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ABSTRACT

The subject of line blankeiing snd its effect om the continmuous redi-
shion and mossured colors of stars is rveviewed. Ohserved energy distribue
tions shish have beesn corrected for blanketing ars coupared wiith theoretical
flur distributions derived from model atmospheres. Reamsonsble sgrecment is
found and the comperisons serve to establish o st of effective tenperatures
for the sters wder shudy.

The UEY colors of the progron sbars are cauputed from the observed
enevrgy distributions and the vesculls are cowpared with the obmerved colovs.
The theorstical colovs are also oblained. The effects of line blavketing
with and without the hydrogen lines on the
aopessed. 0 three dimensicnal (UeB) e= (BoV) «w affective temperabure vo-
lationship is discussed. The above amalysis leads to line~free UBY and

BY colors are guantitatively

colorensgnitude nain-saquence relationships.
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i. Dizcuseion

In problems cencerning the spectral distribution of the stellar radise
tion, a valuable theoretical spproash 1s the use of a model siellsr atmosphere
constructed with the avalilsble knowledge of the physicsl procssses in siellaw
atmoasrheres, The variable paraseters of ths model are odjusted to egincide
with the sstimeted valuss in the real atuwosphers. To keep the problem tragte
abls, seversl simplifying assumptions of varving degrees of departure fraom
rezlity are introduced into the model structurs. The temperature distribution
through the alwosphers derived from the solution of the grey stmosphers pro-
blem in redlative equilibriusm is commonly used with the hydrostatic sguation
and the gubsidiary lonization and opacity relations %o describe the rum of
the physicel propverties of the gas with depth in the steosphere, With this
inforsation the cbaervable Teatures of the radistion field in the atmosvhers
are comouted and compared with observation. The ability of the model abe
mosphores method %o predict many of ithe speotrel featurss in faly agrecwmend
with obmervation would ssex %o indicate both its uvesfulbsss a3 an analyticsl
tool snd the agcuraty of our knowledge of the basio physical theory of inters
action betweon wabier and vediation in the steller stmospherss. 0On the othew
hand, the disperilty in osriain ingtances between theory snd precise obosre
vation, pardiculerly in some spectral featurss which are sensitive %o the
model structure sharply points up the shortcomings of scme of the approzis
mations employed,

In the construction of such models it is implicitly sssumed that a
separation between the continucus and discrete cpacities may be effected withe
out sericusly distvoriting the wodel. The tenmpersture distribubtion through =n
atmosphere gerevally in rediative scgullibrium is derived by censidering a grey
or mesn opzcity: in more sophisticated treatments this distribution msy be re-
fined by ineclvding the depariure Trom greyness of the conbinuovs opasidy alone
and requiring flux constancy. Fecense of the extreme complexity of the coe=
bined opscities the discrote opacily is neayly slways neglecied ab this phass
of the problem. Horeover, the dissrste cpsoily is again ueglecied in cow
pating the continuovs rediation field in the atmwosphere and it is ealy after
thege festures have been established ithet the diszcrede opscilty is applied
in losalized speetral vegions in order to compude, for example, the pro-
files or sirengths of particuler absorption limes, It is appevent that this



separation givesn wigavtg two Sypes of dlsparity bvebwoen the model and the
real atuwosphere. The presonce of ebsorpbion lines in the resl atmosphers
medifies the btompevature distribution leading to en observable monochro=
matic Flux vhoss eontinmm mey differ from the conbimuvous Tlux of the model
and which possesses the absorsiion lines ueglected in the nodel.

There ezists an anelogous problen in the observational approsch o the
speotral distribution of sdellar rodistlon. If is not feasible both from

the stendpoint of ¥tslescope econunlcs as well ss instrusentation eomplezity

44

$o obtain the distribution of moncchrometie flux from 2 gtar with & aufficient

aurdty to spouretsly meesuve the profiles of absorpition line and at the soms

g

time eover the whole observeble spectral reglon. Consequently, the obsers
vationzl spproach in the extromes ip sither to investigede a limited spectrsl
region with a fine band pess such ss with a speclrograph or $0 use wide bend
passes $0 cover broad avess of the speotysl distribudtion with 1ittle abtemt
o discern the Tine structure within each band. The UBY photometric gysten
may be considered as an axanple of the latier.

To & lovge extent, it is becouse of this analogous feature in 0bseYe
vationel tecinique that we are pardicularly hindeved in eontinucus siellar
radistion msenurevents by the presence of sbsorption lines. 4 more ssriocus
nroblem than thab due %o the limited resolving power of our instrumentadbion
iz the erowding of sheorpbicn lines in the wWlitraviolet regions of late-type
atars ceusing 2 veal suppression of the contimum. Cerdainly in very cool
stars, the overvhelming presence of absorption lines must vitiate this fomssl
separation of continuous snd discrete opacities spd indesd rendsr the coue
copt of a continuous opacity rather weaningless. »But for stars such as the
sun znd earller this separation dosae not soem to have Gaussd ssricus diee
orepencies in rogions relalively free from absorpiion linse nor ia studles of
asbaorpbion line profiless although, 1% mey be avgued that the neglect of the
blenketing offect uwpon the temperature distribution mey crealte problems in
the study of the profiles of lines sincs the change in the temperaturs dise

$g

tribution is grestest at swell opticel deptha.
iie Theoredicel Hlenbeting Studien

Historicaily, the effect of the pressncs of absorpition lines on the

temperature distribution was kaown as the problem of line blankebing,
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Towadays however, this term is often applied categorically to all problems
arising Trom the separation of continuocus and discreie ovacities in model
atmogpheres analysis. The various theoretical studies of the blanketing
effect on the temparature distribution through the atmosphere have used
diffevent approsches which are necessarily idealized. Hilne (1921) cone
sidered the effect of absorption line formation in 2 thin scattering layer
situsted above g grey photosphere in radiative equilibrium which acted as

a blanket to lncrease the temperature in the atmosphere., Chandrasekhay
{1936) assumed = formetion of absorption linss of equal intensity by abe
aorption and scattering processes occcurrirg in constant strength throughout
the stmosphere, The absorption lines were uniformly distribuied across the
spectrum and the Bddington aspproximstion was used to solve the problem.
Hinch (1946) solved the same problem using the refined wethods of Chane
drasekhar for solution of the tranefer eguation. For the formation of lines
by pure absorption he slso considered the case where the frequency distrie
bution of line ccourrvence was arbltrary. In these studles the emphasis has
been on the sun where the theoretical temperatuve distributions may be coms
parad with the resulis cbiained from limb derkening wessures. Hore recently,
others have shudied the problem using a vardety of methodse; but in all these
studies which contain conditiong resembling those in a real aimosphere there
is a consistent eimilarity in the patiern of the blanketing modified tempers
ature distribution curve. If one plote the fourth power of the temperature
against mean opticel depth one obiaing for the grey atmosphere a curve which
rises fron the boundary vwalue, @049 with dinminishing curvature and which
eventunlly approaches a siraight line with a slope of V?Teés For & grey
atmosphere model of the sun the blanketing modified distribution beglns al
the boundary seversl hundred degrees below the standard modely progresses
very steeply upward intersecting the stendard curve arocundl = Q.1, then
furne more or less parallel to the standard curve by ¢ = 0.2 and procesds

in thie mamer for greater opbical depthe at & tempersture higher by 10 -
200°% ko, This observation lesds to an important conclusion which forns a
working hypothesis of this thesis. Although the additional curvature in the
temperature curve may have a considersble effect on the cores of strong
lines and on limb darkening measures the spectral distribution of the cone

¢inuous flux should be relatively insensitive to this depsrture from the



e

shandard atmosvhers curve for siars with moderate blanketing (viz. 1098} ov
less. However, the continuoug monochromatic flux in the real atnosphore
should corvespond to o nodel with s highey effective tenperature than the
true affective tenpeprature of the star becsuge of the fluz reucved by &he
linss, This conclusion follows from the fact that the grest majorilty of the
fiuy oomtributing o the contimnwm at the surface originates frem optical
depthes grester than (0.2

There is the further compliecation that AF, ths smount of fluy removed
by the lines in a yeal atmosphere is surely net independent of optical depth
as eosumed in these theoretical studies. Labs (1951} and Pecker {1950} have
abienpted %o ovalusle AF{ T: however, the problem is very difficult. Decsuse
there is o acoursete knovwledge of the variation of this quantity with optical
depth, in studying solar models the surfece value of this quantity is zenere
ally tolten o hold throughowt. 1% dees mot seem, however, that the gonernl
gonslasions conserning the blanketing perturbed temperature curwe should bs
altered by this effect. In his original blsnketing studly Chendresekher {1936)
alao conpidered the problex of an aimospheye in vhich sbsorption lines
may ocour down %o an opltlesl depth T, . afbter which thers iz only conbtinuous
opacity. The resuliing temperature disiribution of this twoe-layersd abe
mosphere poasesses the ssme characteristics of other blanketing tenmpere
abure ourves.

iii, The Present Siudy

In this study e fomily of monochromatic continucus flux curves has been
somputed from o set of wmodel simospheres., The grey abmosphere temperature
distribution in radiative equilibwiug slong with the availsble knewledge of
the souree of contimuous opacity and the hydrostatic equilibrium eguation
were used o construct these models. The values of the surface gravity used
gorrespond to middle-type naln-sequence siars and the hydrogen to wetals
ratdo 4, wes taken as log A = 3.8, No attempt was made to refine these
models for depariturss from greyness, line blankeding, constancy of fiux, ede.
Conceraing the latter, flux constency holds %o around 5% for these modelss
furthermorse, it is oot clear thet this is a velid requirement since these
models become convecitively unstable at varying depths. However, it is well
known that the fluv distribution is rather inssunsitive to all of these effects
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as well as o moderate variations ia the surface gravity; roresyer, depayrb-
ures of the eonbinmusus opacily Troa greyucss are not large for the later
spectral types. In regerd to flux constency and convection, Swinert (1956ab)
has oonstrucied $uwo wodels corvesponding 0 s solar and an PS5 atnosphere
with the flux constancy condition fulfillsd. He aleo construcited a solay
modal with convective instebility commsncing avound T = 1.0 with 408 of
the energy being transported by coavection st T = JsJs The monothromadic
Tlvzes derived froz these models may be compared with the fluxes obiained
in this study. It can be shown $hat the diffevences belwosn them is leass
then the wmcerteinties in the observations which will be discussed later.
Swihart (1956e) aleo oomstructed a solar snd an F5 atmosphere with log A = 5.0,
4 cumparison bestwesn monochromatic Tluxes of these models and his log & = 3,8
wodels reveals the expedted vesull of simost negligible differences. IS
would follow, then, that the models in this study should also be applicabdls
to Feiype netals-deficiont sub-dwerf stars.

& wvarying sbundence of motals among the stars produces:

1. a differing continucus opacity in the simosphere by a variation

of the electron pressurs,

20 a different =msouwnt of line sbscrpiion in the enitted monochyos

matio flux,

3. puenibly a difference in the radiuve and luminosity and thervefors

the effective temperature dthrough an alterstion of the internsl

giructure.

To the extent of ~ur kaowledge of the opseity and snergy scurces in the
atelliar interiors we may prediet the manner in which the effective tempon-
ature and luminpsity depend on chemical composition. Sehwarzechild (1958)
has discusged the changes in the configuraticns of oool stars with o wetals
deficiency sueh that the interior opacity erises from free-frac hydrogen and
helive abseorption provessss and electron scattering rather than from bounde
free metallic absorpition. The depsriure of the sub-dwarf from the maine
sequence line in the Dertzsprung-fussell plane is in $he right direction but
is shown %o be sensidtive to the helivwm shundance, He also considers in a
general way the dependence of the configuration on the depth of a convection
envelope which strongly affects the redius of o star. EHowever, at the pro-
gent tims it is not ceriain the bouwnd-Tvee provess predominaies in the cores
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adeaces (Four 1954); if the free-free process is

of stars of norasi z ths

rule the effect of a wetels deficiency ca etsllar configurations waybe mifi-

The spectral distribution of the emergent flux is altered through thess
intsrnal structure changes. Besides this, the distribution is =llered beoause
of the atmospheric sffects listed abuove. Zince electron prossurs chonges
arve koows to preduce 1litile effect on the distribution of the emerging flux
(Cf. be Jager and Tewen 1957) it remains to consider the effech of differing
line ebsorpiion.

