
Te~~ov Ob •• rTat10n. of' au Taari 

S.No. JD(ho1) A·v S.No. .m(lwl,) A_v 
2440000+ 2440000+ 

-.,.. 
- -·If~ 1U1-'.l..1.<:1 U.Utf'} , 

1 101 C. 1 044 0.433 
.. E1 1013.1615 c.on 

2 1010.1C67 o. I.> 11 ee lC13.lI: n 0.092 
• 1010.1162 1,).4')7 e<; 1013.1721:> C.044 
4 'iC 1013.1 744 0.034 101C.12CC 0.477 'i1 lC14.C010 C.3-';5 5 1010.1280 0.47'1 <;2 lOt4.C717 0.3'11 ~ lCIC.1314 0.451 q .. 1014.0<;A4 0.461> 1 1010.1438 0.33'1 <;4 lC14.0Q90 U. 4d 3 e lC1C.1410 C.299 <;~ 10t4.11Cl C.57o <; lC10.155,) 0.20u C;~ 1014.1114 O.5ill> Le 1010.1 qA 0.239 <;1 1014.1176 C.6J!:! 11 1CIC.1618 C .19<) 'IE 1014.1183 O.63~ 12 lelC.17C6 0.161 c;c; 1016. C ~48 C.IOO 13 1010.1<)63 0.0<)0 ICC 1016.0<;62 0.106 14 101 C. 1 'Jea C. ')1')0 

1~ leI C.::: C1l C.096 
H 1010.2e95 0.102 101 1016.1CJ1 (J~ 1 .. 3 11 1010.2335 C.O'll lC2 lO16.1C56 0.102 IE 1010.2356 O. oo~ IC! 1202.2 C81 0.03!l 1<; 1010.2541 0.oa9 IC4 1262.2193. c. Cl42 2C 1010.2511 0.056 1C5 1262.221') c.nn 

lC~ 1262.2;68 0.040 
21 1010.2439 0.085 

1Cl 1262.2623 0 .. O3!:> Ice 1262.27C6 C.035 22 1010.2464 O.t..llil:l 10~ 1262.2706 (J.033 23 lCll.O<110 c.on lle 1262.27119 0.034 24 1011.C'J'i3 0.106 In 1262.284'5 D. ')0 0-25 1011.0'165 0.105 112 1202.? a 82 0.047 
2~ lCll.1'.:n C.1u5 113 126<).3523 C.044 21 1011.U06 0.1 iJ6 114 126<).3662 0.078 Z€ 1011.1226 o.o<Je ll~ 1269.3766 0.064 2<; 1011..1231 0.lfJ2 116 1269.3989 C.042 lC lCll.l~~8 C.079 117 1269.4C12 C.013 31 1011.1372 C.0·T9 11S 1269.4l48 0.071 32 10LL.1486 0.054 llS 1269.42111 C. 01 7 ,. 

1011.1497 0.002 12C 1269.4280 0.007 1~ 1Cl1..1638 C. Ob 7 
1~ tO l !.1650 0.071 
H 01.U11 O. 06:~ 121 1269.4357 0.013 J1 1011.)178 C. ,)13 122 1274.1'147 0.052 
3E lCll.1189 0.080 12; 1214.1 <J66 O.O'H )<; lOll. 1"103 0.044 124 1274.2C47 c. OI}l) 
4C 1011.1'l11 O. 021 125 1114.20S4 0.079 

126 1274.2107 0.110 

1011..2C35 0.03tl 
121 1274.2161 D. OBI 

41 12e 1274.22C9 0.116 
42 1011.2':42 0.03 <J 12<; 1274.2"3co, 0.073 
43 1Cll·P57 0.06~ Be 1214.2306 o.on 
44 1011. 164 0.062 131 1214.2433 0.103 
4 C 1C11.2215 C.0n 132 1274.2442 C.1l6 
4<: lC1l.27Al 0.06.1' 1~" 1174.2651 0.0"16 "" 47 1012.0802 O. rj'l 134 L214.2658 0.103 
4e 101l. IJ831 0.174 135 1214.21'l1 0.100 
4<; lC1l.0P.5C 0.784 136 t2 74.2305 0.134 
~c 1012.0'122 \).7 A 'l 131 1214.2020 C.123 
~l LOL2. 0~2q 0.lJ19 Be 121S. L6l6 O.LL3 
52 l012. O~58 0.8); 13<; 1275.1640 0.114 
53 1012. cno 0.853 14C 1215.1754 0.114 
54 10 L l. 11)3 A O.H'D ." 101L.IC45 C.lll> G 
~~ 1012.1 C51 0.131,9 141 1215.1161 O.ll~ 
-31 1012.1058 0.3dl 142 1275.1867 0.143 
SE lO 2.LLC4 0.lJ90 43 1275.1878 0.15u 
5<; 1012.11<)0 0.813 144 1275. t .,92 C.231 
IiC lOll.1251 0.lJ57 14~ 127S.1~<;9 O.24C 

146 1215.2151 0.2tl4 
L41 1275.2157 C. )00 
litE 1215.2255 0.B7 

61 1012.t274 O.87u 14<; 1215.2264 C.356 
~2 1012.1288 0.852 ISC 1275.2160 0.431 
63 1012.1 H1 (l.BO? 151 1275.2361 0.453 
64 1012.1382 C.80& 152 1275.2·416 C.5.)5 
liS 1012.1405 .).H04 153 1275.2484 0.545 
CC 1012.l4A6 0.774 154 1275.25Q5 0.631 
61 1012.1583 0.078 155 1215.2;<;<) 0.666 
6f le12.1 '.i~3 C.671 lS~ 1275.21:<;2 C.716 
6<; 1012.11:>71 0.5')7 151 1275.2&'lQ 0.727 
1C 1012.17ell 0.535 1~f. 1215.21C;Q 0.780 
71 L012.11:l08 0.433 15<; 1215.2801 u.78Q 
72 1812.1:l33 0.427 16C 1215.2854 0.815 
7~ 1 12.1<;')1 0.375 
14 1012.1'172 C.365 

1275.2855 0.824 7S 1012.204'1 0 •. 319 161 
76 lO12.?C72 0.305 162 1275. 2 ~ flO 0.845 
i 1 le13.0765 C.070 It:3 1215.20;87 O. <36 7 
78 1C13.0782 0.057 164 1275.JC31 O.t170 
7':i 1013.0,88'1 0.071 1(:; 1215.3'J38 0.3Hl 
8e 1 f) 13.1 COL 0.141 1(:6 1275.~~64 0.835 

167 1275.3275 0.341 
1(:8 1275.3 J 15 0.1:11<; 

81 1013.1126 G.,lZ 7 16<; 1215.3382 J.d14 
82 1013.1154 0.103 l1C 1275.31'46 0.714 
83 1013.t216 C.118 171 1275.3446 C.732 
84 1013.1237 0.121} 112 1275.3563 !J.674 
e~ ~gn'1~1! g. h ~':: 173 ~n~· ~?lQ Q.~~~ 

~-. 



