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Abstract

An exact method has been developed to determine tﬁe influence of
line emission upon the UBV colors of the T Taurl objects T Tﬁu and KW Aur.
Calibrated spectra of these objects were obtalned using the Stewerd Obser-
vatory 36-inch telescope and nebular spectrograph. These spectra were
corrected for vérious extraneous effects and. two colors were computed
from microdensitometer traces of each spectrum: 1) the continuum color
devoid of emission lines, and 2) the color including emission lines. The
latter color can then be directly compared to the observed photometric
color. Comparison of the observed B-V colors with the computed B-V shows
good agreement, indicating that the photographic corrections were properly
assessed. The difference of the colors, obtained for the continuum,
referred to as the

cl’
line emission parameter, shows apparent variations between OTOY and 071k

(B-V)c, and the continuum plus line emission, (B-V)

for T Tau and between 0?06 and OT15 for RW Aur, with some apparent depend-
ence upén continuum cblor. The line emission parameter shifts the position
of both stars to the right in the log L/Lo’ log Te diagram; this cah be
interpreted as a correction to the contgaction age of up to 20%.
This method of computing colors for emission 15 demonstrated to
be more accurate than that of Smak (1964) who uses photometry only. The
method employed in the present study is, however, quite laborious due to
the problems introduced by the non-linearitles of the photographic process.
Since unresolved line emission is almost certaiﬁ to be present iﬁ-

ix
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the spectra, the emission line correction is to be regarded only as a
lower limit. The B region, for example, covers a portion of the sﬁeétrum
where many metals lineé occur, so a contribution of these lines would
make the‘corrected B-V color determined in this study still too blue.

The previous -spectral type assigned to both stars is G5Ve, though
estimates have ranged from GO to G8. From the intensity distribution of

the continuum the types GO-KO are assigned to T Tau, F7-GO to EW Aur.



I. Introduction

T Tauri stars are obJjects of low luminosity having emission
spectra consisting principally of lines due to Fel, FeIl, TiI, TiII,
Call H and K, as well as thé Balmef Series of hydrogen lines. The
emisslon spectrum overlies a weak late~type Fraunhofer spectrum. All
T Taurl obJects exhibit irregular variations in brightness as well as
in spectrum. The assoclation of these objects with galactic nebulosity
has been definitely established. Herbig (1958) has suggested an
empirical procedure in establishing the conditions for membership in
the T Tauri class of variables., He offers the following spectroscopic
criteria:

(1) The presence of hydrogen lines and the H and K lines

of Call in emission.
(2) The presence of the fluorescent emission lines Fel
Lo63, ki32.
(3) The presence (though not always) of the emission lines
SII L4068, hoT6.

éince the classic paper of Joy (1945), -in which these peculiar
obJects were first described, the T Taurl stars have been a center of
attention for those who are concerned with the earllest stages of
stellar evolution. The Intimate assoclation of thesge obJects with
nebulosity suggests that theselstars recently formed out of the gaseous
nebulae with which they are associated. One can also interpret them as

1
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- older fiel& stars which happen to be currently undergoing passage through
a cloud, At the present time, evidence overwhelmingly favors the former
hypothesis although the accretion idea was popular not too long ago
(Greenstein (1948), (1950), Herbig (1948), Struve and Rudkjbing (1949),
Struve (1950)). Herbig (1957) argues that one cannot explain away all
the attributes of the group by assuming a normal star not associated
genetically with the cloud in which it is embedded. The underlying F-K
type absorption spectrum is characterized by diffuse lines., This is not
the case for the MK standards in this spectral range, The T Tauri objects
are found to be brighter than the main sequence stars of the same spec-
tral type. Perhaps the strongest argument against the "accident" hypo-
thesis concerns the absence of ény evidence, spectroscopic or otherwise,
thét these passing stars are accreting any of the surrounding medium.