ﬂ 4 wrimary woblvatien for this shudy is o assess the effsst of line
sbesorption on the measured colors of stavs of different spectral type and
hemical compositicn. The colors of = sber are determined by the speotral

o,

distribution of the continuous fluz end by the awount of line sbeorpition
covurring in the band pesses defining the oolor system. The speotrel dige
tribution of ¥he continueus flux is in tum ﬁffaﬁﬁgé by line sbsorption
through the blankebling effeect and se indicabed aﬁﬁwggeggiae% sclely on the
extent to vhich the Senpersbuve distribution cuwrve is clevated shove ithe
standard curve. Although the flux removed by the lines is werisble with
optical deyth, the amcunt of line abscrption at the swlace of ithe atuosphers
lazpgely dotormines the elevation of the tempersture curve svwer the sbandard
ourve becsuss nesrly all the energy vemoved by the lines is redistribulsd
through the continuous speotrum ond becaunse the flux in the lines emitded
at the surfece originates from atmosvherie layers which comivibube little

tc the contiomoug Tluz. Thevefore, to good approximetion the 4rue «ffeotive
tenpernture of a star Ty, and T, the tempersiure describing the continuous

munochromastie fluy ayve comnected by the relation
% som (,;I | ;$ X
(l} c-%‘@é = c""é?@ég e Af’&@}.
with the proper wodel tenperature selected one mey then compare theory and

cbservation in the blus and ultraviclet reglong where Line abasorpiion besomes

nore proncumced. In these reglone the observed monochromatic flux is de-

g%‘::
@
]

yressed by absorption lines due %o the finite bandewidth of the wveoe

uged in thess moasureuents. 50 conpensads for this one nay use high dispersicn

2 s

arecoire $0 weasure the amount of blepketing within each bend vess of e srechtral
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distrivution covered by the reseiver. IF line absorpiion is not zo ssvers
that 1t suppresses the contlnvunm these messures yvield cquandities with which
the receiver deflections may be correcited to obitain the flux in the sbssice
of absorption lines. The roceiver used in thess flux measuvements is a photo-
clectric scanning spectvograph whose band pess is nominally sbout 154, The
details of this instrument ave given iu the following chepter. The goode
ness of it of the conbtinucus spectral fesbtures in the blue and uwitraviolet
regions betwsen the thecvedical flux and the blenketing compensated obe
served flux is = measure of the uprecision of the observatimns and of the
accuracy of ouy knowledge of the processes giving rise %o the monochromatic
gontinuous flux in thess spectral regions.

£% this poindt une say alse study the effects of blounketing on stellar
colorg. From an observatiocnel standpoint, a reference photometric systen
way be eonsidered e vne which is defined by o list of standerd siors whose

sured in this gystem. Uther photometric systems wmev bs related

af

eolors sre g
o this roference systen by including some of these standards in their obe
BervVing programs. 4An altewnate spproach defines this vhotomeldric systen
physically by specifying the response funciions of the varicus adopted filier

£

5 2% o 5% of LN . o a
wyetens. ne mey wreite the revponse, R4}, of a Filier systen 4, a8

By employing two or more filler systems the color or colors of g sher sve

detornined with respect to the set of filter systems wsed, In this manuer
the published wsluss of the responsge functions of the Johnsorr-iorgan TSV
photometric system {195%) may be used to determine the =B, InV colors of o
star from the observed moncchromatic flux. These computed solors should
agree with the observed colors. At this point, by performing the abowe
integrations using the obesrved and the blauketing compensated munocchromatiec
fiuves one may sigo establish the effect of line blasketing on the obsorved
eslors.

By studying sters of diverse spectral type and chemical composiiion one

&

£

gy vse the sbove methods to aseertain the dependence of the bianketing

color effect on these two fastors thus sffording snother disension o (up
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stellar classification ascheme, In this study the following stars heve bean

used:
Samne ED Type ey {2550}
« Iyr 172167 07 0.14 18=35=15 38 44,2
8 ﬁéri 11636 .,555 g%? 29?2 1“51“52 2@ 3’56§
§ Boo 128167 e 4,48 14=32=30 29 57,7
mord 30652 F6 ¥ 3,31 A=l ulY7 6 52.5
110 Here, 173667 F6 ¥ 4,26 18=4%=31L 20 29.8
8 com. 114710 Go v 4,32 13=00=32 28 7.9
51 Peg. 217014 G4 ¥ 5.59 225500 20 30.0
3140283 { P type 726 154022 =10 46,3
19445 sm%méwarf} 8.0 3=05=20 26 08,1

The star 1519445 probably represents a typical Fetype subedwayf while HD
140287 is more exireme being very deficlent in metals shundsnce,

in the following chapters the detsils of the cbservational techniques
and mordel atmosphere constructions are discussed. A comrarison of theory

and obeervation and the blanketing affect on the colors follows,



The obmervations in this study nmgy be cztegorized into twoe kinds:
tne gpaghbrel distributicn ond the liue sbasoyrpiticn nezsuremenits. Sines
there is little information published wn the perdisular instruwmentation and

we used to obisinmmothrosatie fluzes these tovics nre discusesd

below in some detsil,
I, Spectral Distribution of “ieller Fluxes,

4

irmend

o
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The instrument used in this study i kmown as & photosleciric scenning

This particular receiver designed by Code nessures the aspecs

tral distribution of stellar energy with an optimum purity of about 1%, 1%

agcepts an £/16 1ight bundle which weans 1% is adapted to overate abl the
Cogsegrainian focus of the 60=inch, 100=inch and 200-inch telessopes.

Since this instrumesnt records the incident flux at varving wavelengths
es & function of time 1t g mendetory thet the dime series fluctustions in

the recorded fiux be mindmized. Conseguently, the total 1ight pencil forwe
ing the imsge euters ithe entysnce siit or disphrssy for, I =any part of the
pencil is obsoured the fluctuations due to seeing csuse the amount of obe
seuration to vary. Iven under excsllent seeing conditiong the slight obe
goeurstions couse vecorded fluctuetions well beyond the tolerable 1imit,.

The sntrance aperture therefore serves only to reduce the effect of backe
round 1lght snd to define the area over which & 1ight bean will Dully strike
the Febry lens iu the ph@%@ﬁuitiplier agsenbly.

The £/16 light bundle procseds throush the entrance speriure bo the
upper part of a EQwin@h fooal length, S=inch gphevical mirror wherve it is
gollimated and yeburved %o the grating. ¥From the gra%iag the parallsl vundle
of the proper wevelength interval returns to the lower nalf of the Geinch
airror whers i%?f@@ms@ﬁ via o prism at the exit slit, After pasging through

the exit 8lit the bundle p?@@@@ds through sny necessary filters snd is

sustonarily brought to & photomultiplier assembly. The sigﬁaz from the
vhotomultiplier is zmplified and generally recorded bran
yavelength acale on the {trscing papey may be calibrated by a

on the scaaner or by obvioug specbral feabuves in the traci
of the rphotoslectric suuipment are widely knowng therefore 1ittle discussion

»ill Tollow sbout this phase of the observations.
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Although a parsboloidal mirrer is required %o sivictly collimate the
light bundle, s% this foeal vetio of /16 the depertures of the sallimated
beam from parsllsliem using a sphericel mirror ave insignificant. Using
one spherical mirror avolds the requirenent of two mizvors for collimstion
ond focusing. The incoming bundle, although off-axis, ubilizes oaly &
2-inch portion of the 6-inch mirror; it msy be shown for these circumstsnces
that a parallel beam produces a spuriocus image whose dismeter is a fow per-
ceat of the exit slit widith thus negligibly affecting ithe band width.

For stars, the band pass of the scanner is regulated by the exit slit
and the size of the stellar image at the entrance slit. Thewefors, for a
given focal ratio the seeing and the telescope aperture determine to sone
exteat the purily of the messured specirsl distribulion. 4% the 100-inmch
telescope with aversge seeing the minimam bend widih which occure with an
infinitesinal exit slit width is about Si. The speotral distribution of
the energy within this band width possesses sbout the same shepe as the
distribution of starligh® in the imsge plene of the feleseope: as the exit
8lit is widensd the spectral distribution, of course, becomes brosdenad.
There is a minimun width of the sxit siit while scamning in order %o avoid
digbortions in the tracings. This width is determined by the wrate of scane
ning end the time constant of the emplifier, The time regquived for & veve-
iength mark to oross the hend pass should be sround five tinmes the time ocofe
stant of the anplifier. A convendent scatwiing vate often used is Eﬁﬁéfmiﬁg
this sllows five seconds for o wavelsngth maxk o cross a 154 band pass whiech
implies a time constant of about one second = g typical valuve for the Dl
amplifiore used in pholometry. The scanndng is eccomplished by rotating
the grating with a synchronous wotor through a set of gears some of which
wzy e exzchanged to chongs the scanning rete. The grating has 15,000
lines/ineh end is blazed at 40002 in the second srder, This glves o digpersion
ot the ezit alit of 104/ mo which with an exit slit widih of Jum gives a
band width of about 1%5i. In werking in the red and infraved regions it is
batter to use the firsit order spectrum of the grating in ovrder to receive
the benefit of the 80004 blaze. In thic cage the minimum bend widdh incresses
ascerdinglys hovever, in thess regione o band width of 3032 is quite tolors
sble since the guantity A X /A is held %o the game order of megnitude.

The spectral distribution from 30004 %o 10,0004 may be oblsined using
a photomultiplier with an sntimonyecesium surface (54) such as a 1P2L tube
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in the 30004 to 6000 range and a cesium oxide on silver surface (S1) which
iz sensitive to 10,0004, The new multialksli surfsces have a range frm
30004 to 80002 snd have the advantoge of being more sensitive than the 31
serfaces.

In most of the spectral regicns covered 2 filter sust bs euploved o
cut sut the overlapping orders of the greting. In the second order a yellow
filter such es a G665 is used from 4600% o to cut out the third ordey
rediation. Similazrly, in the red regions sn amber Filter such as a Schobd
061 iz used %o out out the second order vadiation., Since in genersl two
different photomuléipliers sensitive %o different specirzl regions are
employed it is necessary that a proper selection of the filters ha‘m&d@ in
order to have overlapplng spectrzl regions covered by both tubss. The aumber
filter used in the red regions has a oubt-off a% 54004 thus allowing the
vegion between 55004 and GO00A to be coversd by beth the 34 and the S1
surfzees, The overlap is necessary because the ensrgy messurcmenits saross
the whols speciral renge are made relative to the energy at e wavelsn oo
generally 5%560i. 7The yellow Tilter cutting off st  4600A suffices vhen
ong is using the multislkall surface in conjunction with a 1P21 to cover the
30000 = 80004 range.

ii. Ubgorvaticnal Hethods

The observational technlques used with the scanner sre similser to wide
band photoslectric photometry techuiyuwes. In both approsches one messures
in 2 particular bond nass the response of the system to the incident redie
ationg the aim being to obtain this reopinse corrected to cutside the terro-
gtrial atnospheys relative 4o the response from 2 stendard star. Yith the
sganrer one is primarily interessted in the spoctrsl distribution; consequently,
it is only neceszary to cbiain the distribuiion of ensrgy rvelative to the
energy within a particular band pess. The band pass customarily chosen is
centeved at 55504 for the reason indiceted sbove, The fact that =n sbsolute
dotermination of the siellar snergy curve is unnegessery in delexmining the
shege of the energy distribution relawes some of the cbessrvational problems.

The nuantities irwvolved in the scarwming observetions are now considersd
in o somevhat guentitetive mawer. The integrsl effective intensity I, is

definsd by

P
h=
Mnre?
sl
S

/\@:? = jfé")\“ g%{)\@%?%(z}i)\ 3 9
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where F) Ils the nmonoshromatic flux at the top of the terrvestrial atomosphars;
sxikaé ig fhe nowsslized zensitivity Dunctlon of the band pogs centered 2%\ o

e

& 2w s 5 B » B a2 o 2
and ?AQQE iz the stmospheric axfinction and is & Dunstion of the senlth Jdigs

"
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tange 2, The integysd sffective intensibty is, then, the response of ¥
ingtrument end is propoviional %o the deflection of the recorder. The i

togral effective intensity reduced %o outside the atmospheve is

N - 7 e 5 s
{(4) ToiNo) = Jﬁ;g;{k@)d}\ .
Since the sizospherio exdtinction is egsentislly constant within the bund

pase ad & poriiculay wavelength scuation 3 may be writien as
{5) o) = ?,\g@:zﬁﬁfi?,aﬁ}@}ﬁ)\ .

Horeover, excent for wavelsngths lying in an absorption line Fa is also

vory constant within o band pessi in any cese eguation 5 may be written =9

(6) 1(k0) = Prala) Trg | exliolal
e Proln) Frg slde) .

1f in the siandard stayr the moncchromatic flux relative to & reference
wavelength T)o/Ty, 5 i known, the relation

{7 1000)/1{ \) = Fis maolaisllel/my p, (2ds(N)

affords a way of obteining the relative fluz of the sitar by measuremenis

of the relative integral effective intensity veduced %o oulside the atuosphere
of bolh the siar under study and the standard star. Unless the measurements
of the two sters sve zadse with the same zenith distances, & knowledge of the
extinction coefficient is required, ¥With this correction applied to both
sets of messurenents, the relation betwesn the two sets of relative {luxzes

may we writien as

() I -

E) v taxr
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The stmospheric extinction varying with wavelength in the same nanvery

e Reyleigh sestiering hes the form
{9} ;nxig:)ﬁexg{m [u%?:f)\@:{ se@%g

where 4 is a grey term dus to nom-selective scabtering of light by dust
particles snd therefore depsnds on the haziness of the atmosphere: B is
the Eayleigh scatiering coefficient and depends slightly on the atmospheric
prossure. The actual extincticn expression sxcept for the grey term differs
negligibly from the above law from night to night for A > 40004; noreover,
as was indicated above the deduced relative fluxes with respsct to the
standard relative fluxes depend in a second orvder mammer on the values used
for the extinction., Since it is the relative exbinotion with which ome is
soncerned, which Tor the Rayleigh expression is
(10) 2afon, =om (B[ VA8 - 1/34] o]
it iz only in the wiitraviolet regiona where the deviations from the above
expression dus o ozpone sbsorpiion mey be apprecisble. It is the error in
the mdopted relative exbtincetion value multiplied by the difference in secant
z valuss between the two atars that affscis the value of the deduced relative
fluxes. Accordingly, a standard velative extinction curve has been compilsd
by Code {unpublished) from many nights of extinction measures over s long
period of time, This curve follows the Rayleligh expression very clossly
for A 4000 and with the exception of spectrsl regioms where atmospheric
abzorption bands ecocur, should be ot worst within a few percent of the acfusl
surve on any given alght. Table I lists points on this curve for seg z = 1
in maguitede wnits defined by ¥ § = =2.5 log {FA‘/9556®39

The rolative oxtinction coefficient may be determined oo a nighd=to-
night basis by the usual photometric procedurs of meaguving the wespounse from
a s%ay at Ltwo or more zenlith @iatansegal This procedure is somewvhat Simes
consuming because of the mumber of wavelsngths at which this quantity is
measured at one time. Iy restricting obsorvations so that the differences
in secant % bedtwesn the two stare is smell la few tenths, aayE one should

)

ba sble %0 use the standord curve aad expsct ervors in the flux of wo wore
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then a percent or so in the eutreme cases. Poth procedursg were employed in
thie atudys it was found, however, that unlese one was Observing a sber of
large zenith distances the differences between the measured and the standard
sxtinction curves and the uncertainty in the smeasurements indicated dthet it

was unecononicel to make exitensive messurensntis.