Tabl.. ,a - continlled 

5.110. .lD(bel) A.'Y S.No. ,.m(bel) A.'Y 
2440000+ 2440000+ 

., , .. &.L,:;J • .:1Q,1:,. \J.';:J:J"1 '.~ 
C.030 11~ 1215.36H 0.560 261 1681.1417 

11l: 1215.3114 C.4'14 HZ Ib87.l441 0.02Z 
111 lZ 15. '3 TIn 0.4d6 263 1687. Z 545 0.018 
IH 1275.388<) 0.3'11 204 1687.2 'i16 0.OZ5· 
11<; 1275.38<)4 O.3fltl 265 1681.Z6<)1 C.024 
1SC 1215.4C05 C.303 2H 16111.2115 0.023 

2"6,1 1,681.27<;<) 0.013 
'268 1681.2820 0.000 

181 1215.4C17 0.301 26<; 1687.28<;9 0.042 
lB2 17.15.4t72 0.193 27C 1687.2920 0.046 
Ie 3 1215.4182 0.ZU6 271 1681.3C04 0.050 
leI, 12'15.4189 0.1.8& 272 1681. )C31 0.045 
le5 1215.4j21 0.135 2B 1681.31.15 C.056 
le6 1215.4128 0.140 2710 1681.3139 0.053 
lel 1215.45CO 0.105 275 1681.3213 0.044 
tee 127').4505 0.114 p6 1681~ 3234 0.036 
le<; 1215.4615 0.091 11 1681.3366 0.025 
l'.1C 1215.467.2 0.101 21E 1687.31031 0.03Z 
1'H 1215.4114 C.0,)9 21<; 1681.1110 0.034 
1<;2 1215.4721 0.0<)1 2eC 1688.1C62 0.015 
1<;3 1295.1594 0.OZ9 . 
194 1295.1602 0.011 p..~':" 

195 1295.11Cl 0.067 2el 1688.1C76 O.OOb 
196 1295.11Sl 0.1)44 H2 1688.11:52 0'.032 
1<;1 1295.1189 O. 050 283 16d8.1214 0.U45 
1ge 1295.1893 0.058 284 1688.1314 C.031 
1<;<; 12<15.1 'lC3 0.113 285 1688.1443 0.032 
2ee 1295.2018 0.051:1 2ei: 1688. U16 0.020 

281 1688.1585 O.O~ 1 
zee 1688.1fJ'l2 0.0 6 

~C1 1295.2025 0.056 28<; 1688.1 764 C.046 
C2 12<;5.2186 0.043 2'lC 1688.23'l5 0.062 

203 12'l5.2194 0.066 2<;1 1688.2454 0.016 
2C4 129 '5. 22<;Z 0.048 2<;2 1688.2.313 0.092 
2C~ 12<15.2 '3C9 0.046 2<;3 16e8.2512 0.063 
2et 12 <;5 • .2 652 0.055 2<;4 1688.2631 0.044 
201 12<15.2611 0.060 H5 1688.28S8 0.045 
20e 1295.7.618 0.054 2<;(: 1688.2914 0.068 
200; 1295.2168 0.052 291 1688.2H3 C.065 
21C 12'l5 • .2115 0.U52 2'1S 16f!8.3e24 0.0·',0 
211 1295.2873 0.049 2C;C; 1688.3(l80 0.074 
212 1295.21319 0.041 JeC 1688.3.132 0.045 
213 1295.2<;<;9 0.024 
214 12'15.3C07 0.028 
21~ 12<;5.3150 0.035 3Cl 1688.3191 0.050 
2H 129S.3157 0.033 3C2 169~.1266 0.032 
211 1295.3294 0.024 ~c :3 16<;4.1290 0.042 
21e 12'15.3301 0.024 3C~' 16<14.1360 0.057 
210; 12<;5.3'391 0.055 3C5 169~.1439 0.045 
2ZC 1295.3405 0.051 3C i: 1694.1508 0.041 

31:1 Ib94.1'5<J1 0.043 3ce 1694.1895 C.035 
221 1295.3514 0.028 3C<; 1694.1990 0.027 
222 1295.3')21 0.019 31C 1694.2C64 0.011 
223 1295.3 ell 0.058 HI 1694.2211 0.034 
224 12'15.)818 0.060 312 1694.2336 C.052 
225 12<;5.3<;12 0.100 313 16<;4.2409 0.048 
2U 12<;5.3<;20 0.057 314 1694.2470 0.053 
221 12<J5.4018 O. 030 31S 1694 .. 2531 0.066 
22E 1295.4C27 0.036 Hi: 69~.25es 0.02.6 
229 1295.4141 0.049 311 16<14.2640 0.01i1 
23C 129S.4146 C.040 3lE 1694.26'16 C.018 
231 12<J'l.4255 0.041 H<; 169~.2 756 0.040 
232 129').4262 0.043 32C 16<;4.2836 0.044 
2~1 1349.1183 0.135 tJ 234 1349.1861 0.204 
235 1349.18'H 0.072 321 1694.2<)04 0.050 
2J~ 1349.1<;;52 C.I04 322 16'14.2'165 0.045 
231 1349.1'116 0.132 323 16<;4.3C31 0.045 
23!! 1349.2C41 0.081 324 1694.31CO 0.046' 
23~ 1349.2 C75 0.184 325 1694. H 11 0'861 24C 1349.2141 0.112 32~ 1694.3294 O. 65 

'7.:'1 
321 694.3 JEl2 0.049 
32 E 1702. L215 0.055 

241 134'1.2114 0.034 32<; 1I0Z.1244 0.061 
242 1349.2261 0.211 Be 1102.1322 0.059 
Z4! 1349.2342 0.221 Bl 1702.1645 C.062 
244 1349.2Hl 0.295 BZ 1102.1728 0.037 
2~5 1341.2483 0.295 ~~., 1102.1821 0.027 
246 1349.2506 0.362 ~34 1702.2C26 O. 06B 
241 134<J.?~80 0.381 335 1702.2C90 0.041 
24e 1349.2611 0.374 3)(: 1702.2160 0.033 
24<; 134<:).2681 0.4'1'1 331 1702.Z234 0.010 
25C 134<:).26<:)6 0.50'1 BE 1702.2341 C.040 
251 134Q.2726 0.535 Be; 1102.248<:) 0.043 
252 134<:).2830 0.512 34C 1702.25<:)3 C.048 
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4Ce 1295.3533 -0.201 4S4 1694.Z284 -C.208 
4C1 1295. 3112 6 -0.192 ,,<;!S 1694.2150 -0.218 
4ce 1295.3 Il31 -0.115 "H 6"4.2<.\,:; -'0.231 
4C~ 1295.3'>28 -C.2Ub 4'l1 1694.24 6 -0.1134 
4lC 12"5.3944 -0.202 4<;8 1694.2536 -O.~6b 411 12"5.406 -0.205 Itc;;.c; 16'l4.2,)92 -0. (J 7 
412 1295.4042 -0.208 SCC 1694.26-41 -0.115 
It 13 1295.4153 -0.204 
0414 1295.4160 -O.lQS 
415 12<;5.426" -C.205 5C1 1694.27C6 -0.217 
4H 1295.4276 -0.210 5C2 1694.2166 -0.201 
411 1349.17'H -0.154 ~C3 1694.2e4'i1 -0.200 
41e 1349.17«;9 -0.1:> 7 'Cit 1694.2'111 -0.117 
41S 1349.1816 -0.155 5C~ 16<;4.2<;1'3 -0.1 as 
42e 1349.1883 -0.093 5Cl: 1694.3046 -0.2J2 