If anything, radial velocity measurements of the lines of the emiseion
spectrum relative to the absorption spectrum indicate ejection, rather
than accretion of material. Kuhi (1964) has successfully fitted T Tauri
.CaII H and K line profiles to those cbmputed from a sphericelly symmetriec
radlally expanding envelope. Statistical arguments based upon data re-
garding the frequency of occurrence of emisslion stars in the Taurus dark
clouds (Joy (1945), (1949); Haro et al (1953)) have resulted in the
conclusion that the random coli;sion of field stars with clouds can account
for but one-tenth the number of T Tauri stars present in the clouds. 1In
some places, one observes a clumping of emission bbjects near brighter
early type stars, a quite unrealistic type of behavior for randomly

scattered flield stars.
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As is often the case when the underlying physical process
required to explain a particular phendmenoﬁ is not understood, one
must resort to eﬁpirical means in order to treal the subject. Thus
a classification scheme of the entire dwarf variable star group has
been set up by Joy (1960). He divides all dwarf variables into throe
£TOUpS.

Group I: Rapid Irregular Variables

Group II: UV Ceti Flare Stars

Group III: 5SS Cygni Variables
His first group is broken down into féur subgroups cn the basis of
range of spectral types and number of emission lines present., The
T Tauri class is essentially one of the subgroups. Thirty-one members
are listed in the spectral range G5-M2, nearly all located in the Taurus-
Auriga cloud complex. All four subgroups contain a total of 11l members.
Herbig (1962) has presented the most complete list of T Tauri and related
objects. His tablé includes 126 members and near-members of the class,
Many of the stars in Herbig's tatle are included in the other subgroups
of Joy's Group‘I, though he makes no attempt to draw the line between
T Tauri objects and non-T Tauri objects in his table. Of the stars in
Herbig's talle only eight exhibit what he calls the advanced T Tauri
spectrum, characterized by strong H, CalIl, and many lines due to other
metals in emission. Twenty-three others exhibit a less advanced version
of the type spectrum, the bright 1inés appearing somcwhat fainter. OCn
the other hand, twenty-nine of the stars he lists show either emission
at Hxonly or emissicn at H« in addition to very weak emission in ihe

photographic regicn. To these he attaches the name T Tauri-like stars,



emission. Twenty-three others gxhibit a less advanced version of the
type spectrum, the bright lines appearing somewhat feinter. On the other
hand, twenty-nine of the stars he lists show either emission at Hol only
or emission at Ho¢ in addition to very weak emission in the photographic
region. To these he attaches the name T Tauri-like stars, which is de-
slgned also to include some of the earlier type emission stars.

Still another property exhibited by most of the T Tauri variables
which have been investligated in some detall 1s the abnormal intensity of
ultraviolet continuous emission. One of the few detailed investigations
has been that of Bohm (1958). He has mapped the energy distribution in
the continuous spectrum of the ultraviolet stars LHe( 22 and VY Ori,
neither of whieh, curiously'enough, is listed in Herbig's catalog of
T Tauri and T Tauri-like stars. For 3800R<)\& SOOQR the continua appear
- the same as that of a K dwarf but a steep increase in continuum intensity
sets in below 38003, much too steep to be accounted for in terms of hot-
spot black body emission on portions of the surf&ces of these stars.

Bohm believes the only explanation for the rise to be due to unseparated
Balner series members and the Balmer continuum,

At least two different continua are present in the spectra of T
Tauri stars. The first appears most strongly at the peak of intensity
of the emission lines and veils the Fraunhofer spectrum in the photographic
region. It has been postulated that one 1s merely witnessing a large
number of unresolved emission lines. The amount of energy actually added
to the spectrum by the so-called blue continuum is not known. The second,

or ultraviolet continuum, appears to contribute significant amounts of



energy to the spectrum of many of the faint T Tauri stars in the Orion
region, though for unknown reasons it sppears weak or absent in the
nearer stars. The peaks of intensity occur at about 37003.

A recent wave of interest in T Tauri stars has resulted from the
observation that these stars may all show lines of Lil in absorption
which indicate an overabundance of that element wlth respect to the Sun
by a factor of 100, IiI) 6707 was noted in the spectra of T Tau and RY
Tau by Hunger (1957). Bonsack and Greenstein (1960) and Bomsack (1961)
securgd observations of twelve other T Tauri stars with the 200-inch
telescop; the L1 line was present in all thelr spectra. These authors
favor surface nuclear reactions as & mode of production of Li,