.
Table I
VERIHOTION COEFPICINEDS

Mad 2380 G365 .388 404 419 453 L506 556
k A 9?7@ em a'ﬂl‘i} 523@ al?@ s@g‘g s@32 e@{}éz}

Am) W88l W605 L8677 JTAE B0 L8T5 L9090 1.0
k} ”'QE-G w.@m “’og% wa@ﬁ% “-%5 "0%5 “‘c}a{}ﬁ w.l};{}

Up to this point the discussion has been concermed with what is called
relative spectrophotometry, that is, the meesuvement of the monochromsiic
fluz distribution of ons ster relative 0 asnother. In order to obtsin the
shape of the spectrzl energy distribubtlon, or in other words, to do absolute
spectrophotometry one must kaoow the energy distribution of the stendard star.
fn absolute deterninetion of the shape of the spectrsl distribvution of s
standard star to within 1% accurscy, for exzample, is on exscting snd difficuld
problem which wp to the present tiwe hes yielded resulis leaving in cepitaln
regions something to be desived. In this calibration of the gtandard star
{or stare) one compares the stellar monochromatic Tlux with that from o
laboratory source which ls gensrally brought through the sawe optics as the
star, The laboratory source must in tuwrn be calibrated. 4 moderate smound
of effort has gone into these two paris of the problem; yet, there remsins
g third pert which contributes as great an obsitacle == the sbucspheric gge
tinotion. It iz mandatory that we know the flux outside the stwosphere in
order 40 velate 1% $o the physicel theory of stellar atmospheres. In the
ultweviolet, tise=varying values of the e@i@f term as well ag the grey torm
due %o varving stmosvheric conditions present considerszble challenge o the
goal of 17 accuracy. 4 rather comprehensive survey of the problem of abe
selute celibration and of the efforts which have been made is given by
Code (195G), Yost of the work has been on ~iyree although 10 Lecevtss

and £ Orionis because of thelir Wluveness and amooth Aistributions hove alse
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been studied in the uldravioletd,
The quaetity S(Aa)e 48 = Tusction of tiue while scanding and though the

34
the integrsl effective intensity moy be evaluated at any wavelength, in order

®

to satisfactorily define the gpectral distribution of a star it iz sufficient
to reduce the observeticug at o number of wavelengihs spaced mors or lesas
avenly =oross the spectral range. Figures 1 through 9 are reproductions of
seauney tragings of the stars in this study. The wavelengths chosen are thoze
listed in Tables I or II snd ere murked on these trasings; they were melected
30 they lie in spectrsl regions contsining ebsorption lines with equivalent

widths no greater than J.14 for most spectral types. The first sntxy in

Table II iz the absclute calibration of o lyras as given by Code {1956),
Teble II slso lists the wonochromatic magnitudes AN{ X ), of the stars
uged in this study. The definition of OH{x) is

g

(22) AR ) = w205 1og | oy (AT wm‘] .
where Ty { A) 8 the moncchwomstic flux per unit frequency inderval averaged
over a woughly 15) band width centered at )\ .

Thesze resulis hove been compliled in the nanney indicated s=bove from $he
cbeervations mede primerily at the 60=inch and 100=-inch belescopes by Cods
and by the author. IV is somewhat difflocult %o asmeribe a messurs of pre-
cision to these obaservatlons sinee this depends on the speootral reglon, the
spectral type and megnituds of the star, declination, afc. Successive ob-
seryrtions yisld a typlcal probable error in monochromstic magnitudes ad
B4C0A due to random errors only of 0.04. This, of course, diminishes fopr
inereaging eveleﬂgéhs gince the physicsl complicatiocns become less and ths
sensitivity of 4l A } diminishes as 55602 is approached. 1 the othsy
hand, Xigras, belng very bright and possessing o meooth energy distribution
outuide the Baluer vegion, yielde scenner deflsctions vhose probeble errors
sre less then 1% of the deflections in the blue and visusl regions and sround
6 in the 34004 - 36504 vegion. Being a small quantity, a 1% error in de=
fiac%iﬁm'prsﬁucﬁé nearly a C.01 error in momochromatic megnitude. The obe
garvatione giving the most difficulty are the lale~type stars vwhoge sbundance

of absorption lines gives rise 0 extremely Jageged scanner tracings. This
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Table II

ALHT  0.340 365 W336 L4046 L4109 JA5C L5058
1/ A 294 2.7 2,59 2.48 2,39 2,18 1,975

o LyT $leld  +1.04 20,07  =0,10 ={,18 «0.l4 0,07
8 Ari 1.3 122 035 0,02 =002 <006 <0,01
T Boo 1.3 1,20 057 0.43 0.35 .10 0,10
moed 1.46 La22  0JT9 G50 082 0.22 0,10
110 Here, 1.40 1,24 0,77 056 0.47  0.25 0,11
B Come 1,58 1,34 1,23 0.74 0.6%5 Q.32 0,18
51 Peg. 174 150 1el3 Gu91 0,80 0.9T 0,18
RD140283 1.6 1,09 0,76 e85 0.56 0. .16
HD19445 1,30 1,08 0.7 0,55 049 G265 0,13
AlpM) JGBL LB0% G667 L746 L8000 W87 909

(/A 172 385 1,50 1,34 1.25 1old 1,55
o Lyr #0.06 Q.10 0622 0,35 Cu86  0.48 0.5
PAwi 008 009 0,19 030 037 0.4 .78
G'E@@ m@q@% ‘“’{}.S@ "@a% “’06@? “’Qnm
nowd «0e0% =004 =008 =0,11 =006 «0.01 «0,03
11{} H&ma “”{:3004 ‘”’Qo@ﬁ ”'{:}alﬁé “@olég’
b Come w00 =0.00  «0old  =0.15 =021  wel2  =0,15

51 P‘%@'e @‘Se{:ﬁ Mﬁol@ ‘ﬂ@olg ‘mgcgl ‘“{}019 @:ﬂ,@@ “"3.?)@
Hp1a028% =305 0,10 0,23 0,54
EL19445 =3 (6



may be veadily seen by comparing Figures 1 and 7 which are sconner tracings
of <iyrap apnd 51 Peg, respsotively.

1% shiould be poinded ovt thet the numbers in the sbove fable or the solld
curves draoun From them in Figures 11 through 19 tell only helf the story for
late-type stars. Ono munt know to what point along the deflection axis of $he
soanner tracing the listed monochromatic magnitude corresponds. 1t is obe
vious in a late=type star thers is considersble swbigulty concerning this
point as will be ssen by again inspecting Flgure 7 in the blue and nlivre-
viclet rogions. The equipmwent and mseing nolse somevhad complicate thie
problen further, (ne should pyesent o scanner tracing %o sccompany esch 28%
of monochromatic megnitudes indicating at eash wavelengih where there is
doubt ef the point at which the roduction is made, In this sitndy there is a
gquite definidte wov in whigh the poliants ware reduced, Since thess wonochro-
nadic pagnitudes are eventually to bs compensated for any line sbaorption
sxisting in the corvesponding band pass in order to obitain the continuum, am
aversge of the defiection in a roughly 154 inderval wes tsken. In most cases
this would peom $pivisl, but some of the wavelength points in labe=type stors
are situnted where the deflection is quite sengitive to wavelengih changes
vocanss of the axireme wnevenness of the tragings. The results in Teble 1T as
well as the figzuvres will be discussed furiber in chapler 4 and 5.

11, Nemsurement of Ly

High disversion spectra wers obtained with the 100=inch coude spestvrogragh
in opder %o measure the line blanketing cdefficient In the 154 bLend pass
centersd zhout the wevelengthe indicated in the previous section. These

pegtra wers generally obiained with the 32-inch camers giving s dispersion

sbaorvtion

of 104/mn and 155 ma in the blue and visnal regions, respeotively.
inoh and lldeinch comevas were cogeslonally ueed in the blue reglons partice
uisrly for the loter types of stars where absorption line erowding becomes

5 problem. To oblain the ulirsviclet cn the same vlate as the blue reglong
a mask was placed over the blue after the proper exposure time allowlng only
e uvlireviclet region to receive an extended exposure., /‘n additional iron
arc spectrm slightly wider than the obher comparison epectra wes pisced on
the plate after the totel stelliasr expomure to delineate the two reglons, The
emulsions veed wers the ITe=0 in the biue regions and the 103z-0 op L03e=F In
tne visusl regions. Fop exposures reguiving move then on hour the Ile=U

plages were haked for 24 hours ot 65 C.  In order to convert exulsion density
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or blackening 0 intensity the vedge spectrograph was used to obtain a
“wedge” for oveyy sitellar spsctra. This wedge was, of course, exposed and
dovelopsd under the same gonditions as the stellor plalte in order Yo insure
that the cheracieristic curve be the same for both plates. TPrimarily for
the ultraviolet regions whovrs the wedge does not extend and for baclkeup the
gbtep aalibration strips weve alzo used on nosd of the stollar plates. Table

1T gives the pertinent information about the plates oblaived in this ebudy.
The photomedric reductions of these spesolra were muds wlih the Jinelalr
Spith wmicrophotometer st the California Institute of Techmology. The lnstru-
mentation has recently been sguipped with a cuvrve follower so that s sigeal
from the photometer proporilional to the {rensmission of a poini on the photo-
graphic plate may be convertsd directly into intensity. 4 curve is dyawm
from the density dsflections of the wedge plate or calibration sirips in which,
sy, the = and ¥ axes ave proportional ¢o the transmission and the intensity,
respectively. This curvs is drawn with conducting ink and plased in the
curve fallover whers & high froguency current is passed through 1t generating
e mognetic fisld. The curve follower possosses a aseking hesd which travels
along the y axis centering itwelf over the curve. The input is the signsl
from the migrophotomeler which gives a propovtionel deflectlion aloug the
2 sxize. A signzl frop the curve follower proporitionazl to the vy axis end
therefore the intensity is amplified and recorded on tracing papsr. An sdde
itional plece of equipment vhich mey be usad a% $hds point is a current
integrator for obtaining the aves wnder the intensity deflectlon as a function
of wavelengthe The particular instrument used is still in the development
gtege and is not yet known for its reliability; however, vhen working pro-
perly it yields avess good 0 ons percent as was verifisd by measuring the
sane sreas monually with & plonimeder. The value of such a device sheuld be

obvious both in the vanid sosourements of the blankeiing coefficientSas well
g

4

L3

ae the eguivalent widths of wiblendsd lines,

Bocguse of the wide speotral rangs covered in these msasuroments ons
should draw s calibration curye for cech band pass snd for each plate used,
By munning a vedge at n particular wavelength on the microphotometer against
a calibration curve drawn from the same wedge at the same wavelength one
should obtain s straisht line on the vecorded $racing. The wavelength at

wnich the wedge is pholometered way be varied and the resulting ldepartures
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ef the tracing give o measure of the change of the characteriatis curve of
the emulelion with wevslength end %o intenslity of the light prolucing this
part of the gpevtrm. In this monner, 1% was found cuite uwnesessary to
drevw a calibrstion cuyve for sach band pass. Unless one was dsaling with
over o wunder-9xposed arsas of the wedge the differsnces on the same plate
across the sensitividy range used were no moprs than one op %wo pergent of
the local deflection. Hoveover, similar vesulis followed for the differencs
botwesn two different plabes provided they weres the sawe emulsion with the
sape shirment mumber and were of comparable exposusy times. {411 the plates
were developed in the rather ptondard way using =13 developer for 4 minutes
at 68, ede.) Similerly, in the ultravinles the differeaces betwsen strip
ecalibrations wder the above qualificetions vere negligible. Thess resulis
silowed for s considersble veduotion of the calibredtion curwes raguired from
perhaps & bundred o arouwnd %en. it hes beon suggesied in the futurs g fanily
or catalos of eeliveation curves be constructed covering the range of shapes
generally oscuring in practices. Ume oould gulckly seleol thet curve beat
watching any particular wedge.