~Cl 16"4.3106 -0.204 
SCI' 1694 .. 3160 -0.204 

421 1349. 1 ~60 -C.I72 SC'i 16'i4.33C5 -C.169 
422 1349.1 'l6 7 -0.193 ~lC 16<14.3372 -0.171 
1,23 1349.2050 -0.153 511 1102.1230 -0.21 Ll 
421t 1349.2 C65 -0.144 512 pOZ.1237 -0.204 
425 1349.2153 -c .. US ~13 7C2.1352 -C.219 
I,2l: 134'l.2160 -0.11 " 514 1102.1656 -C.227 
421 1 '349.2210 -0.080 H5 1702.1742 -0.217 
428 1349.2)51 -0.040 51~ 1702.1 e3'1 -0.211 
42<; 1349.2360 -0.023 511 1702.2834 -0.220 
43C 1349.248<:1 0.0106 ~lE 1102.21C2 -0.214 
431 1349 .. 24<;'l 0.053 ~lCj 1702.2169 -0.234 
432 1349.25«;1 0.133 52C 1702.2243 -C.200 
433 134".2601 0.'1'47 
434 134".27C7 0.232 
415 134'1.2714 O.2ZG 521 1702.2368 -0.210 
~~~ ~ ~~,!. ~ ~.91 q.~l.!L _lH !1Q~·~~1~ -g.~,!~ 



Table ~- GOlltlllaeci 

5.Ro. JD(hel) b~ 8.1(0. .JD(hel) A" 2440000+ 2440000+ 

"'il ~ 1 'U"."b~" -U.l"" u~ llur • .t.llr;, O.'L ( .)" 1702.266C; -0.19/.) H. 1707.2231 0.1 .. -r-
~2~ 1702.2 no -<1.1'IC tl3 17C7.2280 O.llo 
~2{; 17C2.27eS -C.2'J8 Ht, 1707.2'33 7 0.111 
521 1702. Z ~"3 -0.2 '),. H~ 1701.1141 0.50<) 
~2E t1U. ;><;12 -0.1 li2 tH 1707.17.41 ~.626 
~2Cj 1702.2"117 -0.21.2 U7 1707.14<;3 0.664 
~~( 17C2.3::48 -C.195 He 17C8.1126 -0.07') ni 1704. zen -".211 H'9 17C8.1458 -0.17q 
'!~2 1104.2 r.qa -0.2.35 t;!C 17C8.1531 -O.15Q 
5~~ 1704. 2l '14 -0.140 
'!~" 170".7.:'CO -0.140 
~35 170 ... zzee -0.176 ~21 17C8.l6C1' -0.133 
'!~l: 170".22'l7 -0.153 622 1 7C8.161 7 -0.126 
S~l 1704.Z1H -O.tal,. t2~ 1 7C 8.1682 -0.143 
a3e 1704.2 J81 -0.176 t24 17C8.1744 -a.lE 
!"3Cj l704.2458 -C.l03 t25 17CS.lil04 -0.176 
~4C 1704.Z61~ -0.176 t26 1708.1d66 -0.164 

l:21 1 7C 8.1 <;18 -C.140 
l:21! 1708.1')70 -0.14Q 

541 1704. HCll -0.18 .. t2Cj 1708.2 e22 -0.163 
!42 1704.2'146 -o·laq 63C 1788.2210 -0.179 
4~ 1 7C4. 2 '121 -0. 'H l:31 17 8.2:~16 -0.157 

i"" 1704.2<;A2 -l).ll) ~32 11C8.£242 -0.173 
.4!! 1104.3041 -C.129 t:~3 1708.2').08 -0.174 
5"6 170".31CO -O.ln t:H 17C1.2555 -0.195 
541 1 7C4. 31 73 -C.189 tJ5 110~. 2153 -0.221 
S4e 170S.1168 0.5~7 l:3t 1708.2823 -0.173 
~"Cj 1 7C5. II 75 0.571; tH 17C8.2871 -0.184 
·SC 1705.1253 0.625 63E l1C8.2,)71 -C.24" 
!51 1705.1,48 0.270 
~'52 1705.1614 0.206 
!!5J 17C5.161" C.20b 
55~ 1705.1624 0.207 
~~5 1705.V,'14 1).180 
• '.it 1705.1760 0.126 
551 1105.1710 C.140 
~5e 1105.1867 0.016 
55<; 1105.1876 11.090 
5H 1705.1SH -0.035 

561 1705.22'16 -0.148 
~~2 l1C5.2358 -C.l92 
563 1705.256'1 -0.161; 
56" 1705.2622 -0.191 
~t:5 \705.2678 -0.199 
5H 705.21ea -0.17,+ 
5~1 1705.2~37 -0.161 
568 170:;.2~'10 -0.15tJ 
56'1 1705.2S'I6 -0.168 
~lC 1 lC5. 3C52 -C.143 
!:1l 1705.3105 '-0.1,9 
!:12' 1706.0<;S9 -0.1'>2 sn 1706.1C76 -0.ld5 
'.!H 1106.10'12 -0.204 
~7'.! 1706. It 74 -0.11:11 
57l: 1706.1245 -0.178 
~77 1 7C6. 1 ,]2 -C.193 
~le 1706.15'16 -0.169 
J7Cj 1706. 1664 -0.lS8 
5ec 1706.1126 -0.114 

581 1106.18C6 -0.lli4 
582 1706.1863 -0.1 qe 
5e3 1706.1S17 -0.201 
58" 1706.1'114 -0.219 
'Je5 1706.2027 -C.023 
586 1 706.2 C]<J -0.013 
581 1 7C6. 213'1 -0.158 
'jE e 1186.2194 -0.196 
580; 17 6.23C6 -0.192 
5'1C 1706.2320 -0.219 
50;1 1706.2315 -0.191 
'.!Cj2 1706.2438 -0.190 
593 1706.2490 -0.215 
59 " 1706.25"3'1 -0.241 
5'15 1706.2588 -0.219 
5'lt: 1106.2638 -0.2 a 1 
5'l7 1706.26QO -C.l'H 
5'le l1C6.2745 -C.221 
5'lCj 1706. 2 1'~6 -0.219 
HC 17C6.2886 -0.213 

~01 1706.2935 -0.196 
6C.2 1706.2<;<;1) -0.214 
~C3 1106. H41 -0.185 
H4 17C6.C<;9} -0.180 
t:C5 1701. 1 572 0.65 Q 
HI: 17C7.1M4 0.1:>18 
~C7 1707.17CO 0.513 

f ~C e 1107.2Cl4 C.355 
l:CG 17 C 1.2 075 G.3')0 
HC !IQZ.~!~~ ~·~?r ••• 
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Table 4 

Tlate o£ l':rll11ary MiDimWll o£ au Taurl 

HD 1181 Cycle (O-C), (O-C)Z n.:rerelloe. 
--~-~~~---~-~~~~~-~~-~-~~~~-~------~~-~~~---
2400000+ 

2,641.300 -760) +0.0,0 ... 0.\>24 9G StrobID • .I.... aa.d 
2600,.249 -7426 +(l.Ol, +0.008 PO Knis.e (1960) 
26"06.279 -72)1 +0.066 +0.060 .. .. 
267".269 -1071 +0.0,0 +0.042 It .. 
16743.421t -1067 -0.022 -0.029 .. .. 
2703'."92 • 6923 -0.061 -0.068 .. " 21101.297 -6893 +0.0" +0.048 .. .. 
21397.".6 -6149 -0.003 -0.010 .. .. 
281".487 -'392 .0.0"0 +0.0)2 .. .. 
289".,2' -600' -0.02, .0.032 .. It 

2919".488 • ,87' -0.066 -0.073 .. .. 
29196."" .,a74 -0.069 .0.017 .. .. 
"",.60' -3229 +0.080 +0.072 .. .. 
36'91.294 -221, +0.064 +0.0" .. • 
36'99.269 -2214 • 0.011 .'l.026 .. .. 
)689,.449 -21)0 • o.a,' +0.047 .. It 

)6899.483 -2128 -0.02) .0.0)2 .. .. 
3S7".741 -12,6 +0.016 +0.007 Visual ROb1n.oD(196'~ 
39169.664 -loa" +0.004 -0.00, .. .. ~'9'1 
'9194.»)8 -1012 +0.00, .0.007 .. • 19'6> 

39492.,01 - 861 +0.002 -0. ()(')1 • 
.. (1967) 

"0981.261 - 14) +0.002 -0.001 PE Pr •• ent lav •• "-
41012.113 - 128 +0.009 -0.001 Ie •• tioll 
It 121'.:)10 0 0 -0.010 Ie • 
41707.14, .. 210 +0.012 .. 0.002 .. .. 
41984.74, • 3'-' +0.012 +0.002 .. D.,o.Wood "'" 
41986.801 + )46 +0.012 +0.002 Ie Private COIUIa-
41990.914 .. ,ItS +0.012 1'0.002 Ie nicatJ..oa.(1977) 
4';192.970 + )49 +0.012 +0.002 .. It 

~', ~~? ., ,~ , :'." ~, . 

~'~ j' '! I !.J~'" " 
~~) '. ' -- .... _- - ~ -~ -. --~ ~ - ~ -~ ~ - - ~ - -- ~ ~ -

" .~ " ;' I~' .. ".r --: ~ .. ~ 

... y2.:/l? ~. 7 ) tJ 
, C; 
,.:>Q,!c' 1· 
1 



I 
'n \L 