The basic observational problem involved in the interpretation of
the evolutionary configuration of the T Tauri objects is associated with
the fact that numerous emlssion lines are superimpoéed upon the underlying
continuous spectrum. Magnlitudes measured in various passbands, such as
the UBV or uvby systems, include the emission lines. Thus, the determina-
tion of the wavelength distribution of the continuous emission from the.‘
evolving stellar body requires an evaluation of the effect of the emission
lines. The author is pfoposing in this paper & program for the determina-
tion of the effect of these emission lines upon the messured B and V
magnitudes. This program is, therefore, intended to determine the energy
distribution in the continuum after correction for the presence of emission,
The spectral types of the T Tauri class are generally regarded to be in
the range GO-K5. One should therefore find that the corrected continua

agree with the absolute energy distribution curves for main sequence



stars as published by Code (1960).

In preparation for this program, the author had obtained'plates
from the Mount Wilson Observatory through the assistance of Dr. A. H.

Joy. These include some of the obJects for which he has published spectra.
A preliminary study fo these plates indicated that significant corrections
to the measured colors for the presence of emission are found for nearly
all obJects. This study has moreover indicatéd that wvhen one corrects RW
Aur for the presence of the emission lines the resulfing continuum does
not appear to be that for a norﬁal maln-sequence star. The reason for
this discrepancy 1s not currently known, however, the extension of this
study to a wider spectral region and to other obJjects should permit a
deeper insight to be obtaiﬁed into this problem. It must be admitted
that the study of these older spectrograms, in which the calibration is
to some extent open to uncertainties, must be accorded low weight even
though the effect seems to be too large to explain in this manner.

The emission llne problem haq been investigated ln the past by
Varsavsky (1960) and more recently by Smak (1964). Varsavsky compared
his measurements of the B-V color of several T Tauri variables with Joy's
(1949) spectral types for these stars. He found that for a given effective
temperature as determined from spectral type, the B-V color is up to 078
bluer than that for main sequence stars of the same spectral type.
Varsavsky proposed that at least part of the discrepancy between the Teff
vs B-V relationship for late type main sequence stars and T Tau variables
is due to the influence of emission lines upon the continuous spectra of

the latter. It should be pointed out that the spectra of these stars are
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very difficult to classify owling to the multitude of emission lines which

overlle the diffuse absorption features. Furthermore, there is no evidence
to support the hypotheslis that the spectral types of these variables re-
main constant in time. Kuhi (private communication) has noted marked
changes in the spectra of several T Tauri stars. Varsavsky found that
the largest discrepancies generally occurred for those stars having the
strongest emission line spectrum. The strongest emission lines observed
in T Tauri spectra are those of the Balmer series and CaIl, H and K. Of
these, the B filter i1s highly transparent to HY and HS and less trans-
parent to the remaining lines. Observations with the V filter, however,
are affected only slightly by the presence of Ho( and H? (The V filter
transparency is 10% at HP and 5% at Ho) and not at all by the remaining
lines.

Smak (1964) has devised his own phofometric system containing an
"emission free" color index, “B-V; the B filter combination is transparent
between HY and H@'while,v is the V magnitude of the UBV system. He has
evaluated the emiséion line effect by comparing the color indices B-V and

IB-V for twenty-six T Tauri type stars in the Taurus dark cloud. T Tauri
stars are found to deviate from the standard B-V vs "B -V relationship for
normal maln sequence staig.by up to 0?5. Smak's method provides an immedi -
ate answer to the question whether an emission line influence exists. An
exact evaluation of the effect, howe&er, is not possible, since many Fel
and Fell lines exist in the range in which the B filter is transparent.
This 1s especlally true in the spectra of such advanced T Tauri stars as

RW Aur. Ideally, one wishes to determine the difference between the B-V



8
color of the continuum devoid of all emission lines, and the observed B-V
color. In thils paper an attempt will be made to compute the true continuum
color as well as the® -V color for one or two cases in order to determine

the extent to which Smak's method can provide for this difference.