T4 should be poinded out thet the photometric evrors involved in placing
the continusn or the olesr rogion st thely correct deflections do not offect
the blanketing coefficient measures neerly es eseveraly as the equlwalent

widthe of lines. The blankebing coefficient Y , defined by

, + TeS4 "9" ?a)*‘
{(12) X = 'f?i A 9
}\@ ‘? gm io)i

is clesrly = msasure of the percentege of the continmen flux which s emifted
in this 154 band pass. broept for later-type abars in the ulirsvicled Y is
gonerally ercater than 80% On the other hand, the equivalent width ¥, of the

iines in this 154 band pass is velated %o Y by

indicating thalt ¥ vorcentage-wise s penerally smach wmore sengitive to these
errors than f . Table I gives the values of Y as defined above for the

L ARC 713

stars in this shudy obltelnmed fros the plates listed in Table Eﬁ,
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Table IV
BLARKITING CURFPICIENT

\& 2400 3650 B8O 4040 4180 4590 506 5560 5810 6050
5%

B ari 0,92  $.95 G091  Go37 0,96 096 20,99 0,99

S Bes _0.81 0.88 0,90 093  0.94
73 521(l) o0.75° 0.76° 0,83 0.85 0,82 0.0 0,95 0,98  0.99 56,99
3 ori(2) 0.76" 0.83 087 020 095 0,98 0,99 »0a99
110 Herc, 0.7¢° @.j 0.8 {‘385 0.86,  0.92

g Q&@Eg Ue?é:“ Ooi?fv}ﬂ 6053 977 69?50 608? %@9% Qog? {}G“}?
51 Pog, 0,567 0,60 0.5¢% 0.757 0.95° 0.85 0.92 0.95 .98
TED1G445  0.89 0.2 Co94 0.9 0.8 >0.99 ,0.99 0,99 ) W%
Tfml@@g%g ug%@ Gg%y Qu%ﬁ )09% 20»9‘}3 789%‘3 ”3.9‘9 70.99 7@@‘“{;} 7630“1%
S&l Qe?ﬂ- 9065“" {.}053"\ 60?6 Qe?‘g Qt% 00@5 @Og? {:}Q% 7wrsc<3

The eniry

7B ori{l) i the result of messures of the plates Usll6Z] and

3

Cell768., These nessuvements were complstely independent of those wmeds with
the plates Cell820 and CellB8%0 and therefore give an estimete of the preeisiom

of the resulits. The probable error duve to random ervors of mwasurement

appegrs to be less than 0.01. The stsrred entries are upper values since it
is susgpected that overlapping absorption linze have suppressed the continuum
in these regions. The values for © Com at 13400, A3650 and /\386@ have been

Zsken from the Merecht Atlas (1940) since nons of the aveilable pletes extends
4o this region., In the blue and visual regions the blanketing ceefficients
of § Com are nearly identical with those for the cenier of the sclar disk
taken from the stlas: the velues in the wltraviclet should thevelfors be ro-
iisble %o a few percent. The atlas wes also uwaﬂ £o obtain the bleniksting

coefficients for the Sum, the vesulis of which will be used iu Chapter 5.

The blanketing velues for EN19445 and the blue snd visual regioms of HII40283
wers teken from tracings of C2l0784, CelU783 and (el(B49,

Ph. 228 kindly supplied to the writer by 2. R
In Cheslter 4 these blanketbing measures are

and Aybe DJ..K?G futs;
Sandage and Jo L. Greenstein,
reapetively. sppiisd b0 the

ohasrved nonochronatic fluxes,
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IIZ, 1ODEL aTHOCVHSRD CONPUTATIONS

The primary purpose for constructing the following models is o obiain
the continuous monochvomatic flux emerging from the surface of the siellar
atmospheres in order %o compare them with the observations. The gqualifie
cations under which these models were cousirucied sve siated in the ilntro-
duction. These atwespheres are coupletely specified by the eoffective temper—
ature since the other parsmelers — the surfece gravily g, and the relative
abhundance of the elements, are adjusited to coincide with mainessquence sters.
In particular, the hydregen to melals ratic 4; is taken as log 4 = 3.8 and
log g, which is essentislly coustant, ranges from 4.44 %o 4.39 corvesponding
to s distribution of effective temperstures from 5500° ts TODOPK. These
atwospheves wore taken to be in hydrositstic ecquilibriwm. The tempsralurs
distribution for o grey atmosphere in rediative squilibrius wes used,

namely
(10) #o3% |

whers qf { } comes from the exaet sclution to the grey atmosphere problem
by Ferk {(1047) and is conveniently tebulated by Woolley and Stibbs {1953).
The relation for an sbnosphere in hydrvostatic eguilibrium is

;. dp = ﬁ
{15 ¥ ’

whers b, T and k srve the pressure, optlceal depth ond mean opacily, respective-
ly. In this eas&eigﬁﬁ the Hosseland mean opacity and depends on the beuper-
ature and electron prossure pg. Since the chemical compozition is specified
the slectron pressure mey be febulated as e function of tewperature and
pressure, snd in this way x may be fouwd as a funetion of terpersture and
pressure. 4 tzbulation of log pe against log p and @ {8 = E@@G%/’T‘) was
given by Stromgren (1944) for log A = 3.8 using a velative abundance of b
metals found by Goldeschmidl {1?3?). Since the icnization potentlials among
the varicus meials signiflicantly contributing to the electron pressure differ
1i¢tle, the electron pressure is not sensitive o chenges in the relative
sbundances of the metsls omong themselves. Stvomgren {unpublished) has also
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corpiled a table of ¥ due 4o neuwiral hydrogen and the negstive lon ws a
fungtion of © mmd log Pg. These tables were used to mumericslly intesrato
equation 15,

In order $o begln the integrations the followlng starting procedurs
was useds L apall valus of py is adopied. Yith this velue end the boundary
teaperature the corrvesponding values of p and % ere found fron the tables
wnleh yield s ¢ volue for & through equation 15, If Ty is still
g0 anell that the tempsrature hiss not significantly changed, the choice of

o

Pe was appropriste and one now has a suibtable 88t of starting veluss. I3
should be noted that the error introduced in this procedure will bs o neg-
ligible perceatage of the values in the principle part of the atmosphers where

re » and pg axe seversl ordsrs of megnitude grester. Celechting sa inter

. . . o2 — ol 5
ins the fivst estimate of the pressure, 1 , at

gration indervalalr o obia
the new opticsl depth (= U, +42 by the relation

{16) B =y + 42| a7 s
atli

€

Hp +py) is caleuloted and s
e{?,) is picked. With these values

Bt

vhere dp/d¥|is evaluated at I,. Uext,
temparatare half way between 8 ?@, and &

5

ane oblains a new estimate of the pressure gradient dp and computes
az|2

{1?> é’g) %;% Az- °
¢

Thin is continwed to the nth stage vhere PP becomes stationary. With this
pg and 8 {7,), pe {T.) and k (T,) are obleined whichlecoue the final values,
In this manner the iterstive process is extended to successive indervals of
ondical depth, By astubely ploking the 4rial pressure gradient one may
reach a gtabiounery value of p on the first or seemmd iteradion. The mun
of the variables o, Dey g&. & zand Tihrough the stellar atmosphere was obe
tained and the results ave shown in Table ¥,

slthough U s the rumning parameter in these celcoulations, the lmnorband
relationship for flur computations is that beiween the tenpersture snd the
pressure (or electron pressure). Stromgren {wapublished) has also compilad

tables of k)\fg as s function of 8 and log pp for variouz wevelengths
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2, = 5500%:; log g = 4.44 To = 5800%; log g = 4.44
r © logp logpe logk €© logp logpe logk
0.00 1.131 1.072

Qeﬁg Wlals 13{}68 3089 Qagl ”’1922
Galg @‘le‘:}ésﬁ 19055 QOG’; Qol@ ”an
G‘ol? “’0: 99 1995@ @el‘? O’n 2& ‘“‘10%
0025 a"@ogﬁ 1&@@2 2%&72% 60’53 “’Qa%@"
0.32 =0,88 1,031 4,34 Q.42 =0.87

0.0L  l.l22
002 1.1ll4
0.03 1,109
0.04 1.102
3.06 1,089

©
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EYEERESS

o
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o 34
0.08  1.079 . 038  =0,83 1.021 4,40 0,50 =0.30
310 1,070 e 0ed3  =0,80 1,001 4.45 0,556 =077
Cel2 1,081 o8 0.49 0,75 1,003  4.50 0.61 =0.74

{}914 196’52 4051 {;653 Wﬁo?? 0099& 4'0-'1 0065 "‘Qo?@
0.3&  1.046 4.55 C.57 =0,70 Ca390 45T 0.68  =0.67
020  L30  4e62 065 <D0.64 C.O75  4.62  0.TT <0.63
gse’@' 10518 'ﬁrwéé @a?}- "’@om 00%5 46‘5‘? @.82 @‘00 §§
o268  1.005  4.68 0,76 =0.58 0955 4,70  0.89 =05

032 0994 4070 0.80 =056 0,940 4,74 0.92  =0.54
0,36 0,983 4,72 .84 0,54 0.935 4,76 0,94 <0.52
Codl  QeT72 475 0,83 =052 0.920 4,79 1.01  =0.50

Ge50 0949 4.33 0,98 =046 0,900 4.84  1.10  =0.44
Q.50 0,928 4.8  1.06 =0.42 ToBH0 4,88 1,20 =040
370 0,911 4,22 1,13 =039 G.88% 4,92 1.30  <0.32
080  G.8%4 4,95 1.20 <=0.35 0.847 4.94 1.38 =026
059@ C’og?a 46% 1-28 m’{:ogg (}5833 @.gf 1.5-7 m&.}.g

10% 0.@5& 5-% lo% W‘Qq:ﬁ?é ff.@m ‘@ngg 1.5% ‘”Q"vléf
1,20 04842 5.04 1.48 =0.1B8 0,798 5.02 1,70 =0.04
1,40 0.818 5,06 le.62 0,08 0oTTT  5.04 1,85  +0.07
1.60 C.790 5.08 1.79 +0.02 GoT60  5.05 1,97 0.15
2,00 0.77C 5.10 1.93 0,12 0.T30 5.08 2.18 0e31
2,50 0740 5,11 2,13 o 27 0,700 5,10 2.41 0e49
T00  0.TLE  5e12 2,33 God3 0.678 5,12  2.58 (.62
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L ATROSPEEBES
To = 6100 k3 log g = 4.43 Pe = G400 1

(o © logp logp, log k © iz
Q.00  1.020 0971
GQGL 19@23 308& Q.{}ﬁ @lo?}l Go%ég :708?'
0002 19%5 4069 Qogv “lom 60% %cag
0,03  0.992 4,18 .34 =1.00 G953 4615
Qa@iz Geg‘% 5@'625 Cﬂ'aég @C}a@é {}-g@?f’ Aogg

To08 Co982 4,35 0.52 =0.86 C.938 4.32
008 G974 4,41 C.58 =0,80 U930  4.39
o120 Qo905 4046 0eB4  =0.T7 C.%20 4.44
0.12 0988 4,51 Q.65 =0,73 0.913  4.49
{}ol‘g‘ Gagég 4*05"':} Go?’:‘ mﬁo?@ ‘3.9@7 iogg
G166 0,942  4.58 0,79 =0.67 0.839 4.55
018 0.9%5 4,61 0,83  =0.64 G.891 4,58
0e20  0.828 4,63 089 =059 G.885 4,60
éez’é @oi}y? %068 C}og‘g "”{3057 ge%? 406‘%‘
Ge28 G906 4,71 1.00 «0.52 0.862 4,67
CoB2  0.B9C 4.74 103 =051 Ge8BL  4.70
0u%6 0,885 4,77 1.07 «=0.49 | 0880 4,72
Codi G877  4.80 1,15 =0.42 0832  4.74
QeB0 04885 4,84 1,28 =L.53 0,812  4.78
D60 0836 4,87 1,39 =027 0.795 4.81
0o7G  0u820 4,90  1.50 =0.20 GaTBO 483
GeBO  GoBI5 4092 1.80 <012 U765  4.85

® Gof?gg 409‘%‘ 1 e?a “”’éo@% /:075‘@“ 4‘085@

213

G707 B.0L 232 Cudl | 0,673

o

T D B e B bt bt O
8888588

oS50 0.666 5,04 2,63 C.67 0.632 4.94
,?a% Qoé&‘f} ?9@5 2081 @582 696:&@ 4095
4,00 0.605 5,06 .09 1.06 0,577 4.9

@c?&j 55'095 l.°?9 'é’“‘go(}}. 009?42 5%08?
0,759 4.93 1.9 G012 Ge 721 4,89
0e740 4,99 207 0,22 G.702 4.90
0,722 5,00 2.21 033 G.688 4,91

@'6%3 50‘:}2 2042 GCS{} Qagﬁl 4.93
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oS
distributed scross the spestrm. Theose snsble one to compute the continngus
monochromatic flur 2t the surfece of o ster through the relation

o0
{18) %?,L;{@)nzf%ﬂ??)}-ﬂgin} ddy 4
o

whore S '12{ %, 1 is the source function end ¥ i { 2,) is the second expmmeniial
integral function. Zlsctron scattering ie negligible Tor the rauge of
temperstures considered in these models. The usuzl procedurs of replacing
the souree function by the Planck fumection

4

o f 4\. 4 .—-,
N - y 3 %31//};, i QAN I
(19) B,y (7)) gg,ﬂ [ ~1
was folloved here. The Planck function may be evaluated in Yerms of 7 through
equation l4. Horeover, through the relation

4

{20) Com jguéc ;

yhich mey be nupericslly integrated with the aid of the sorresponding model
in Teble ¥ and S¢rongren’s tables, one may obisin an evaluation of the Flanchk
function in terus of (, y for each wevelength., Although the emsrgent mono-
chronatic Tlux may then be obiained through a mumerdesl integration of
eguation 18, an approximete solution W » guadrature formuls due %o 4. Fels

{Aller 1957) was generally used, The two-point spprozimstion is
{21} Pyl 0 = 0.8 5,0 0.397) + # 0.118 By (2,723

A%t some of the wovelengbhs for Aifferent effective tewperatures the
ratio ky fgg ig very nesrly independent of optical depth. For these cases
equation 18 wey be eveluated exactly with ky ,52 ag & paraneter. Choandres
sekhar {1950) hae tabulated the quamtity o, @ ) defined by

{22} FyL o Bp{0) :}x B,

vhere o= nV/ kT and 6 = Lﬁg o The fiuves were also compuited from thess tables

2

for those cases of constant k«} ,@, The differences botween these %o methods



—p
@
e o

were seldcm greater than 5. 'The latter values were adopted when the varie

P - L4
tion was emmsideved

54

ad
ation of k,/k was safficlently small that exect integr:
mops ascurate, Hoveower, two stralght numerical integrations weve performed
ot wavelengths where kx}fg varied significantly. The rosulis agreed {(vere
haps fortuitously) with the fuo-point caleulations to withia 274, 1% would
seem that the one zigwme errors in these flux values due solely %o compude
aticns sre less than 5% st the worsd; furthermore, the relative fluves
{ry/ #)(55601] } should be considersbly more accurate =e probebly 1 = 27
st the extrems.