__ "'~_""'_""' ___ """"N"'_""_"""" _____ """ __ """""""_"_"_",~_",,,,,,,,,,,,,~ 
UD H.l Cycle (0..0), (O-C)2 a .... r.nc •• 
-~ .. ~--....................... --........ ---~-------... -.-. ....... -..., ...... --......... -

2441013.1_ - - -0.003 pJi Pre •• Dt Xny •• t1ga-
1706.1) - - • 0.01, • "10ft 
1981.8) - - • 0.002 • D.B. Wood - Privat. 
1989.88 - - 0 •• )0 .. coaauoicatloD 
1991_94 - - 0.00 .. • 
3400.'01 - - 0.00 .. .. ;b .... b.J" .... 

(1978) 
et &1 



,phemeria ot nu Tau. 

Al1 published tl... oC pri.ary .ln1 •• are 11.~.d tD 

Tab186. Dr. D.D. Wood (1977) oommualca'.d £our tt. •• 

of: priaaary elalaa .. and thre. t.lae. o£ •• oondary .1nle • 

• o1ut1oD of all the tl ••• oC priMary aLbi •• 11.'ed ~ 

fa.'ble 6 yield. tb. CollowiDe .ph •• erl •• 

13 

Th. r •• 1duals (O-C)l and (o-e)Z .lis'ed lD Tabl_ , U'4t 

caloulated tro. both tho old and •• v eph ... r1d.. r •• pee-

tLvely. A plot of tbe re.idual of the ob.erved tl ••• oC 

priG8ry .ini •• {Table 4. (0.0)2) 1. SbOWD 1n y~. 8. 

The1:'411 are no ob.erved tim.. of .inl.a durin" 

because of: the low accuracy of photogra.vhie Qnd. 'Visual 

t~mo. of minima. It appear. that there 1. no variation 

.In tbe period of' flU Tau. 

The problem which the ob •• rver of HU 'fau. encounters 

r,\ , J tI'" 



or tb.i. system 1. yery Gearl)" equ.al. to two cia,.. It 

18, therefore, ~o •• lbl. to obiain • Go~pl.t. l1gbt curve 

a •• alng48 8ite only atter 8.v.ra~ •••• on. o~ ob.erying, 

bellocenerio Ju11an day or ob •• rva&loD. are QUAverted 

Tbe blu~ and yellow llcht ourve. are shown iD Figure 9. 

The.. indicat. .aym..try near tbe beclnntac and endine of 

tbe primary l18iniMuu. '.U,e aboQldur or 1;be l.t.cht curve 

tbe tg~th cun~aQt. lhere 1» SD ~Gr .... in brightn ••• 

near the £irat and fourtb contacts vee ~ound in the 11gb' 

ourve o£ U Cep (Hatt.n 1974). Bolkad •• (1956) 8U«C •• t~d 

Tht: attme expl !:1UU t;i.on ODD. be extended to lIV Tau, bAd 

8~ectro"coVlc ObtH,rvatiorla do support tbe exi.tanc. or 

cw've, thu uli:pths of prU\101"Y awd .econdary .. olip.". are 

rOU1~ to bo )~.82j and 0·.06 respectively. fha •• c~nu~, 

aiui!:'Da 1n l.Jlua una fellow a.l:e very anallow. 'l"b. 5()cOndar1 

c. v J... 



o-c 
d 

+0.0 8 

+ 0.06 

+ 0.0 4 

·0. a 2 

• 
0·00 

-0.0 2 

- 0.04 

-0.0 8 

• 
• 

• 
• 

• 

• v 

• 

• 

• • 

• 

• 

• 

• 

• 
I. 

• 

2700D 31000 35000 39000 

J 0 (hel) 

• • 

Fig.8.The plot of the residuals of the observed times 
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ob •• rvational errore. Ob •• r?atlone o~ etendard .tara aad 

the .a~~ltud. dirt.renc •• between comparison .tar and 

cbeck »tara indio ate the errors Lnvolved LD the ob.erva-

tlona are 
1ft .1 0 .O.2!h Such Y&rlabil1ty in the 11aht 

curve. is not uncum.on. U Cep (BatteD 1974) and V 5£8 

C.~ter and Puoillo (1912) and HcNaaara and r.lt. (t916) 

are oleo found to show varil1bil.:1ty :troD oyole to oyela. 

4.4 Rectl£lcatlOD 

aeoordlne to tU4:J ."thot:! QtUJClribed by Ru ••• ll and Morrill 

( 1952). To nornu!llllJ~ the 11g:bt. out.i.de eclip •• to unity. .. . 
a value ot' -() • 20 ~.nd +0 .04 is fJubtr.ooted fro", the blue 

and Ytfllow QLH,,,.rvat1ona rospectiye,ly_ Tbe value of' 

~xternal t~n&~ncT ~ ~ 28° was determined according to .. 
th~ gr8tlhloB,l, m~thod ('htscrib,d by Rus.ell and Herrl.ll 

r:: ,I 
VI .... 

(1952). L.it!'nt voriation. between the .iniAl&' were repr •• ent-

ed by tbe b"ourlttr oxp8.l1.IJlona 

The value. oC thu eoecr~olent8 obtained by a loaat square. 

fit ~e 51v~n in T~ble 6 to~ether with their probabl~ 

errol's. Coet·flci.~nt8 of' the sine t~HI:~,tI. ('fable 1) "ore 

round to be very slnal1. Alii the covera.ge ot' the light 
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rQur~.r Coeffiolent. tor 11cht out.lde .clip... .t HV Tauri 

r-~-~-~~~~~~~~---~~-~-~--~~~~~-----~~--~-~-
r11"or Ao A1 A2 B1 82 

.lue 0.g88" -0.0116 -0.0176 
£ 14 + - ,6 ~ 23 

0.9899 .0.0129 -0.0118 
£ 16 .£ 2.5 .: 2) 

Irellov 0.9811 .0.0'0.5 -0.0112 
+ 13 • ," • 19 - - -
0.9868 -0.012, -0.0173 

..t. 1, • ,6 .£ " -

.Blu. 

Co 

C1 

C2 

-
0.002, 

+ 27 -
-

0.0070 
+ .., -

Yellow 

o.ooa, 

0.010, 

0.0028 

0.0" 

-
-0.0018 
.;t '9 

-
0.0010 

• 38 -

,"" dd 



ourve. outside .clip... 1. frB&mentary and becau.e of the 

ine1gn1£10aot .ine ter.a, a •• cond .olut1oD va. obtained 

lncludina o~7 coaLoa terma and th... are alao 1ieted 10 

Table 1. IIUld are u.ad to .. 80,*11'y tbe licht CarY... J'or 

eacb colour the C co.CClelent. v.re caloulated tro. tb • 

• apr ••• lons (Raa.ell and Merrill .,,2) 

..::)-= --{.\l 

aeot1tication of the licht in eacb oolour in eclip.e va. 

performed with tbe equatioA 

-" , ( (Ar .. ..., ~\ 
f -j (I.:> ._\ c, c.v'S'{) -r- -"2... u ~ ~ ,.) 

vhore 
~) "2._ 

~-. -~, .. -,,~--

./~D _-c l1-



Je .. e 
/' "- "-

:,.1 S -r-)L "\ ( t -t '--J / 1"1 ::::::: ., .- ----.-.- .----_._"_._---
) c:; ~ ?'X.. 

t' J:::.., 2· 'J-, v-.) r!;L 'V' 7.. -:= () . 4 
The 11mb dark.nlns coe£tlcieut •• 0.4 i. a •• d 

which 18 appropriate 1'01" ell. .pect-ral type ot IfU Tau 

and wavelengthe or ob.ervation.. A£ter obtainlnc tha 

preliminary .olutioD tbe 0 GoefficleBt. vere raco_pa.ad 

fro. the ., 000££10180$. and relatlyo lu-inoua .~tl.i.D-