II. Method of Investigation

The observations for this program consist of spectra widened
to 608 taken on 103a~E and 103a~F plates of the program stars T Tau
and W Aur together with those of standard late type dwarfs. lMiscel-
laneous observations of a few other T Tauri stars are also included.
These were‘arranged on the spectroscopic plate as indicated in Fig. 1.
At least one of the standard stars for each plate has had its spectrum
recorded through a step wedge consisting of an assortiment of neutral
density filters. Preliminary spectroscopic observations were taicen on
1963 Oct, 10 - 18 with the f/O.B nebular spectrograph atfached to the
36-inch telescope at the University of Arizona's Kitt Peak Cbserving
Stations Low dispersion (2508/mm) permitted the exposures to be taken
in periods of two or three hours‘for these V = 11-12 magnitude stars,
yet was not so low as to result in apprecisble blending of emission lines,
Supplementary observations consist of UBV photometric measurements made
with the 16-inch photometric telescope of the Kitt Peak National Observa-
tory and the 2l~inch telescope of the University of Arizona's Lunar and
Planetary Laboratory Catalina Observing Station. Both the spectroscopic
and photometric observations were made simultaneously where possible.

Tﬁe preliminary spectroscopic observations utilized a step wedge
composed of multiple stacks (up to five layers) of a neutral filter of
density 0430, A more nearly exact set of observations was obtained dur-

ing the period 1965 Jan, 1 - Feb, 19 with a step wedge consisting of

9
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single layers of filters of different density.. The alteration in the
step wedge was necessary because of the defocussing effect produced by
the passage of light through a stack of filters as well as to the exces=-
sive transmission and reflection losses caused by stacking, Though the
defocussing effect is obvious when one carefully examines the plates,
the approximate magnitude of the effect is apparent only when one com-
pares the intensity of transmitted light, I, through a stack of filters
as observed by the Jarrell Ash microdensitometer, with the transmitted
intensity, I!', assuming no light loss. This has been done in the visible
region and the results are summarized in Table 1, where the ratio I/I!

is listed for & stack of n filters with Odmn«<5,

Table 1 Intensity Losses in Filter Stack

Number of Filters /1t
0 | ’ 1.000
1 ‘ 1.000 -
2 0.955
3 0.871
L 0,794
5 0.675

One must either take this correction into account or, as has
been done in the observations of 196L July 26 -~ 28 and 1965 Jan. 1 -
Feb, 19, employ single thickness. The densities of Wratten neutral

filters used in the step wedge for the 1964-5 observations are quoted

in Table 2,
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Table 2. Densities of Filters in Step Wedge

.000
+300
.600
1.000
1.200

1.600

When difficulties were encountered in the initial reductions,
the author was motivated to test the neutrality of all filters and combina-
tions of filters employed in the observations. The density vs wavelengﬁh
tabulations exhibited in Table Al have been‘determined with the densitometer
of the Kitt.Peak Observatory. Such tabulations necessitate the introduction
of a correction factor, quite appreciable in the violet region, into the
program. Departures from quoted densities of up to 30% in the region
around H and K are not uncammon. The table lists the quoted Wratten density
and the corresponding transmission at the top of‘each column, Where mul-
tiple lgyers of a given filter have been employed, the transmissivity has
been determined by placing multiple layers of the sample in the densitometer.
Thus a triple layer of density 0.3 filter (d = 3 x 0.3) is found to vary
in density in a manner different from that of a single layer of d = 0.9
filter., The density of the former cannot be determined by successively
compounding the contributions of three separate filters of density 0,3 for
reasons mentioned in the last paragraph. The author has also noted periodic
fluctuations resembling interference patterns in the transmission of some

samples, amounting to approximately 1% in amplitude and 508 in wavelength.
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Ten or a dozen such ﬁatterns were found on at least six tracings of
different filters. Ividently the microscopic structure of these filters
is producing an interference patiern. Fortunately the size of this dis-
turbance is small enough relative to other incongruities which will be
mentioned shortly, so that no correction for it is warranted.

Trailing of the image for the purpose of widening the spectra is
simpler in the hour angle coordinate. Since the objects were observed
as near to ﬁhe zenith as possible, atmospheric refraction of the image
takes place in a direction nearly normal to the slit. This necessitates
widening the slit appreciably in order to eliminate light losses from the
red and violet portions of the spectra. Thus it is not enough to widen
the slit to include the entire visible seeing disk. A slit width of ten
times that necessary to contain the normal image under good seeing condi-
tions was employed in order to eliminate this source of error. In the
£/5 36-inch telescope a slit width of 0.33mm is sufficient to subtend a
15" image. Since the focal ratio of the camera in the nebular spectro-
graph is 0,8 the width of an iron comparison line will be approximately
62 on the plate, instrumental broadening neglected.