Table ¥i lists Ea gt ¢ = C for the above molels. The last thrse rouws
are entries froa model atmeaphers eompuiations by K. Osawa (1956) and 2, Sod
{1957} The Te 7560 k end T, 8300 k wers found from interpolating between
Dgawa®s log ¢ = 4.0 and log ¢ = 4.5 tshbles using log g = 4.%%. Usawa's and
Saito's models were constructed using the same ionizebion and opacity tables
28 was used in these oaloulations, so, all ths msodels should bs cennatible,
Jsowal's nodels possees flux constancy through the staeosyhers while Saito's
mofel insiudes electron scatisring.

in oxder to compave thess fluwes with the obserwed relative fluges
i wag interpolated from the entriss end the menoshromatic wmagndtudes
ARLE) defined by equation 9 ave listed in Table VII, Figure 10 is @

. i1 ;
graphical rerrssentation of these clﬁéiﬁ values against Zf)~ o

to
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o L2652 36h7T 36470 L233 5050 G250 G206 GR06. S2Ls 10503
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IV, COMPSRISTE OF THE'RY 9D OBSERVATIONG

1% is now possibls to compare $he obzerved and theoretical energy
surves. i wss sbeted in the introduction, the scanner é@fle@%ianskiﬁ &
particular wavelength interval arve reduced by any line absorption existing
in the region. The line sbsorption measurements listed in Table IV msy be
used to convert the cbserved deflectiocns into line=fres deflections. A
cuyve defined by these converted prints represents the enerzy distribution
o the continucus flux of o star with an effective temperature in exzcess
of the true temperabure by an amouzt indicated in equation 1. Since the
observations snd caloulstions have been made relative to A5560, the blankete
ing coefficients should be om the sawe basis. Table VIII gives the reiative
blanketing coefficients in magnitwles defined Ly the velstion

(23 SM= + 25 isg[({/\} /X{ﬁ%@ﬂ .

These values algebraicslly subtracted from the aonochrometic magniiudes

obtained with the scamner and listed in Table II give the line~free valuves,

Teble VIIT
-!.&é x.&igﬁ .;.; ,M;.ak 'S_EJAL%?Q-‘ C@i Evﬁ"‘ ,'ilﬁ,&___ A%AS} SM
A 3400 3650 3860 4040 4180 4580 5060 5560 5810 6050
Shar

B ard 038 0,05 010 0.03 0.04 0,04 0,00, 0,00 0.0 0.00
& Boo 0e23 013 Coll 0,08 007 0,027 0,00 0,00 0.00
o0 0629 0,28  0.18 0,14 0,17 008  0.03 000 =0.01 =002
110 Hert, Co24 o3l 0.21  0.16 0,15 0,07  0.03% 0,00 =0,01 =0.02
S Come Qo227 084  0.66 025 0,28 0ol2 0,05 000 =0,02 «0.03
51 Pege 0ad0 0.2 0,52 026  Cu26 0,13 0,04 0,00 0,01 =0.04
BD140283 (.04 0,04 004  0.00 000 0,00 G800 0.00 0,00 0,00
HDL9445 0.1l 0,08  0.05 0.04 0,02 0,00 0.00 000 0,00 0,00

# estizsted from spectmum of o Can, Hin. conteined in Hiltrnereiillisms
. 7
ktles (1946},

#  the values for 110 HYerc. and f753Fi for N5060 ave assumed 0 be the saus,

Figurss 11 through 19 illustrate the results graphically; the s0lid line
is derived fron the obssrved flux and the circled points ave the blanketing

compensated values., The dashed line corvesponds to the model best fitting the



=5
blanketing compensated distribution. 7The model for each ease was obtained
by interpolating in Tigure 10 for an effective tempsraturs ylelding the best
£i%. The *best £11" wos decided to be that curve vhich sgreed best with the
red observations snd $0 o lesser extent provided the best compromisg  in the
visual and blue regions. For reassons to be described leter no weight was
apcribed to the speetrsl reglons cfA<_$9@09 which evidently is consistently

he region of lesst agreement.

b

Bafore discussing these vesults in more deteil, one should perhaps
comment on K Lyrae. Detause o wuch is dependent on this ster it was deoided
4o incivde a plot of ite flux distributioan {?igure 11) and the wmodel best
fitting it. The metallic line sbaorption though practiecally nonesxistent
vag determined from a 100=inch Coude plate To. Cel20Y7 and the resulis are
indicated in this figure. &n effective tempersturs of 11,0000 k which is
compatible with the prosently accented velus for an A0 ¥ star meems to give
the best agreement with the cobeerved monochromatic flux,

It is appasvent that the best agreemeut in the casme of «Liyras possssses
soveral regions of marked disperity highlighted by the wliraviclel regicm
shortward of A3647, the ulitraviolet and part of the blue region longwaxd
of X3647 and the infraved past A8206. At this stoge one encounters the
usual dilemma in attenpiing to doclide what level of agreement bsiween theory
and observation is satisfaotory, since, 1% is mown ths dhservations are of
limited sccurscy while on the other hond because of the & priori sssumptions
snd approzimations enployed the models and the compuiations also posssss a
degroe of unceritainty. I iz of course difficult %o place a one sigms cone
fidence limit about the theoretical results and at the preseant time iV is
impossible to do the same oy the uliraviclet calibration of « iLyrae since

this reglon has been investicated only once = the Jungfraujoch messurensnie

taba,

by bier and Chalonge (1940). The remsinder of the spectral vegicon has

heen subjected o two or three independent investigstions {{ode 1953/ it seems
gertain that the nonochromatic magnitudes relative to ) 5560 compiled from
these resulis are gencrally correst o within O.l. However, it is clear thal
although the model agress with the obssrvetions in a rough sense {that 1s,

the nodel fits thie spectral tyve betber then any other) it almost surely

dozs not yisld the ftrue values in the ultraviglet snd blue reglous irre-

spective of the observational eryor, The hypothssis that the <« lyrase
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observations are in errer by 093 in the far ultraviclet snd should agree with
the model implies a negative Balmer Jump in lster-type stovs. o the olher
hand 4t is not uwnlikely that the < iyres magnitudes in the oversll wlirae
violet sye fainteyr by 01 than the true values. in ergument for the existe
ence of this differcnce is the scngistent disparity of roughly thls amcunt
between the models and sll the stars in this prograsm. It could be maintained
that the ulirsvislet opacity values, for exsmple, used in the computaticns
are consisiently emall predusing fluzes greater than the observed. It is
difficult to understand, however, hovw such an error could preveil mors or
iess constently over s range of temperatures of 5000° k within which the
dominent source of opecity shifts from ¥ $o ™ and noreover, apparently be
independent of metsls abundence perticularly in the cocler sters. 4 051
error the absolute calibretion results would ssem at present %o be the wore
attragtive hypothesis.

I% is not surprising that the 490 V model devistes from the cbeerved
distribution to the extent that i% does. Cerialnly, the sssumption of a
grey body tewperature distribution for such 2 star is of guestionable
validity with respect to the accuracies involved. In the regiom N\(3647
one sees a very short distance into the star because of the lavge opacity,
ig., the obssrved flux ewsnasbes primerily from layers sbove 2 = 0,1, There=
fore, say change in the temperature distribution or mowre specifically, the
boundary temperature, will &ffect this wltraviolet region considerably.
Purthermore, because of the sxireme Delmer and lyman ebsorption lines and
the corvesponding decremente it is quite likely that the actual boundary
tempornture lies significeatly bslow the grey body value providing e lower
observed ultraviolet flux,

A reascneble explanation {or rationalization) of the disagreement iu

he region )\ > 3647 is not so forthcoming. Again, it seems unimaginable
that the observations ave the sole cause of the differences since this
vegion {except the ambigucus region arcund A 5700) is cue in which more
reliable resulis are aveilable. Porcing agreement here als¢ causes severs
dissgresnent in the remainder of the progrem stars except B sri. The poing

1 = 2.59 is understandably low because it lies half way between Hy and He
A v
whose wings overlap. The receiver used in these measurements hes a finite

band pass and the resulting measurements are suppressed escordingly .
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The points at groster wavelsengths should net be affected by the adjoining
hydrogen lines. I% is intevesting to pode that B ixi shows the seme dis~
parities bvut $0 o emaller degree while in the next cooler star, ¢ Boo, they
rave become stationsry remeining roughly the same for the rest of the stars.
This would indlcate that the variable pert of the disparities i dus %o ine-
accuracies in the wodels. The models for «lyr and B Ari were computed ine
dependently bat using the seme hydrogen opacity $ables. The 10,700° k model
by S, Ssdto {1956) includes electron scattering but the grey bedy temperatuve
&ia%wﬂbuti@gfgze& and therefore does not imply fluy oommetancy. Iin “saws’s
23500° k& model electron seatlering being negligible is not included but flux
constancy is required., UNeithor of these refinementis eve capsble of account
ing for the excess in blue flux, Thore is the unlikely possibility the
theoretical hydrogen opacities arve wnder-gvaluated. S$i11 another possibilily
is that the actusl semperature distribution is seversly perturbed by the
genorally nonegray opacity or by convection which cosmences in these wmodels
growd X = Ol

In the infraved regions of o Lyr past A 8206 thers is & clear case
implying the published flux distribution iz insccurate. The scatier of the
observations in this region mskes it difficult to derive a flux distribution
with confidence. The opacity longward of the Paschen limit is leass than it
is on the blue side of the limit. The color tewperature should therefors be
greater on the ved side. The reapective slopes of the model arcumd the
Paschen limit sgzee st least qualitatively with this argument but cbservations
do note Indeed, the slops of the observed distribution implles a greater
opacity pest the limit while the strength of the flux in this weglon iwplies
the smnbrary.

These problems have been discussed not with the purpose of atteupting
5 ascertein the cause of the difficulties but rether to emphasize thels
existence. The Tsct the model does not acourastely rvepresent the true flux
distribution of < Iiyy is of secondary importance in this investigation.
“het is of concern, however, is how accurately the observed distribution
sgroes with the trve distribution; eny errors in these measurements ars oX-
hibited by all the sters in the program. it is the writer's opinion that
the o Lyr monochromatic magnitudes are in error in the ultraviolst by

roughly OF1 and dhat this quantity diminishes to about zers avound L = Z.4.
A
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I% is also felt that the infrared volues are ervonsous and should colneide
closely with the model. %he published values have bean used, however, ito
congtruct Figures 11 through 19 and Teble I, Decause the questiocunsble
infrared results the curves have bsen derminsted at AB000, In pessing i%
ghould be venarked that there i3 also an observetliommal difficulty in the
infrared with atwospheric wader vapor bands. It is also zuspscted for later
types that zdditional contimucus opacities are effective in this region,

Tn the stare 0 Com, 51 Peg and cther late tyves cbserved by Code localized
depresaions have been found which geem too large to be fully explained by
gither of the above ¢wo effects. Thewrs iz also the Chealonge diseontiouity
nepar S000A which is appeavent in the figures by the systematically lower valus
at 1 = 1,98 and discussed by Code {(1959),

is wentioned sbhove the observed monochromatic magnitudes are consgiste
ently below the theoreticsl gurves in the wltraviolet for a1l the siars,

Por the later speciral types crowding of absorption lines in the ultravioclet
snd consequent suppression of the spparent continuuws hes caused the blanked
ing messurenments to be lower then the true velues. This effect is incipient
in ¢he far ultreviclet measuves of the P6V sters and becomes proncunced in

8 Com, The star 51 Peg undoubtedly shows line crowding out to AS000. The
eyancgen band at A3900 in this star is an extreme example of this effect.

The overall sgreemwent between the models and the blanketing compensated
digtributions doss leave room for lmprovement. Un the other hand, the agree-
ment 1s significently better than the comparison with the scanner curves alone,
1%t is encoursging that the effective teuperatures of the models giving the
best Fit are comparsble although slightly higher than the established temp-
eroture scale for meineseguence stars (ﬁyﬂ@kvlgﬁl). The gyastenatic differs
ence stens from the fact that the absorption lines in those stars csuses
more $flux 30 vediate in the continuum regicns. To estimate the actual effect=
ive temperature of a star one rust measure the total smount of line abscyption
throughout the spectral distribution and employ equation 1.