o~ •• Eo and Ell ot tbe 0001 and hot oo_ponent. r •• peo-

~ t~v.l,. To do th18 the luminous .ttlclenoy ratio Bi 

1. obtained by .olvine tbe quadratio equation 

,*, , So\utloo of' She 'Igbl CYD'. 

aetore ~roo •• dlnc with tbe .olutl~ It •• 1t, the· 

the obsorved l1gbt ourve. (Figaro 9) 1t. 1. ol.ar tbat tbe 

eOlip... are partial and the shape of tbe I1ght curve 18 

similar to tbat of Algol's liCht curve. 10 a .aJority 

of the Algol syste.s the pr~ary .1nl.wa 1. an occultatioR 

r,:-- • 
c) ~J 



.clip.e. From the Y tWlo'lona (Merrill 19,0) it vaa 

£roa the rectified data, with the taot that 

/ er"'t. tv " 0.8)~ Y. (n • 0.8) and X (n. 0.2) ;> 
0.2) tbat the pr1mar1 .1ni_ua i. an occ~tatioD 

The de~th and shape relaiiona vere obi_lned 

tor eacb minimua tro. the reottlled yellow and blue 

light OurT... No unique tnter •• otloD of depth relailGft 

oC-

( [1 
!--l () 

..... 

-----_.--

the parwaeter OJ G is alao tuncttooully related to the 

ratio or radii, 1<. • and to the geo.etric depth at mid­

eCl1p •• , po. U.1nC the tabulated values ot k (x, Clo' po) 

(Merrill 1950) values of' k oan b_ e15tiMated. Ualn. tbe 
V<..,. !Y 

k. --;1 and c( round :Crota the del>th relation. a •• d .•• 
t:> 

r:: 
uU 

or th.orGtlca~ light ourV0. in yellov aDd blue vera 

co~puted with k rangin~ from 0.70 to 0.90 witb an 

interval of 0.02,. Aftor obtainln~ a rea.onable ~e.Ment 

betwoen the rectified and computed light curvea the 

rect1.f1$d ecllpate thll>tb. ana tn. valuo oC external 



tOftgency vere sllgb~ly adJusted and tbe above .. eutloaed 

procedure ot' light curve co.putatloD vas repeated. The 

•• condary .lnl111u18 in the blue 11ght ollr"e 1 ..... ry shallow 

and the intrinsio scatter 0'C the ob.ervations 1. 1arC. 

in the blue 11~ht curve in the pb ••• interval 0., - 0.7'. 

D.8. Wood (1977. private co-.unlcatlon) tro. bie 

UDp~bllshed pbotoel.c~r1c ob •• rvatlon. lndlcated tb •• 1D 

the ultraviolet (stro18gren u) the l~ht curve i. quite 

ourve, It 1. hard to e.timate the reotl:fled depth. 

Tberel'ore, u81n8' the "80t,11'184 de,)tb 01' tneprtmary 
c...'>-t.. 

.. inbawa in blue and rj \.) and Cio obtained f'ro. tbe 

.olutloD of the yellow light curve, the reotttied deptb 
~Y 

(1 - 1 0 ) 01' tho .ecundary .1nimu. LD blue 1. e.tl.ated 

aud i •••• d .in tbe 11(lbt curve computat1on. Tbe tiDal 

ceorD.trio and photo •• tric .1 .... nt.. whioh rel,re.e ... t tbe 

reotU'ted li~h.t curves .atl • .tac'torl1y. are slven 1n Table 8. 

The computed yellow and blue ll~h' ourve. with 'be 

elenlent.,. alven 1nl'able 8 tU\d the reotil'led ob.erva'tlolUa 

( tbo d •• cending brancb ob •• rvut1on. are folded on to tbe 

e.candiDg branoh) durlns tho primary .1nimwa are .bOWD 1D 

Figure 10. The £ractional luminosltl •• or the component. 

in yellow and blUe after corr4eting t~or reelection etreot 

are alao 81 van in 'fable 8. Tluu.. have b •• n oosaplltsd ua1nc 

r' 
d I 



[;----

Table i 
:' 

G.ometric¥~ and Photo •• trio el ... nte of HU Taur1 

Period 

Externa1 tana.noy 

iJrblt;a.l ;lnol:1nat;lon 

~rao~:1ona1 rediu. o~ the 

•• allar .t.ar 

Frac~:1Q~ rad1ue 0' tba 

.... 

1arger .tar r. 
Limb darkeo:LDd coett1c1"nt 

(e •• u.ed) & 

Blue 

0.038 

0.109 

0.081 

oc 
<::j 

o 

ad .056299l 

21-

71·.1 

0.221 

0.113 

0.4 

0.,8, 

Yellow 

0.880 

0.120 

0.06) 

~. 
tJ () 



the £ollowins eapr ••• tona 

--

~ E - co~rClcl.nt. are the luminous ~£tlal.nc~e. 

already det'inod above. The t'rao'tlonal. lWld.nosJ.tl •• Cl" •• 

t.n Tabl. 8 are t , ,~ , ~ 'I t( Lq L~+ LJ 
{ / - <; " u , 

/ 

I l ! "" I 
\ It I (,La +- Ls : 

'----J 
-~""~'-" 

L-s .,.. 

i. oomputed using the espr ••• ioD 

The provisional olu.ent. co_unioatod by 0.8. Wood 
c 

(1977. private oommunicatloD) are i • 77.' and tbe 

fractional radii 'rs • 0.206 dud rc;( • (}.261. Til.". 

eleracontlt a«r •• fairly "011 vith t.b.. present eolution. 

dow.ver. U.il. Wood'il prtli.limina.ry .olut,lon 1. baaed Oil SB 



Gomputationa vere al •• _ade a •• uming that tbe prl.ary 

.1nLmua 1. due to a tranel1 eo11p... The G._pl.'. 

In th~ next •• ction aD amalya'. o£ tb~ radial .elocity 

ob •• l"yatiOI18 of au Tau are discu •• od ao.d co.bini.r!&' the 

apectroacopio orbital _lement. wnd photo •• trl0 olement. 

Speotruacopic. o'i;uutrvatlon. of nu Tauri in the blue 

ana in tbe H~ reC'ioD were Mad.. uainc the 1020. Kavalur 

refleotor and c~.e."raln .~Qotrograph duriDc 'he period. 

January 1974 to Uocember 1974. All tlu~ :speotra ..,ere 

..,idened to 400 .1erona and with a proJected alit width 

or 20 micron.. A rew speotra in the H~ reg Lon were 

w1dened to 800 alorona. Theblu~ spectra vera obtainEd 

on Ka.tman Rodak 10)a-v and .t:.~a-O (bakod and unbaked) 

{,1otes. The spectra. ln the "<:iZ recion ll·.re ohtained on 

Eest.an Kodak 098-02. 10'a-~ and 10'a-r pl&toa. Typical 

Fl.fty apeotrogram. in 'tbe blue region (2sx'/m. at EiJ ) 
and twent.y spectro!,.p"ame in the HU,- r.~lon (17R/lWll) or 



iU Tau wer. obtained. So •• of the above apectra vere 

Ixpo.ed ~or radial velocity determination and a rev tor 

Ipectropboto .. et.ry. .Ia all t.blrt.ye18'ht speot.ra vere u •• d 