A standard method with some new variations has been employed 1o
obtain relative inﬁensity as a function of wavelength from the tracings
of the spectra. Tracings were taken with the Jarrell Ash microdensitometer
and Bristol recorder of Colgate Uriiversity both along the direction of
dispersion and, in the case of the stars taken through the step wedge,
normal to the direction of dispersion. The stellar continua were sketched
in upon each tracing and values of C ( A), recorder chart readings for

the continua as a function of wavelength, were tabulated at 2008 intervals
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in the range 3600 - 68008, The detailed nature of the variable star
microdensitometer tracings will be discussed at a later time. The tracings
of the blue region for all variable star spectra are exhibited in Fig's.

6 and T. |

Chart readings (which are on a logarithmic scalg) may be converted
info intensity readings in the following manner: Let the difference be-
tween the chart readings for 100% transmission and for no transmission be
defined as A = x-y, where x is the chart reading corresponding to trans-
mission through an infinitely dense neutral filter and y is that which
corresponds to transmission through one of zero density; then one may set
up a scale of recorder readings, C, corresponding to plate densitles, 4,
according to the expressioﬁ

A

C= antilog d Yy

Fig. 2 illustrates the C vs d curve for all plates. A single'curve has
been made possible for all plates by letting C = O for zer6 trénsmission
and C = 94 for full transmission on each plate.

In order to obtgin the change of relative intenslity with apparent
density on the photographic plate, one must have some knowledge of the
characteristic curve of the plate, Thié data is obtalnable from the
microdensitometer tracings of the stellar spectrum normal to the direction
of dispersion taken through the step wedge. The steps in density of
successive spectra on the plate are given directly by the readings, C,
converted to densities through use of Fig. 2. The actual diminution in

log I between succeésively falnter spectra is known from the quantities
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listed in the Appendix in Table Al. Ideally there is found to e#ist an
infinity of d=f (logI) relationships. In the reﬂuction_program, char-
acteristic curves have been determined at SOOX.intervals in the range
35008 < A< 65008, These are shown in Fig'se 3; Values of logl on inter-
mediate characteristic curves have been obtained by interpolation; thus,
each continuum chart reading is readily converted to a logl reading
through Fig. 2 and cne of the appropriate Figis. 3. The familiar sys-
 tematic increase of slope with wavelength is apparent in each of these
plots,.

It is well known that if marked changes are made in intensity
and time, e.g. one-~tenth or one-hundredth of the intensity acting for ten
or a hundred times as 1ong,'the density produced may be markedly differ-
ent even though the product of intensity and time remains constante TFor
the density produced on pheotographic materials, therefore, there is a
failure in the true reciprocity of time and intensity. The reciprocity
failure of o material can simply be determined by exposing various por-
tions of a strip of material to a constant intensity with exposure time
increased by the same ratio. Fepeating the experiment using only halfl
the intensity but twice the exposure of the corresponding one in the
previous experiment, one finds Tittle change in the densities of corre-
sponding steps. But by ziving the strip 1/10, 1/100, 1/1000 etc.,of the
intensity a progressively larger change in the density of a particular
step is noted, although the exposure of any step, measured as I x t,
remains constant, Before conducting a series of such experiments, which

can become quite complicated, one should determine whether tlhiey are even
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necessary. oince the ratio of the longest to the shortest exnosure
times used in the program is only 18 it might be predicted that the
error incurred by not correcting for the reciprocity failure would be
insignificant, As the results displayed in the derived and actual stand-
ard star conbtinua (Chapter V) will attest, such a set of experiments is
indeed not necessary. Without the inclusion of a correction for this
effect in the program, true standard star continua are predictable with
great accuracy. Other effects in photographic materials (e.g. low
intensity failure and intermittency effect) produce errors of tco small
a magnitude to be discussed rclative to such major problems as'strip
chart readablility errors end variation in ihe shape of the character-
istic curve with wavelength;