The total absorption msy be adeguatsly determined in the following
menner. The circled noints in Figurss 11 through 19 define a blanketing
compenseted curve. However, in many of the reglons between the meesured
wavelengths the line sbsorption is grester. It will be recalled thet the

wavelength points were selected primarily on their merit of being free or



pearly free of stronz line sbsorptioe and yet giving a fair smaple of the
ensrgy distributicn. Therefors, if one were o trensform every polnt on &
scon ey %ra@img‘mﬁaaﬁi'f ) curve ons would find meny vegions wherve the
transformed curva falls below the smoothed moncchromatic megnitude curve.

The Aifference between this ocurve and the ourve defined by the clrcled polnts
iz 2 mossurs of the sbsorption ad any wavelength and the integral of this
difference over the dictribution is then the total blapksting in the obe
servable region, 4 practiesl way of meesuring this is %o connect the measured
moints on the scanner recording such that the conmaecting line is comrens
surate with the / H{x ) scammer cwrve. The percentage difference betwsen
this line and the trecing is =n indicaticon of the additionsl absoypition which
pust be teken into secount. The numerical integrations may e adenuately
aseonplished with integration intervals from G.05 o G.l f““le Zo obbain

the proper ovdinate for esch intervel the scamner wecording is divided into
the same integration intervals. 4 measurement of the ares in an intervel
between the comnecting and ecammer lines divided by the total ares under the
troving yields the percentage by which the perticular ordinate value should
be decreassd. This procedurs is valid if the response funcilon of the re-
coiver does not radicelly change over the integration interval. (It might

be objected that this procedure which is accurate to sbout 1¥ is too ele-
borate to follow simply to obtain flux corrections for the temperature
estimetes, However, these resul$s are alsc used in the following chapter

in the aunlysiz of steliaw colors.) This new crdinate subtracted from the
corresponding ordinate on the blanketing curve yields the difference to be
integrated, Teble IX liste the resulis of these calculatious es well as the
nodel and corrected effective lemperatures. In this table AF is formally

defined by the relation
= -] v {1%

{24} Ar{o) = f(?f:ﬁ’“?v )av
o

F oo & ,’;f-m :
where P37/ and Y/ are the blanketing compensated and corrected scamney
fluzes, respectively. The quantity F is the total {lux from the star and

ig defined by the relabtion

i2§§ Fe= T?@é/rr ®
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Table 1

Ftar Hodel T AT/F Te
« iy 3.05

@axt 5500 0,060 9350
T Boo 6800 0057 6700
Elo] 6750 0,065 6650
110 Herc. 6550 0.089 6400
8 Com, 6100 0.10 5950
51 Peg. 5800 012 5600
BD140283 5450 0005 5450
ADIS445 5300 5800

For the stars «Lyr and @ vl the chief contribvutors o the todal
blanketing ave the hydrogen lines., Undoubtedly, the ILyman line contribution
is not negligible in « Iyr and AT will be correspondingly greater, DBee
tween the spectral types 45 and F2 the $ransition oocurs from the Balmer %o
the wetellic lines as the primary contributors. Although line sbsorption
becomes quite severe in the ultraviolet in the later %ypes its effect on the
blanketing is mitigated somevhat by the shifting of the spectral distribution
to the red. In 51 Peg, for exaumple, the asctual blanketing ecoefficients in
the wltraviolet certainly averege at lesst 50%; but the total fiux vemoved by
the lines is only 12%. Zimilavly, the lymen lines become stronger with later
type but this iz offpet by the little energy in this region,

One of the more intervesting vesults of this investigation is the corro
boration of the significanily cocler temperatures ascribed to the subedwarfs
{Code, 1957; Bahng, 1958). An PEV star has a nominal effective temperature
of 6400 k and although HD14028% cerries a middle Fetype classification its
effentive temperaturs is a 1000°k ecooler rendering it egquivalent o = G&V

star. These results sve further discussed in the following chapler.

The use of this method to determine the effective temperstures of other
glagses of stars effovds an inderesting possibility. In this enalysis si-
mulieneous use of the obeerved energy distributions, the blanketing messure-
ments and the theoreticzl spectral distributions haz been made in order %o
investigete steller offective temperetures. The method is only as good oy
accurebte ag the lsast scourate of the sbove three factors. The group of

stars under study is considered the "smefest? from the sbove standpoind
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{and consequently thet group which is best understocd). The method at pre-
sent is offective for late 4 through middle G tyne stars.

A%t the higher temperatures our theoretical lmowledge at present ssemg
ingufficient to obitain good tempeorsture eadtimetes. Also, at the earlier types
the energy distribution becomss less tomperabture sensitive and the increments
of tenperature change become incressingly lavge with earlier speotral type,
the latter of eourse being sn empirical affsel. There ig, of courss, the
further disadvantaze that we can at present observe only the $eils of ¢the
energy distributions of those siars,

At the oooler limit the observational diffieulties in the visible
region become very oomplex, The blenksting measurements become hopeless since
gtrong overlapping of lines wipes ocut any tvace of the real continuum, The
peanmey tracings become almost chaotic in some regions presenting an over-all
Jagred snd uneven appesrance making it increasingly difficult to accurately
matoh the tvacings and the blankeding coefficients. Perhaps a promising
avea of investizetion of late tvpes iz an anslysis such as this one working
golely in the far ved end infrared even past 10,0004, As implied above, the
heavy blanketing for some late tymes may not be as damsging to the validity
of the separation of continuous and discrete opacities es it would at first
seem. Tor a star of 5000 k roughly only 20% of the continmuous flux is emitted
in the apectral vegions less than 40007 so the total flux removed by the lines
is probably caly 159 or so. The disadvanteges to this region are the possie
bility that the tervesitriel abscrption bands may be troublegone and the fach
that the region requires receivers with surfazces such as the PbS surface and
which ave lower in sensitivity than the 54 or triealkeli suxrfaces.

Trom the observational standpoint this method may be readily extendsd
to Ay, F and G stars of other luminosity classes although, the wider dise
persion in chemical cowposition end mess in the glants may cause some an=
biguity in associsting the spectral clessification scheme with an effective

temperature scale,



TERTINY 6
e PRV

STRLLAR COLORS

i. Compuiaticns
Poesuse of the iwporiance of the role of stellar colors in astrovowy
knowledge of the blanketing effect on sotellar colors is of obvious value
when the eolors sre appllied o sstrophysical problems, 4% the prosent

time the UBV systen of Johunson and

e

Hovgen (1953) iz o stendard photometric

yeber and is the one used in this investigation. This thres-volor system
is accurately defined by a list of standard shars whose colors hove bsen
carefully weasured in this gystem. O the other hand ome should be able to
define this gysten physically in terme of the response functions of the
repceiver with the thres filter gysitens employed. With this inforsstion one
nay compute the BV and U= colors of stendard sters whose energy distirle
butions sre konown and empect to obtnin agreement with the standard list,
The effect of Llanketing oo stellar colors may be saceritsined by lotegrating
the absorpiion line-frec fluves as well as the observed distributions.
The theoveticsl fluves mey also be integrated and their eolors should,
ideally, sgree with the line={ree {inclvding the Balmer iinss) colorse

The TRV photometric system is physically defined Ly the following

specifications on the vevelver., An ACA 1P21 surface and two eluninmum sude
Paves ars euployed with the Tollowing filters: U = Corning 9863, P = Corning
5050 + 2 e Scholt G01% end ¥ = Covning 5384,
Bhe 1021 with these filters without the aluminum veflection have besn pube

7ty
.

the sensitivity Tunstions of

Lished by Jounson sud Morgen {1951).

1% turns oot thet the published data on the U system exdends slightly
farther on the witreviolsd side than the alwmospheric cub=0ff. The cbgerved
5 vesponse extrepolated 1o zero alr mass will therefore uol coincide wiih
the sompubed value. In oxder to insure compabibility between the computed
and observed U vesponse it i necessapy to fold the nimospheric extinction
relation into the senaldivity fumsiion, compubs the vesponse at two or wore
gir mass valuss and extrapolste to zerc alr mass. The stwospheric extinction
relation may be veadily obtained from the standard Reyleigh extinciion law
or the curve in Tablae I with the ozone esbsorption imcluded in the uliraviclet.
{Concerning the latter effect coufer, for example, illen, 195%). Table X
1isds the wvesponse functions of the UBV systen including itwo aluminum roe

flegtions for sero, one and two sir masses ag constructed by Code. In this



table & is the seunsitivity Tunciion of The filters plus two sluminum reflisse
tions and P is the exdinotion term. The additionsl sir mass valuss for the

Pand ¥ filters have baen listed for compleiersss. It may be directly verli~

2

Pied from the sums at the bottom of this table that the direct and the extres
) ki e E R £V, e i
polated U respongs will differ by wroughly .1,
Althongh equation 3 was defined with the nevrow band pass of the scamner

in mind it apolies sg well 1o wide band phobometry. ¥With this eguation me

obtaing the computed colors €, and C§9 through the relaticns

{25) Cy = CLT) = C{B) = 2.5 log [ Ei%},,ffi?}] ;
Uy = C{B) = C{¥) = 2.5 log [ zﬁm}] .

The UBY systen has zero points determined by six 477 siars whose meun Ul

83

and B=¥ colors ars defined o be zsro, wWith thin definition the above colors

are rolated $o the =B and B=V colors through the relatlons

%-»EE ad ﬁ& L 10120

Pl = GE}' + 1,040 2

given by Johnson end forzen (195%).

The observed Fluxes conbained in Table I1I were corvected for the line
sheorption on the scamner tracings and the integrations were performed wime
erically as ocutlined in the previsus chapber, Table XI lists the computed
stellar magnltudes in the thyee Tilter systems relative o >\§5@@g the o
puted and observed U=D and B=¥ colors and the differences betwesn thew. The

o)

TeB and BeV diffevences sve nearly constant having BIS fluctuations of (B4

and 0.02, respectively which ave cummensurate with the accuvacies of the
geanner observetions.
There appeers to bo o slight systematic effect with spectral ype

vted vitreviclet colors for the stave with

yhich tends %9 give smaller ¢

strong hydrogen lires, The poesibility of an over-estimetlon in these stars

for the effect of hydropen linss in the ultraviolet pumsrical integraticus
of the scanner trecingswas considered. It turns out that the probable eryor

4

o . ] Y33 . N
in these estimates iz 2% most 0501 or 0002. An sliernate ezplematiom fox

P
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thiz effect ig contlingent on the possibdlity that the 154 band pass of the
goammey is somevhal larger thaa the bend pess of the receiver used in the
abaolute calibration of oiyr in the viiraviolet, The point AIBE0 site

vated widvsy betueen Hy and He is affected by the wings of these lines

when they ave strong and the scanner, possessing the larger band pass,
would regleter o smaller deflection then the absolule receiver.
with wesker hydrogen lines the overlapving vwings would diminish the daefled-
tiong less with the resuld that when these slars swe compared with «Lyr a
moasured fiux at A3860 larger than the asctual flux would be forthooming.
The spectral region contributing most to the U response is arouwnd )\ 3860
and the flux value st this point is erucial in delermining the distribution

purve between ) %650 and 24040, If thie iz, in fact, the source of the

PP . AP AR ST % SRR -0 < PRIV U TNPVINEORUI 5 S b o e e am B em A BLon aa e oo e
systematic trend the mean diffevence betwsen the obssrved and the compulbsd

U=3 golors is probably nesrer =012 instead of the «0%17 obbsined from

3

Table YI. The nean of the differcnces in the B=V colors is +0c1%. The

results for tyo edditional stars, 10 Lacertae and 16 Cygol 4 included in
8

A"

the iist have been obitelned from similar compubstions by Uode x19pﬂ;¢ &

discuzsion of thess resulis Tollows in the next section.