ror tho atudy of radial .eloc1t1 •• o£ the primary compo-

~.Qt. All spect.ra vere .... ur.d with a 2e1 •• Abbe 

" • .1oo1tT ..... ur.ll*.nt are HO' Ii 6' • H~ and tiS. 'lb. a.I 
(4026.2A) and Sl~1 (4128.0A) linea were to~nd to b. "ery 

.u~eea.iye columna Ln 'fable 9 C1vti the p1nte numb.r, 

eau.la1on, the 11.1100.01:1"10 .]tal-ian daY' 01' ob •• r"at1on at 

,l1Itld.expoau:re, t.he pha.o OOHlputed uoln" the .ph .... ri •• 1" ... 

in Seot10D 4.2. the Geasured rad1al ".loclty r.duc.d t.o 

1n Tabl. 11. 

durinc the ob •• rvationa of au Tau. Neaaur •• ot th ••• 

plate. provided t.he .Y8t.",atl0 correc'&1oll applied OD all 

velocltl~. of HU Taurl. VeloQl~i •• siven in lables 9 and 

10 are on the at~ndard syetem. 

l'he preliminary elomotltlJ ",ere cbti£J,nod by thft L.blnan­

IF'ilhe8 m_ thod are I 



Vo • -16 ll.m/.eo· 

K • 62 kra/~.c 

• • o. Ui 

W • ,250 • .5 

To • .10 24·~"276.800" 

and the atandard deviation co_puted ~ro. the au. or the 

.quare. ot the reeidual. ,. tound to be ~ 12.6 km/ •• o. 

The prellmJ.nary aolution indicate. Ula' tbe orbl' 1 • 

• c~.ntrlc. Mammano.t al. (19'7) deterraLned tbe apeotro­

acopio orb1tal el ••• nt. of flU Tau. Their aolution i. 

hUlled on tlHI v.10(;lt1 •• deterained t"roa " apttotra (421/I'11III 

at 11 ;:)'''). The obllervutlo11S and tho aolution oC M_mano 

et ale (1967) clearly indicate th~t the orbit Is circular. 

SOlutiog 1 

aocau.. o£ the ob.ervational avidence tor the 

and 12) the orbital eccentrioity obtalnGd rro. the preli-

Glinary solution i. conaidered to be spurious. The pre.ant 

radial velocity determinationa •••• to be diatorted by tbe 

ga".oua Ulatter :Ln the .yat... ltecau •• of' o1C1t8.r eVidence 

COX' a circular orb! t f'ro1'8 the 1ovoat1jJutiol1 01' Marnlilano 

et ale (1967) no uttompt 1. _ad. to aolvo £or an 8ce~ntric 

orbit. ThoreCoro, ma1:'.iugtho orbital eccent.ricity e .. .) 

L" 
Gt:..,. 



'. -1- ) Z cgt; ( v -r - l,,·j " i ' , , 
J 

usin~ the value. of Vo and K obtaln6d fro. tho proll.1nar, 

.olutlon the r.,sl<lual. iu the v\IIIIIIloelt1. •• arC') cOMputed aDd 

1:h. di:fl'e,.en't1al oorrectiona 1n b V 0 Gnd.b.!t are 

obtained trom a lftaat square. eolutlon using the equ~~toft 

LV -t 
o 

Solution (IIb't0.int:d in tbt. mamuu' ia given in 'tabl. 11 aDd 

the collltpU.t&d "olooity curve ia .bOWD 1D Fleur. 11.. TbAI 

values of Vo and li obtatncd £1"0. tbt •• ~lutloD .re tound 

to dlfCer from tho •• determined by Mammauo at ale (1967). 

Solution i 

From Flgur$ lla, it 1. clear th_t the observed v.lo­

cities in the phlUU, 1.nterval 1).,6 - 0.68 dtiivlate _Yllte •• -

ticn.lly {"ront th~ CO"i~utad ctlrve. For this raft.on thoa. 

oarried out with !lit • 0 and tho rl!!.ultln~ ol"blttll .l .... nt. 

i'lgur .. 1lb. 

l ·' )d 
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Gu 

-~~~-~~------~~-~--~-----~--~--~~~-~~-~.-~-~-~ 
Plat.. No. I.:.:l'fIUlalon .In(bel) Ph .... Veloclt,. 

(kll/ •• o) 
-~--~~~~~--~-~~---~~~-~--~~-~~~~~~-------~--~~ 

2""2000+ 

3008 098.02 161.!J31 0.1'49 -3113 103-_re ""'.199 .a64a +213 
293' 096-,)2 351.12" .2769 +Z .. , 
2,82 " 0".164 .,0:56 +:119 
2396 .. 0'3.22, .)081 ... 240 

2494 It 086.114, .,,6, +223 
,017 10,-aF ,62.306 .6177 -24,. 09a-;)2 060.272 .7349 -2926 It 3,0.319 .1884 -240) .. O~.268 .81:5) -208 



@Olgtioft J 

The "eloctti •• deter~~.d by Haamaao et al. (1967) 

and the v.locl tie. detenained in the vr •• ent by •• ti" •• 

~~on are co_biDed escept tho.. in tbe pha.. interyal 

0.56 - 0.68 and a leaat square. solution vas made tor 

c1i.trerontial oorrections t:;;.Vo and AK. The £1.n_l 81.­

.ent. are li.ted 1n Table 11 and ttle oo.pu'ted ourve i. 

abown in F1aure 110. Tbe .taDoard deviation 1. £ound 

( . .' ' 

ul 

to be 9.6 ka/ •• o. The re.idual. cOMputed with tbe orbital 

.1 .... nt. obtained tro18 S.lottOD 1. Solution 2. met 

Solution .3 are gl"en in Table' under (O-C)" (O-C)a aDd 

(Q-C), reapeott"el,_ 

Why the .01001t1e. in the pha •• interval 0." - 0.68 

ara .yato.atlcall, ott, i. not olear 1 Standard .tar 

veloc1tlua determined t'ro. tbe ob •• rvatlon8 .ade durl_ 

the .... period do not dLCror e18ni~icantly tro. the 

portod. The blue 8voctrOt(ralD Du.ber 2991 and tbe 87-.. 

r.gion .pGctroeral'lt nUdiber 299' ".r8 obtained on tb ..... 

1.. at 1>.6141 ph ••• and tho later i. at 0.10).5 ph.... The 

'Velooity doterml118d f'rg .. lbz. rec1.on .peotroe:ra. (Ho.299') 

asretelJ r, ... .lr.ly well tbe general. trend or the ..,elooJ.ty 

v"lri .. tion at that. phaae. whero ... the velocity determined 
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fr~ tbe blue apGotrocraa (No.29j1J 1. ott troa lbe 

geDara! trend o£ .elocity .ariation at that pb.... Thaa 

the .yate •• tic deviation of •• 10cii1ea in the ph .. e 

blterYe! 0.,6 - 0.68 i. lntrina10. The plausible 

.xplanation that oan be orreraa in view ot the evideDca 

tor oircuaatellar aattar 1. thai 1t 1. diacQrtlnB the 

llne prot!le 1n tha ph.e. inierval 0.,6 _ 0.68. 

,.. Z Ihe ~I ~., lJ.ne 

The •• 1001tl •• of the pri.ary Oo_pODant deteraiDed 
ct-!r-v_') 

fro. tho 1~ abaorptioll lina are, 81 veA 1D t'abla ut. nae.e 
I 

velocitla. were al.o aeed in the orbit oo~putailOD. 