It is importvant to know the magnitude of the error resulting in
the determination of logl from readability errors, &4 C, As one ap-
proaches the fog level of the plate, random nolse is more readily de-
tectable; however, in this region of chart readings the corresponding
density varies very slowly. An approximate determination of the size
of the errors A logl is revealed in the data of Table 3. The table
exhibits for Steward Observatory Plate No. 28, values of the average
readability error as a function of chart reading, the resulting errors

A d obtained from Fig. 2, and A logl obtained from a pair of extreme
characteristic curves fitted to the step wedge data at A = 4500. These
errors seem to imply that one should stay away from the top portions
of the S-~shaped characteristic curves. Albthough erxrors A C are.small
here, fhe steepest portion of the f (C,d) curve is utilized. A large

error o8 d, is the result. This problem is easily remedied by refraining
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from overexposing arny spsctrum. But underexposure is also a serious
problem since the values of lezgl for portions of the spectrum néar
the fog level of the plate are subjected to large errors aé a direct
consequence of large errors AC. Along the so;called unity=-garma, or
straight portion of the characteristic curve, a compromise is reached
whereby the errors, Alogl, are minimized. Quality control is of vital

importance in the program and has been exercised to the utmost.

Table 3 Effects of Readability Erfor Upon the Continuum

(Plate No. 28)

c A Hd alogT
05,0 00.1 .010 .008
10.0 00,2 .006 006
20.0 0N, 3 .006 .006
30.0 00.4 .005 .007
L0.0 00.5 .005 Roeld
50.0 00.7 .006 .009
60.C 00.7 .006 .01.0
70.0 0L.1 .006 .013
80.0 Cl.5 .009 .030

In the variable star spectra, however, one encounters the prcblem of
having to slightly overexnose the blue continuum region and assoclated
emission lines to record the visible region of the spectbrum aroﬁnd A5200
wherein F plates are least sensitive. Tris problem cannot be remedied
by choosing plates of more unifoim sensitivity since a wavelength base
is necessary which covers the region from 1 and K to Hol; 2 phbtographic

plate has yet to be devised which is of more uniform sensitivity over

so long a range of wavelength than is the F plate.
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A1l correction factors considered thus far are of secondary
importance when compared to those which we now consider. Let I ()
represent the true monochromatic intensity emittedAby a star and IO (n)
that observed on the photographic plate. These quantities are related
by the expression

ICx)=alx Jx( A )s( )T ()
where
a{ A )=the correction factor for the interstellar medium
(the inverse transmission coefficient of the inter-
stellar medium).
k( A )=the correction factor for the terrestrial atmosphere
(the inverse transmission coefficient of the terres-
trial atmosphers).
s( X )=the instrumental correction factor
(the inverse transmission coefficient of plate and
optics)e
Each of these corrections must be applied to the readings IO('X) obtained
with the microdensitometer in order to obtain the quantities I( X ). Such
computations are straightforward but lengthy. Employing logarithmic nota-
tion, however, has greatly reduced the‘thne réquired to complete a plate.

Since calibration spectra were taken by observing the light of a
standard star, rather than that of a tungsten lamp, the functions s(\)
and k ( A) are not sepérately obtainable, but must be treated as a product
which can be broken up into two other factors: a) the transmission
coefficient of the instruments and n air masses, where n is a function of

the zenith distance of the calibration star at the middle of the exposure
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and b) the transmission coefficient of the number of differential air
masses between calibration and program star. This correction can, of
course, exceed 100%. From this point on, the following symbols will be
wused with regard to the correction factors: k'(A) will be defined as
the correction mentioned in b) above and s'(A) that mentioned in a); thus
s(Nx(R) = s'(Q)x'(A).

A. The differential extinction correction k'(RA)

This correction plays a relativeiy minor role in altering the
appearance of the function Io()). Meinel (1963) has determined the extinc-
tion in magnitudes as a function of wavelength in the region 3600<k<6h00
for the atmosphere above Kitt Peak during 1960 March - June (Table A2).

His extinction curve may be coﬁverted into a conveniently useful table
(Table A3) giving log k'()\) at 2008 intervals for 15 equally spaced values
of Asecz , the algebraic difference between the air mass of standard
(step wedge) and program star, between 0.1 and 1.5. These terms must be
added to the values of loqu(k) of a given program star for the case in
which the program star air mass exceeds the standard star air mass and‘
subtracted when the situation is reversed.