Table A1

Star e{my  cofs s{v”ﬁ (B=8)g (B=¥)y (U=B), (B-V), A{L=E] A(B=¥)

S
%]

oL LyF “leld w85 (.05 =0,1% 40,14 =000 $.00 =0,12 0,14
B axd 03 =}, 70 0,07 =Da04 Ge27 40610 +0.14 =0.14 Ge.1%
G Bao 0ed8 =0.45 0,08 0,21 0eB51 =000 (.57 =0,12 0.14
T‘:)i..w C"cﬁ% wﬁagg I\'( DQ w@.i@ Gn§6 %’GQQ}G 9946 Wﬁoig‘j Oal@
110 Heres D57 <055 (.08 =020 CoBl 0,00  Qad6 =020 0.13
B Com DeT5  =0,22 (11  =0,15 071 0:.05 (.56 =020 015
51 Pag. Gol7  =lel7 000 40,02 G078 0,20 (.68 0,18 .10
EDLAGRES (.57 =033 T.08 =0.42 .63 wDe28 0,51 =)o 14, 0.12
HUL9445 0036 =0.39 0.07  =0.37 0,58 =0.24 0,46 =013 0.2
1@ L&G m‘lo?@ “‘@o% @B o% “’Ga?@ "'{}au,u Q’cé.c
6 Cyg b =005 4078 #0198 40.864 =024 Oold
The line=free Tlux distributions were obbained from the curves deflined
by the circle veoints in Figures 11 through 19, The Dalwer lines sve fov

the present also exeluded in these distributions so nesr the Lalmer Limid
where the confluence of the hydrozen lines depressed the obsevved contd

the line={ree disiribution was continued along an exirvapolsted continvum 40
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the Balmer lindt vhenoe it was diminished $o the A3650 velus. Siadlarly,

Tor the spectrsl regions of those stars where it is obvicus overlapping abe

sorpdicon lines ave suppressing the condimiwn the ocurve wsg drawm ot & nore

1ikely level deternined urimarily by the slopes of the model curves znd the

T Tables 231 and 2711 ape exbibided the pesults of the integrations
of the lims=free and the theorveticed fluxes, Columns 5 and 6 of Table XII
are the differences in the computed colore of the sisliar and the line={rae
fivx diztributions, whils the lsst two columns ave the line-Tree colors
obtained by adding these differsncss to the cbserved colors. The parenthesized

entries in Table JIIT wers oblsined by inderpclation in Teble VII,

Teble XII
TR
Star clv)  el@)  olv) S{u=Blgm

oL Ly =024 =004 0,05 =020 =0,09  =0.30 =0,09
e éﬂé.ri moo@? “”{}ogg Qef}wéy “":je.}i} 3"‘3013 ”@ogé} “”’06%1
¢ Boo w012 @057 0.7 =022 0.1l =0.31  +0.26

b

oy G MR e Y Ty TRYWNT e
COLTRES 0F T 4 L DISTRIBUTIOES

aadl

roort 006 =0.50 0.05 =0.20 0,16  =0,29 0.30
110 Here. (el  =0.5% 0,05  =0.29  «=0.15 =029  +0.,%1
B Com. Deld w1 88 004  =0,%5 0,19  =0:3%0 0637
f:;j\. ?@go @(465 ”\’}e@f? Go(fﬁ ‘”{w}e‘ﬁg W“{)eg‘{gﬂ ““Gogg’ @0!@4
;}‘.Ql@@gg? Qo% m@, %-5, Qo? "“{30@5 &i}o(}i “‘Go 31 Ow FO
"\Sgo‘%‘i %ﬁaél @o@? ‘”g}oO'? ‘”’3’0@2 “{}031 Qe@

Table XITI

TOO0  0.00  =0.83  0.06  =0.48  C.35
TEEG 0,00  «0.70 006 <044 0.28
(800)  =0.00 0.8 005  =0.40  0.18
%0 0,10 0,91 0,03  =0,40 0,10
[6800)  =0.28 =0.85 003 0,45  0.06
10,7 DehB =100 0.0 6,03
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id. Tdscussion of Yesults
Figure 20 is a graphical rvepresentation on the U=Z, BV plame of the

results of these conpudations. The lower solid curve is the locus of points
defining the nmain-sesusnce as taken from Jelnson and Yorgsn {1953}, The
upper solid curve dsfines the computed colors of the models as listed in
Teble X111, Also pletted on this Tigure are the observed and line-{ree
golors of the progrsm sters.

The model cvrve shows some interesting features which ave primarily due

ot

{

0 the Balwer discontinuity. Indecd, the shape of this curve might be
Pairly wall imferrad by simply studying the motiom with effective lemperabure
of the A=) points in Figure 10 2t A36477, N3647 and A 4350, The
dip occurs in the region of maxiwmum discontimmity. Towsrds cooler tenper—
atures the curve emerges Lrom the dip end assumes » horizontal slope vhich
may be interproted as being dus to the rapid sbatement of the discontinulty
in conjunction with an increasing slope of the flux distribution. 4lthough
nodels only as cool as 5500° ¥ have been computed it wotld seem fairly sefe
0 extrapolate a2 ways %0 cooley temperatures on the basis of the rate of
changs of the slope of the distributions as well as the venlshing wvale of
he disecontinuity. The deshed curve extending ¢o 49007 ¥ shows the turne
over region where the discontimuity becomes ilusignificant, Although the
Turther extension of this curve is untertain st this time without compubing
the corresponding models it would seem that because of the predominance of
the smooth H” opecity the curve should begin to assume a slope similar %o
8 blagk body. WE% is pointed out that the line-free colors as discussed here
have been obtained by considering only the divsct effsct of the hydrogen
and the medallic lines, The swell secondsry offect duwe to the increassd
gcolor temperature of the contimwem with increasing line strength has up to
now been ignored. This factor as well as the effect of the weitallic lines
alone is discussed presently in a following seotion.

The line=frec colors ms showr in this Figure being derived frum sscurabe
peasures are themselves guite reliable. The obssrved steller colors possess
proboble errors of less than 0f01. Moreover, the blanketing coefficienis
ore socurate o 1% while the detorminations of the line=free distribution
and the numeviesl integrations ave good to 1 or 2%, Since the ewrors in

the sensitivity functions or in the sbsolute calibration {or scammer trecings)
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¥ s, .
ﬁearleéaﬁaei in the differences betwsen the computed stellsr and the come

puted line=fres colors, these differvences when apnlied %o the observed
oolors yield semi-smpirical line=-free colors which have uncertainties of
probably around G502,

Thus, the mainesoquence curve, the coordinates of the cbserved and the
line=froe colors are ascurately pleced on this UeB, B=¥ plane. Since the
model curve should eoincide with the line=fres curve it follows that ¢he
computations leading ¢o the model curve are im error. In sxder %o bying
them into the best sgreewent the model curve muet be translated =0.12 ¢ o0l
in the 5=V direetion and +0.2% + .01 in the =B dircction. 7The dashed curve
is this trauslated aodel curve. With this franslation the agvecment is oxe
sellent for B=¥ > 0825 with sove disparity vemnining sround < Iye and B Ari,
Rot only is this trenslated model ourve in coincidence with the line=Tree
solors of the middle=type stars but there is also fine and consistent sgree-
mont, gonerally within 50 k, between the temperatures on this curve and the
values found in Chapler 4 or ascribed from the esteblished teupewsture scale
for these stars, It should b vecognized that this rather hybrid method of
temperature determination which is an extension of the work by Boneachk
et al (1957) is to the first order independent of the ohserved speciral dise
tribution and therefore in s sense independent of the method employed in
Chapter 4. The basis for the trenslation will be discussed shortly. But
azide from these ensuing avguments there ls walididy in the gingle assevbion
that the model ovewe must be translated for the sske of agreenent, The fact
that this resulte in wiform toupersture agreemsnt is both a weseful dividend
and indicative of the general qualily of the models and the fact that the
error gsource lesding to the franslation is tenmperature indspendent. Ube
servationslly, the calibretion of this method reouires the determinstion of
the stellar colors end the line=free colors through blanksting measurements
not only in the B=¥ but the T-B as well. The latter is of course necessitated
by the existence of stars of varying wetals ebundances and as represented in
in Figure 20 by oBoo, HDI40283 and HD19445. Concerning the latter two stars
*  Although one may easily genevate the error coefficients for the sbove
differences in = formal expression in terme of the poszible error sources,

z morve practical way of verifying the reliability of these differvences is
$0 arply the blanketing cosfficients to the model fluxes, commude the corre-
gponding colors and obbain the differences bedween these and the wmodel oolors,

The Jifference in the resulis using these two approaches amounted to enly 0F01
to 0902 in the ceses tried,
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it is ssen thet again feuperabure waluse corresponding o Ge-stars result
with the hotter star UDLG445 being very similayr o the actual effective
temporature of the sun, (inticipeting the wvesulis of a following section one
finds for the line~reo position of the sun UeB = 530 and Bo¥ = 0,40 core
responding to = continuous flux temperature of 5050 k.) Finally, there would
soen $0 be st present o rather sericus insbility of the spaotral slassifli-
cation schemes to guantilatively isolate maimeseguence stavs of different
metals gbuidances. LFven the wildly deficient star 0 Zoo, seoms to have &
temperature some 200° ¥ covler then the 7000° T attributed to a normsl F2U
ptar and, of course, the two sub~dvarfs ape extreome mnd long recogaliszed
sanifestations of this effeet.

iii. The Systenatic Diffevences Boiween Thsory and Ubservation

The differences betusen the computed stellar colors in Tebls ITI and
the obsarved colors should sverage to zerc. The fact that they significently
do not indicates the published sensitivity functions or the monochromadic
Tluves vesd in the integrations sre in errvor. Similarly, the error causing
the required trenslation im Figure 20 cen avise only from the sensitivity
functions ov the theoreticel fluwss. There are, then, three candldates ap
errer sources: the sensitivity funciions, the sbsolute calibradion of Xiyr
znd the models., Theye iz insufficient informatiocn present to uniquely
‘3?.@01& the causes of the discwepancies, slihcugh as will be seen, thers is
a stroag cass for suggesting that the msin error source lies in the sengl-
tivity funciions. The sensitividy functions and to o lesser degree the
absolute calibration are readily amensble to Durther refinemenis given
enough careful mad diligent nesgurementis.

For the present, perhaps the besd course of action is $o consider the
implications which result from ebtbributing exrors to these guantitiss subject
to the constrainis that the ervors muat sumn to glve:

1. the diffevences betwsen the obasrved sl the computed stellar

colows, ALBY) = <0705 , A{B=¥) = +«0¥13

2, the required tromelation in Figure 20, A{0=¥) = +0%11 , A (=¥}

= =0el2,

Lonsidor what follows if it iz assused the sgbeolute cslibration is the
sourse of the differences in conditiom l. This would reguire the flux dlis-

tribuiion of o Lyr o be wmove than OFL brizghter in the blue vegionsy this is
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significantly grester than the probeble evrors of ithe abaclule wsasurenenis

in this particular vegion. {(Confer Figure 4, Code, (195%) Jo 34411 another

pEs

secotinmuity much

conslderation is that such en error would ilmply a
greater than indicated fros observstions particularly for very esrly type
starg, Furthornore, from this asswipbion 1% also follows that Zhe trave-
lation valves in condition 2 are dus sclely %o errors in the nodels. To
evadicate thie error o votatinn is wveouiwed of the theoretical fluw curves
about the point § = 1.8 such that the values ab %= 2,% {ihe effective wave
mubers of the ¥ and B filier systems, rsspectively) ave about 001 stronger

¥

i such that the ultraviclet regions ave U,1 weaker. Such a confisurstion
P I

lesds %0 8 Balmer discontimuity Lo 5500°¥ model iu excess of O o3 which
is unpoceptable. It iz siso felt that the precision of our knoviedge of %the

sntlouous opecities is botter than mﬁ. “he assusption thet the ﬁerfitivi‘ky
funotions ars free from ervors leads at this ftime 1o rether unteusble concluse
ions,

Code (1959) in dipeugeing the differences beiueen the computed and Obe
served stellsar colors has pointed au% that 2 similar discrepsncy exisets in
the sizecolor photometry of Stebbine and Whitford (1945). He suggeste that
the U and the ¥ band pessees of both photomebrio systems may be overestimated
relative %o the U anl thet this may sten from the fact that the sensitivity
fTunctione of both gysteoms were calibreled with the same noncehromator and
thermocouple at Washburn Ubservalory. He has further pointed ocut thad
Tiffts (1958) and Bahng's (1998} multicolor date 4o not show this discrep-
ancy and that they were both ealibrated with differsnt monochwromators snd
*é;mmacmgsia@, Hotice that the BV differences ore essenitislly identicals
that is, attribuling a BV error of «0P12 %o the sensitivity Tunctions
eliminates the 5=V discrepancies in both Table ¥IX and Pigure 20. .iivibue
ting = U=V ervor of =0¥11 to the sensitivity functions implies a 0506 ¥
erver in the ultraviclel sbaclute calibraticn of o Lyr, vhich is azarly the
meen of the difference noted in Flgures 11 through 19. (The argumont can as

easily be oltered so that this difference is due %o model errors by allowing

-

the =¥ error in the sensitivity funciions to be <0905, )
It is provisionally asserted, subject to fulure revisions of ihe sensi-
tivity functions off the ol iyr calibration, {(and i% should be nobed %hat the

agcurate detersination of any one of these qusntities clesrs up the whols
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ive The Effect of detallic idine Blonketing on T%ellar Colurs

s%@?i@allyg the valus of th

from the oy

in recent years it has hecome shundantly clear that there exist significant

PR AR o L iy $ 2N S s . I p.d o a P
differences in chemicsl compomition smong mainesequence stars snd that, fow
X

exzuple, the mainegecquence stars in the solar neighborhocd form 2 nore
Sy B PO e 3 % o i o 3 2 - . . p
naterogensousn grovp then do the corresponding stars in o gelactie clugiswr.

of gub-dwarfs below the mainesequence in a colorevigual megnd

tude disgram ie linked closely with the corrvesponding metallie deficienciss
and ultraviclet oxcesses in this type of sters. It seems likely that groups
oy perhaps sven gystems of mainessguence stars exist vhose metals abundances

oo

ronge Trom ingignificant proportions to solar or slightly strongsr concens
trationsg.

The J@hmsenﬁ% regan UBY malneseguence {195%) is defined from ihe stars
in the soler aeighborhood, 7 some iwporience, then, is the keewledge of
the manner in which thiz maineseguence curve is altered as the meitsls abunde
snce varies. Dach group of homogeneouws composition defines o main-seguence
relation which iz displaced from the relation for another group of different

srpect a continuum of meln=sequence welstions

coepoaition. Thus, ons might
whoze boundaries correspond to the extremes in meials sbundance

es wiich oocuy,
Fo indesd estollish a fanily of mainesequence curves covresponding to differe

- s Al L @ . 2 s s
ent chemical composition is natursly z formidable {and perhaps wnreslistic)

observational progran and ome Tor which only small progress has been w
with the recent studies of galsctic clusters:

5 can be estimsted, however, and what is partially done in this

n on the oasuepe

the extremes of this sain-geguence conitim

ficn That the blanketing effect of wetallic absorpiion lines alone la roe

the combinnue and thet the Jobnson “ainmseq&emﬁ@ T

raaulting sbaorstion lines producs an insiznificant sffect on the oolors.
#ins one has svailsble an ensemble of nainesequence stars of constent

Bl

aoos but of diverse metsls shundances and consider the line Jdefined by th



B snd 5=V colors of these siars. s gtars of sssllor sbundonces are obe

s 7

weP moving avay from

;t
&

served the =32 and the B=V colors becone siron sediis
gecuence on a move or laos disgonmal line. The color tempervature of the cun-

timpoug fluy diwinisbes producing 2 sa:ll secwmdary effset oo the colovs.