A apeotrograa (NO.Il82) obta1ned on Jrd January 191' 
Q.~ 

aho __ a violet ablttt broad •• t •• loG Ce.tare. The peak 

veloclty ot the •• tesion tea'Cure ,_ t'owsd to be -600 "'/ •• ,J. 

Thla .p~Qtrogr .. va. obtained on Ea.t.an Kodak 098-0 • 

• aul.1un lik.. the reet 01' th4a it r:/.... platea. At.", _peotra 

in the a~ regi.on ",ere obtained Oil 103a-E and 10, • .,. 

•• ule1ona. The .~.otro~raB of 'rd January 15 well expo.ed 

tor Bvectropilotometry and it 1s widened to 800 .lorona. 

The expo8ure t1me 1. 89 .1nute.. The violet 841fted 

e.1 •• 10n reature extende very _uoh into the v1010t vine 

of tbe H..-I 110.. TbJ.. e .. i".ion feature it; absent 011 a. 

plate taken lus.mediattely atte:r one orbitnl. period. Thia 



indica.te. that tho •• laaion 1. subJeot to tranaieat 

cyc18 to oycle have been goUDd iD RW Tau (Joy 1947) aDd 

o Oep (Satten 191q and Batten et al. 197)). The lare_ 

ayate. at a bigb ~.loolty. ADotber po.albllit, is that 

expanding and £ro. ~hlch .0 ••• attar ha. probably lett 

the .yate.. The sa.. apootrogr .. taken Oft 'rd January 

1974 sho",s a080r..,tton l1ke to.ttlr. towards the red aide 

ot the H~/" abaorption con. Tbla CaD be interpreted in 
v' '. 

two way.. ~ith.r we are •• eiu8 tbe ~ abaorption line 

ot the •• eondary. or the sharp •• 1 •• ion Ceatur. due to 

the ga.eoua atrea. ",hioh ia tatlin. on tbe red e d 6e or lie/, 

lin. 1. oreating an iuapre •• 1on ot an abeor,;ltloll 11ne. Tbe 

magnitude dirt.renee b.tween tbe two cOAl,Vonellt.. frOID the 

solution or yellow l1ght ourve 18 tound to b. 2-.26 and. 

thQr6~or.. it ia unlikely that ve are able to ••• 'he 

•• condary component. Ii t<. abllorptlQu. 'fhi. 1'eature ia 

."8n on several 11.--,( plate. vb!l. QIl 8omo of' t.be epeo tra, 
\1''-. 

1 t i. completely atuuult. The H d". apec t.rwa obtainod on 

29th Dotober 197/, (plato No.2926. Pha •• 1;.1784). baa an 

Qsymnaetric prof'1lo but there 1-. no evidenoll Cor the l)re •• nce 

ot' absorption-llke f'enture OD .1 ther wiugs ot' n I' vberaaa 
e", 



\ta. 8pectrua obtained on 6th January 1914 (Plate No.24oJ, 

p~se 0.81'3) .howe clearly that tbi. absorption 11k. 

teature 1. violet .blr'ed vitD re.pect to the H~ abaorp­

'~on. Fro. the above discu •• 1oD, 1t i. e"ldent that ve 

are DOC ••• ing 'be He!, ab.orptioD line of' tbe .econdar, 

Go_ponen"t. The interpretatlon 1. tbat tbe _i •• tOIl due to 

.he c ••• ou •• tr ••• between the two co_pon.nt. i. 'il1ine 

1n tbe wln •• of liv<, lip •• -t quadrature.. The ... ,.-atr, 

01' tbe a ~ denstty prot'i.1 •• and 'heir yu-J.aU .. on .trOll .,01. 

-.0 cyc18 aod. the ... ;101et sbifted tlare 11k. event noticed 

on tho )rd .Jasula-r;y 1974 (1)1*'e No.2382) .1ve _p18 evldeace 

_i.Dlmua 11e;ht 01' tibe prilliary eolip... rIo .odJ. .. line • 

.,ere ::'ound on tbe IIpeo tra Ca.'l.en 1D tnat .... 10D. "the So( 

~ine ~t pb ••• 0.6177 18 round to bo broad and shallow aDd 

t'1cnlly ocr. 

Struve and Sabade (1957) found •• i •• ion in tbe speoirua 

oE AlGol. 'fhi ••• l.a1.oD va. ob.erved at quadrature. aDd 

~. a taint, bro.d band bord.ring tb. red .dae or H~ and 

Hr. Later struvCit, Sahade and Huan. ('957) reported tbat 

thor. might be .ad .•• ioll bot" •• D the bo cOllponenta ot Bd, Jt", 
5 p.'" I" Iv v,),V" ~ t~-) c. y ~. 

Elli •• ion at quadrature. and apparent line doub.11ua .u 

,-, 
I j 

/1 -
ilV---..Q. 



alao noticed 1ft the .peotru. o£ U Cop (Butten 1974. 

Batten and La.karia.. 1969). The,. bave augge.ted tbat the 

apparent doublinc of bTdrO~eD 11D68 18 due to partial 

tilling ot the ftbaorptloD 11ne by •• i •• loa originating to 

the ga~.OQ •• tr ... that flov. troa the Cooler .tar to the 

hotter etaI'. BatteD. (1914) t'ourlCS the eQuivalent width or 

the hydrogen 11n.. to be le.. "hen the" are .eea .a 

double than at other phase.. S~11ar variation vas found 

photometrically tor the intonaity or H~, Ln the apectrwa 

ot Alsol by Andre.,. ('967) vh~cb he ascribed to ea1s810B 

partly tll1in~ up the line. Battea (1974) round it dl~rl-

cult to lDterpret the doubllna ot hydrogen lines ill U Cepe 

fte had round thnt tbe line dou~linc in U Cep 1. Dot o~y 

notioed tor ~~t but tor 41~ other hydrocen lLn ••• Batten 

found that tbe YQlocltl.s deter-lned fro. the hydrogen 

line co.ponents acr •• with the expected orbital velooity 

ot tbe U Cap .econdary. 

Th. ve.1oci.tlea detend.l1ed Ero. the S'i/\ co.ponent o£ 

au TaQ .~.ctra are listed Ln Table 10 and they .ee. to 

acroe w1th tho expect.ed radial velocity tuftl"litude o£ the 

•• oondary oomponeutl~ 

4.8 AblOl"!' clomen.log! ot' 11U "I'au 

COMblning tho t>hoto ... tric elementa ('fable d) and 

the spectro.copi.e orb! tal elomenta (;:301ut10D ) l'abl~ 11) 



•••••• and dl~.D.ion. of the Co.pon.nt. ot au TaG are 

•• U.o,ull.ted. 

The relation betwe.n Roche lobe radius aDd .... 

ratio 1. 

'"' I 

.I 

where A 1. the •• parntlob between tbe center. ot t~ two 

oOlDponent. witb .. a •••• 8 1 and -a :I' •• p.ot1ve1y. r , t. the 

Rocbe-1ob. radius tor the .tar vtth mas •• 1. A •• amiDe 

tb.. the •• condary COllltPOl'lf)ot baa 1'.11104 the Roc be lobe 

tbe ma •• ao.puted :("ro. tbe above .'lu8t10n 1& tound h be 