B. The Instrumental Correction Factor s'(A)

VWhexe one has usually employed a btungsten lamp a&s a source of
determining this correction factor, the author has chosen to employ one
or more of Code's (1960) standard stars whose continua are known. The
principal reasons for this choice are that a) one encounters greax @iffi-
culty determining the temperature and temperature variation of a bullt-in

light source and b) practically all of the atmospheric extinction problem
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is eliminated by using a "standard" source outside the atmosphere. The
following of Code's (1960) standard stars (Table 4) have been utilized in

the program for the purpose of calibrating s'(A):

Table 4. Code's Standard Stars Used for Plate Calibration

Name o S Y. BV Sp.
% 3or1 Ok:h7.1  +06:53 3.16  +0.k6  Féy
L Aur* 0Lk:55.9 | +37:49 5.0 AOV
Y Gem¥* 06:34.8 +16:27 1.95 AOIV
Q Gem 07:25.9 +31:53 L.16 +0.31 Fov
nuMa 13:45.6 +49:34 1.91 -0.23 33v
ol CrB¥* 15:33.1 . +26.53 2.3 A0V
ol Lyr 18:35.6 +38:45 0.03 0.00 AOV
16 Cyg A 19:40.5 +50:2k4 5.96 +0.64 cav -
$ Cyg 19:43.4 +45:00 3.00 , B9.5III

*Not a Code standard.
Use of the continuum of o Lyr as given by Code for other AOIV-V stars
results in no appreciable error in B-V for the remaining stars on the
plate.

True monochromatic magnitudes m(1/A) are defined‘by Code in wave

mn{l/A) = -2.5 log %%%%—)

where F(L1/A) is the area under the I wvs %;curve in a pass band centered at

wavelength A, and F(L1.80) is that centered at 1.8o,£1. The width of the

number notation:

latter pass band is given as 108, Code has chosen pass band centers which

are least affected by line absorption. Since the spectrograph



37

integrates light over equal wavelength and not wave number intervals,
one is required to convert Code's monochiromatic magnitudes, which are
quoted in Table 5, into a more useful form. Since wave number intervals

are relabted to wavelength intervals by

av =%
A
oy A 2 2
dv  (1.70) _ ax (1.7¢) _ A Q -1\2 A
we have 5 = 2 X gy = 104 (l.BQﬂ ) T

av_(1.20) _,

nut si
Zuv since e sy

the passband widoh abt wavelengbhhin units of
=1 . . .
that at 1.20p may be found b tie nelationship

TR 3
dh = gy 1.0; (L)
(M)

Table ©

Moncchronmatic Namitudes m(l/l)

Nare  Sp/MR) 3650 3860 LOMO L2150  L5e0 5060 5810 6050 6570

'q UMa B3V +0,05 =0.29 =0.37 =-0.33 -0,20 =.,12 +,08 +.21 +,29

Cscyg 5905111 "'0086 —Oalh —()019 -0-16 —0012 —.Oé +.06 +.1LL + e 21.5,

 dllyr AOV +1,0L, =0.07 =0.19 =018 <=0.1L =.06 +.06 +.,12 +,22
p Gem FOV +1.26 +0.54 +0.36 +0.28 40,1 +.,09 +.03 +.03 +,0L
x0ri TOV - +1.22 +0,79 40,50 40,012 40,22 +,11 =.03 -,02 -,07

O

16CyghA G245V +1.52 +1,L0 +0.88 40,76 *0.39 +,19 -.05 -.07 =.15
61Cygh TSV +3.13- +2.90  +2,03 +1.73 +0,73 +.,53 -.20 -.25 -.Lh
Code's monochromavic marnitudcs were converted to relative intensities

in passbands of equal wavélength, normalized to wunity at l.SQy_l for all
stars used in the program. Tre cholce of l.BOffl, which corresnonds to

55602, as the normalizaticn vpoint, is particularly unsatisfactory for the

spectra in this nrogram since & and I wlates are insensitive in this region.
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A new normalization point was chosen which iios in a much more trans-
parent region at A L500. This necessitates a renormalization of Code's
data. Thus, Table 6 gives the run'of log I(A )-LocI(L500%) with \ for
each of Code's stars which has been employed in the program. The instru-
mental sensitivity correction as a function of wavelength is given for
each plate by the logarithm of the ratio of intensity according to Code
to that determined from the plate. Fig. L4 illustrates the behavior of
this function for all plates considered. | ’