Titinately, this blanketing live ferminstes vhers the metals sbhuwndences hag
diminished to & point vhere it no longer affects the colors which iz about a
factor of 25 or so down from the solar sbendancez. Thls, of course, may be

only pert of the story. The helium sbundsnce almost surely is correlated
with the metols sbundsnce snd will produce an additional effect on the
blankeding line by changing the @ffecﬁi@a %empera%ur@ of gtars. 5111 athe;
ominous fesbures are the complicating possibilities of a transifer in the
stellsr iuteriors from the bound=free mebals opacity o fres=free hydrogen

£ gms e o

i B,
& Gepun

varies with abundence and in the earlier types the ultimate transfer from

the carbon o the proton oycle., All that can be reproduced hers ls sirictly

A2

9,
¥

tha blankeding effect. ‘hereas the blanketing lineeg which were iusgined

sbove are lines of constant mags but not necsssarily effective temperature,
3 9,

the lines %0 be generated presently are lines of constent tenperabure but

not necessarily constant mass. Thess lines will coincide only if the effects

of ¢he above compliscations either are negligible or cansel. /s will be seen
there iz sope evidense to indicate that =zt lesst for wild depsviures from

normal sbundances the blanketing lines to be construcited do ceincide closely
with the ‘ewpirical lines’,

In owder to compute the effect of wetellic lines on the colors the swme
procedure was folloved as indicated in the first section with the exception
that ¢he effect of the hydrogen lines was removed. {?&@ slight effect of
verying the hydrogen line strength with metals sbundencs in cooler stars
where the metals arve the princiral suppliers of slesotrons to the contimaous
opacity has been ignored and is considered to be negligibl@@E The change
in the color tezperature of the copmtinuous flux due to metslllc line absorpe
$ion was found to vary from essentislly zers for &iyr to 2007 X for 51 Pege
o ascertain the resulting change in the osiors due tu this effsct omne nsed
only consuli the theovetical UEV welation as shown in Figure 20; 1t turns
sut the correctiong range from 0200 o 0004 in BV end zero everywhere for UsE,



¢

o the tempersturs effect,

ines and

€3
fot
[
(w

the color differentials due to the totul effect of ihe motalii
Tinally, the blanketing compensated colors which sve obiained by applying

the differentials to the obgerved colors.

Figure 21 shows the vemulta of these cslouladions. The dizgonal lines

somnecting the observed and the blanketing cowpenseied colors sve the

7

ing lines and ss pointed out sbove, are lines of constant effective temne

ature. ‘me might also consider these limes ss being generated by

neter, log e The ocwrve drawn through the blanketing com wensated poiate
2

i}

defines the upper limit of the meine-sequence corresy ponding o melals-rec
gtays. For temperadturesz cooler than abould 6000k this curve is identical
with the line=fres curve in Figuve 20 singe the hydrogen lines

i
gible contribution Tor cooler temperatures, The sorresponding effective

P
13
e{»
&

s
&
[+
@
g

temperatures are indicated and the curve has been extrapola
temperatures. The term "uelals-free” is used figuratively since as poinded
out ebove for stars with mstels sbundances of roughly five percent or lese
of the solar sbundance the wetallie lines have little effect on the colors.
An interesting comclusion follows from the horisontal slope of this curve
out to shout 5000 k. The shserved nainegequencs turns down around 6200 %
this indicsies that in this tewperature range the drop in =B is dus solely

to line absorption. The glope of the blanketing lines is not too wnlike the
slope of the cbserved meinesequence curve below 6000 k which is axvected fron

%he above consideration. They are not guite parellel and there is reesom why

E‘g‘»

hey should not bey the mainegejuence curve is produced by chenging the

&

temperature keeping the mebals abundance constant while the blanketing lines
represent constent tesperabure with verying sbundsnce. On this basis one
would ezpect the blenkeding lines to be wmore sieeply incliced which is the
es58. These lines have been depicted as streight for lack of further evidence,
Their actusl form aside Trom the additionsl faotors which may sffect them may
depart sosewhat frop a straight line, although, the logrithumic nadure of the
color indices tends to remxove the cuvvebturs. The depariuves from shraighd
lines might be inferved from the different alopes of the sube—dwarf lines
although the effect may not be significent. However, o Ivo which iz apparently
a mild subedwarf showe sbout the same slope ss the remsinder of the siars.

The oolors of the sun which ave included in this fizurs were derived in
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Fig. 21
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=303 +3e (5 0.11
+0e01 =,13 =0 O (e 22 330
hgh e B o2 <, 21 =312 =0, 2L Go34
110 Yere. 0.02 =023 =AJe L3 ={3.23 0.33
B Com, G.03 wide 33 (.16 =28 Gedls

iﬁm@ Go@-’-’% ‘”’Qo"‘%g ‘“‘ae 19 ““(.}929 Q‘oé“?’
51 Pege  0.04 0,49  =0.20  «0,2G (.48
Hp140283 0.0 =0,03 =}, UL (e 3L .50
2019445 T 00 =006 (3,02 ={3s 30 044

o The blanketing coefficients were oblained fwom the Utrechi

“tebbing and Xron (1957} obtain from their sivecolor photomedtry of the sun
2 BV colow of 0563, They consider thelr uwltraviclet deternins
somewhet guestionsble; uwpon transferring thelr resulits to the UBV aysten

one derives a U=f of O%07 which places the sun slightly off the neif=gequenss.
Although there seems to be some evidence o indicate the sun does have
elightly wesker absorption lines it does not yet seem eonclusive., Thevefore,
Por the present the standerd =B aolor of 0214 is veed; it will be seen thal

value =lgc lesds to consistent resulis. The differential color correts

- P . . N Fep and . Y B
tiocne due o meiallic lines was found o be ({UeB) = 0098 and §{BV) = =021

the latter velue being 0L04lerger than found by Schwsresshild, Sesrls end

0504 from the B=¥ value, 1% will be reselled that the Utrechi zilas PPE
sents the spectrum of the ceuter of the soler disk which is squivelent %o a
mtor about 200° % botter. The blanketing cosfficients derived from the atlas
are close $o those from a 807 stavr. In order to allow for this half the
differences beitwsen the differential color corrections Tor B Com and 51 Poz
wore added %o the solar velves. This brings the finsl waluves of the color
gorrections to J{I=B)y, = ~054% and §{8=¥}: = ~C¥19 yielding blanketing

5

o

. . . PR S ; S 3B I
compensated colors for the sun of (=Bl = «0F29 and (B=V)y = 004, This

o1

laves the sun at o position which is compatible with the other stars iwn

Tt

e

regerd to sffesctive temperaturs and also ou the selzloefree main-segucncs,
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check the colors in the catalog of the high velocity stars {Roman 1955). It

is found that of the 20 or 2o sbars with negative U=B golors nome of thewm

lies sbove the metals-free line; indeed, the most extreme star appesvs to

be EDL4C283% with a Saﬁﬂ~3%28% {end which still pessesses a emall line
correction), Thers is the additional significant point that the compensated
golors of both the subedwarfs lle on the netuls=fiee mainesesquence., The zter
HD140287% is down in metals abundance by roughly a factor of 25 from the sun

and a Yeobor of two of ED1G445, {(Creenstein snd iller 195G}, It i well known
that the sbellar radius is ingensitive %o changes in the interior opacity o
the helium abundance but is quite sensmitive to the presence of a convective
envelupe which in turn affects primerily the effective tenperaturs alteying
the luminosity only slightly. The lower metals sbundsnce

may fend to incresse the Dalmer discontinuity produsing a

frot that these stare glve sgreement with the metals=Tree 1lz

either the changes in log g (which vroduces predominently a UeB difference
by elsc chonging the diseontinuity) resulbing from s convestive envelone
variation end the Dalwer discontinuity resuliing from sbundance differences
are gmall or oroduge gancelling effects. This ecsn alse be inferred from
Figures 18 and 15 vhers the observed discontimuities are compatible with the
o the modelg.

tude disgram offers a potentiglly stringent indiecstion of

s

3

ich Yhe positions of the sub-dwarfs way be srplained by line

*  Derived fros nore scourete weasures yecently by G. ibell.
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This subject although somevhat bayvond the pealm of 4this investie-

gation is a logleal extension of The work in tiis shapter and is disoussed
vriefly. The problem of sub=dvarfs is curvently being studied by olher

investignbtors, nodably Code, and o wmore sovhisticabed treatuent of the sube

s

Jeut walch also fokss cognlizsnce of the effect of meteliie deficiencies on
sbeller interiors must awel?l a later date. iAgein, 211 that can be ascors

tadned here is solely the offect of line blanketing.

if oms could plot a1l the sbavs on & bolomedric nagnitude-eifeciive

tomperature diegran the blonketing effect per se would be nomeezistent.

By weing Figure 21 or Table IV and including the small effect of blankeling

o the absolute visual megnltude one obdains z tenitsmount resuld by travs
lating the sub-dwerfs for the preseribed distances slong their respective
color=maguitude blavieting line, The residusls between the corrscted positions

nd the weln-sesuoncs line may be expleinsd as due to denariurss of the

a3

sub=dwarfs from the novmal mainesequence wass-effective temperaiure lav,.
The absoliute megnltude chongss through the competing effects of the
lings =nd the continuous flux tenperature, In the visusl veassonse sysiom
it iz found from Tables VI and XTI that incrveasing the flux tempersture
produces M, = <CHe8/100% ¥, n the other hend, the flux remeved by the

5 - o s g y a . T s P o & s
iines profueess a chengs in s of 0801 in SBoo, 0F03 in 7T§ﬂwa aad 110 Hero,

o068 dn B Com, 0RO7 in the sum, 0508 in %1 Peg and zers for the other siars,

atf
In the sun, for exampls, the inorease in Fflux tomperature dus to the pressnce
% N 2, =, ko 3 i
of lines is about 200 k and thewrefore, the net change in ¥y is roughly +ORL
if 21l the lines are wvenoved; in ony case, the effect ig small because of the
condensed scale of the Iy ordinste. The effect is shown by the slight slope
'
®,

e goloremagaitude disgrem in Pigure 22,

of the blonkeling linsa showm on
color-nagnitude blasketing lines shown in Pleure 22 hove boen oob~
structed in the above savmer ueslng the normal and metals=Tres nulne-sequencs

The lower ocurve dravn through the terainal poinits of thess

sresents the mainegsesusnce of wetals—Lree stars i¥ the blenkebing

gnly is oporative on this basise #

4 ilde sbove this curve. By use of the sxbrepoleted modsls this

curve has been exionded povewiu acrmsl melneseouence exhibited

the location of the medales



Fig. 22

Age Zero and Metals - Free

Main - Sequence.
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in practice the use of the coloremagrnitude diagrem $o invesiigsie
sub=dwarfs suffers from the lack of good varallax determinatiocns for nost
of the stars of intersut. Indeed, for the ezbtreme Feilype sub-dwarfs such
a8 HDi40283 of which more then ten appesr in the high velocilty catalos,
shere ls apusrently no sbar whoss disgtance is sufficiently close %o give o
definitive resuld. o the other hand, a stabistical spproach would be of
questioneble utilily boczuse of the omall semple size snd bocauvss the probable

)

ervovs in absclute wegnitude (~150 | ave perheps several times the cuantitiss
of interest, namely, the residusls.

There asve a fow nild sub-dwarf shtars such ss ¢ Doo whoss distances resuld
in abgolute sagnitude probable ervors of (71 or O¥2, 4 list of some of these
sters for vhich T=B colors nre available was obbained %@@m recent work by
Tles {1959 and rresented in Table XWi. The @%aefve&%gmfr@@%ed positions
of these stars ave plotted in Figupe 22, Although these few cases offer
cnly o cupsory obegrveilongl vomparison, they do seem to sugzest that line
bleketing la predominently responsible for the depertures of the mild sube

dwarfs frow the naio-gequencs.

Table XVI

HD BV el NV pese  O[BT)
6592 .69 40,09 5.9 0.1 0.1l
0700 072 0,18 5.8 0,05 0,07
64379 0udd  «0.06 4.2 GaZ  0.04
BUL25 0,50 =005 47 0.2 0,05
128167 G037 =009 3.5 0.2 005
144579 073 40623 6.3 0.2 C.08
154345 0,73 Ge26 5.9 0.2 003

An dxnteresting project would be to correct all stars with good trie
genometric parallaves to a common UBV maineseguence and use the resulting D=V
trenslations o plot the coxvected positions of these stars on a colorensagnie
tude diagram. The vemaining vertisal spread in the main—sequence relation
zfter allowing for parallex unceriainties would be a meassuve of the effect of

abundance varistions srising from cauges other than blanketing.
In sumnary, the effects of blanketing have been demonstrated to be pro=

Al

nevature sstimetes. Covrecting cbserved

3 Jud . A o e gl Fue om
planketing leads to veassonable sgreement with theowy.




P

It ip clesr thal this investigation is far from comprshensive. Vork
romaing to be done on glants, supereglants, and other ssgbrophysical pro-
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