ma'., • 0.33. Th. apeotral type of the priaar,y OOMPOOeQt 

or HU Tau. ta B9V. The 8aa" 01 • Jl9' .tar 1& "Me (AJ.leJl 

197). Ua.lng the .a.a ratlo M:a'-, • 0." and. ., • 4He the 

.as. or the •• coad ... , t. round to be 1.2 M$. Th ...... . 

obtained tro. the •••• tunction. acoording to the •• tbod 

01' Kopal (1959) are found to be ., • 4.) "' aDd IIa • 1.2 ~ 

and are also oon.iatent witb tbe above yalue.. It we 

aceev" the "..1001t1e8 determi.ned f'ro. ~e li~ abaorptloD 

cOJlponent to reVr ••• nt the orbital .otJ.OD o~ the •• "GDdar,. 

CO.pODOD't 18 Cound to be 234 ka/.ee, and tbe •••• ratio 

-2'-1 • K,/K2 • 0.27. witb .1 • 4.8 MG aDd -a • 1., M~. 

Surp,rle:l.ngJ.y the.e valuee are cOllai.t with tbe a ... e. 

det.,rm1ned £ro. the above mentioned two •• 'thode. The 
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Fig.10. R e c t if jed prj m Q rye c lip s e 0 f HUT au r i. The sol i d 
curves are based on the photometrtc elements 
listed in Table 7. 
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~lnal ab.olute dimenalona o~ HU Tau are &tV6D 1D Table 13 

'tog_tiler vit" tho au.olut. c11 ... nalona ol" A1eo1 and ~ Lib 

~or comparison. Al~ol and 6 Lib DOV baTe veIl det.rained 

aD.clute d~untilona To_kin 6Dd ~ •• b.rt (197~). ~o~ (1978). 

the Koch. lobe radii slven ~ Tabl. 11 olearlT indicate. 

tbat the .econdary c~pocen. haa tilled 1~. Rocbe lobe. 

Thu. HU -rau 1 •• ~,plc.l Alacl .y.t •• witb c ••• _r.aa 

Clow~C Crom the •• uoadary _0 tbe primary. 



CHAPTER , 

In tbe .arll_r chaptera or tbt. tbe.te we have 

d •• oa.tratod that (1) the em_loal ooapoe.t.loD 01 the 

•• condar.1e. ot ..uaol .,..te.. V C.p aDd US,. 1. Doraa1 

and (2) tbat th ••••• coDdarl •• bave at •• able Ohr~o.pherla 

•• t •• loa •• deteated by tl11tnc tD of the Call tripl.' 

LD tbe near ~rared. Tbl. oODolualoD elimtnat •• ~e 

po •• Lbilit, ot tb. Do~l, ob.erved UV •• 0 ..... da • 

• 0 .etal dellctenc, ot th. .eoondarl .tar In betb .,.t .... 
Other eaplaoat.1ou. tor tb. UV e.c ••• OaD ot ooar •• be 

&ion ot tbe colour. .t the •• ooDdary b, sa •• tend.d 

envolope .urroundine 'be bot priaar, and vh10h 1. ao' 

completely .olip.ed durina tbe totality ph.... The 

ob.orYtitlon •• ade by aatt.n ot an outburet 1n U C.p, 

both in and out or .olip... .e •• to rul. out the pe •• i­

billt, tbat tb. UV •• 0 ••• ob •• rYod in the total liCht 

oC the .Y •••• et ••• troM tb. chro.o.pherio oharao'eri.tlc. 

of the •• condary. 

It do •• not •••• po •• lbl. at tbi •• tage to o .... nt 

conolualvoly on the las' possibility •• ntlonad abo •• and 



and thereby e.plaiD the UV exoe.. Inter~. o~ the •• tended 

envelope around the priaary. Aleo1 aya' •• a have larce 

ecal. interaotion be' •••• the two cOMpoDent. that are 

interpr.ted in '.raa o~ •• a.flow aDd olrau.atellar 

enyelopea. A. n.e" .yat_. added _ • r •• ult o£ tbl» atudy 

to the Algol t .. lly. HU Tau. d •• onatrat •• tb •• e t.aturea. 

Muoh r ••• in.. to be done ~ 'bi. ~.r7 ~t.r •• t1n& 

are. o£ re •• arcb on. clo •• binary ayat.... The aeter.ba­

tion oC .a.... of the •• oondary oo.ponent. in both abort 

p.riod and long periOd Aleol .y.t •••• 1. a D ••••• tty. XD 

properly po •• ible oontributioDa £ro. the ••••• tr.... tbat 

m1ght at'£ect 'the re.u.lt. ot the study or the y.looity 

curv.. Further analy... of auob .y.t... o£ ditteren.t 

p.riods would be eoat u •• CQ1, .~c •• the luaino.itie. 

tor the •• condari •• of .bort period Aleol .y.t.... . .... 
to b. MUoh in .xc.ss. A .tudy .~11ar to tbe one oarried 

out bere, using hl«h r •• oluCloD epectra durinc totality, 

8aveclally atllled at determ1ninc eNO .bund_c •• , i. on. 

ihat Is •• ry i_port.Dc tor the deter.in.Cion .t the 

eince ita £ormatlon. A. technological deyelop •• nt. 

pro~r.ss~Y.ly brLng such atudie. within the real. of 

dietinot ~os8ib111ty, 1t 1a A.e •••• r' that on& take. 

1- .• 

" 1.1 



'~tace o£ the .1~uatloft 1D eYaluatLDc vbethar .tudle. 

~he C)lO content OaJl be u •• d tor deoldlq on the 

aJ..u~looar1 .0Ular!o experienoed by the .,..te •• 

Our re.ult. baYe .bOVD tbe pre.ego • • t oOD.~derabl. 

ro_oapberio .. le.lon ••• oolated vl'b the .eooDdary 

.poDent. 1:t i. unt'OrtUDate that a .1Im1l.taa.eoua 

pr.laal or the lnt.DaUsy o~ tbla _i. •• loll 1n the 

o1et ro,gloD vith tbe ald 01' the B IUld :it Iln •• v •• DOt 

•• .i.ble. A requlr ... nt ~or future .twsy 1. obyJ.otUl1,. 

,e bten.lt,. o£ .uoh _l •• loD vhi.oh can b. ctetlDltQ1J" 

.oelatod vlth an ori.in Iro. the •• condar,. and p.r~ 

'00 •• tud,. o~ t,la. dependeDt chanc •• ot a .hart , .... 

1-, ' 
IJ 

10ftC tor. nat-ure. o~ auob a ohl" ... apberio oharacterf..tl0 • 

..... ll.r approaoh cont'ined t. the .tud.,. .~ tbe LlthlUil 

11. at 6708A-, •• llo01a11T durin" .ota1.1t,. would be .... 

Th •• e are e ••• or the .aJor are.. ~ whioh •• ailability 

j,.ntor ... tloll in. the tont ot r.liable .b.erYationa aDd. 

eound theoretlcal. lnterpretatJ.on "Woul.d aid sre.tly our 

deretandins o£ the .YOlutlon ot the .41£01 .y.t .... 

• .r. l. much t.b.at OaD b. le.rued and whl.c:b 18 vl'hiD 

1a ,.1".1,. ••• ,. .... iIlch o£ pre •• ,Dt-cla,. capabllit,.. 
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