The instrumental correction is unique enough for each plate so
that any thought of employing a single correction s'(* ) for all plates
should be forgotten. Primarily this difference exists because standard
star spectra have been observed at different zenith distances; we might
expect a smaller spread in these correction curves if they were obtained
with a standard lamp located inside the spectrograph. This, as previously
méntioned, requires rather definite knowledge about the temperature of
the filament of that lamp and its dependence unon local conditions. On
the other hand Code's standard star continua are found to be of sufficient
accuracy to warrant their use in this program. Utilizing any one of Code's
standards in the step wedge, one is able to predict the color ofvany other
of his standards. This kind of test has been employed upon each plate
in this program and its results will be discussed later.

The relative sensitivity of the 103a;F spectroscopic plate as
given in the Kodak Reference Handbock is depicted by the dotted curve in
Fig. L; this curve has been raised above the others for ease in distinguishe

ing it from them. The spectrozraph and telescope optics appear to transmit



Table 6

Log Relative Intensity vs Wavelength for Standard Stars

W2) ollyr FJUMa & Cye 16Cygs  £1CygA @ Gem 7’(301':1.

3600 -.L10 057 —.LOL =.232 - 6Ll ~e292 =.223
3800 .067 .11l 072  -.250 -726 -.039 -.113
LOOO JA11 14L6 118 -.120 -.L21 009  -,009
14200 .072 .072 .070  =,054 -+259 013 -,001
LLOO .02l .022 022 -,018 -.065 ,006 .000
1500 .000 .000 .000 .000 .000 .000 .000
LOCO  =.025 =,025 -.022 Neabht <060 -.008 ~.,001
LBOC  -.071 =.086 -.06L .01l .059 -.033 -.01L
5000 -.121 —.1L9 -.116  .008 .48  —.08L -.035
5200  -,169 =.211 -.163 .002 .O7L  -.086 =.05L
SL00  =e210 =.257 -.203 .003 130 -.103 -.068
5600  w.2h9  =u31h =.247 .000 .191 ~-.122 -,082
5800  =.306 =.37h =.299 -.03L4 <217 -.170 -.107
6000  -.356 <~ LL6  -.355 -,0L43 208 -.201  -,138
6200 -.LO3  -.L95 =.LOL  =.05L 204 -e231 -,166
6LUO0  =.lLiS =535 =450 -.O71 .200  -.257 -.189
6600 -.L71  -.561  -.L83  -.08L 198  -.285  -.203

6800 =.L499 =.583 -.502 -,121  .188 o311  -.210
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almost neutrally over a large nortion of the wavelength region under
investigation; however, in the region shortward of X\ L0000, a great
rise in s'(A ) results because of loﬁ transmission of the optics. A
similar but less exaggerated deviation of s'(\ ) from the sensitivity
of the 103a-F plate occurs at the opposite end of the spectrum. This
observation agrees with other independent tests which have been madse

of the optics of the Steward Reflector.

Ce The Interstellar Reddening Correction

This term need not be taken into account in the computation‘
" of B~V color since such a correction is not included in the photometric
reductions with.which the spectroscepic observations are to be contrasted;
however, it is of primary importance in deducing the nature of the true
relative continuum to make some mention of interstellar reddeninge. The
values EB_V=O.30 for the mean reddening in T Tauri stars has been estimated
by Herbig (1952), Kholopov (1958), and Varsavsky (1960). There is no
reason to believe this does not vary cohsiderably from star to star.
Indeed the comma-shaped nebula around T Tauri may produce a large reddening
effect. Final disagreement between the shapes of T Tauri and dwarf G
star conbtinua can serve as a means of detemmining interstellar reddening.
One will nevertheless enéounter difficulty in the determination of the
space reddening of these objects since a) ultraviolet and blue emission
continua are known to be present in these stars; these lead to distortions
of the smooth underlying black body continuum; and b) it has not even been
determined whether the T Tauri continua should correspond tc those of MK

standards of the same spectiral class. Since these stars lie above the main
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sequence this is a valid objection. FHence, the attitude will be
taken that the reddening due t§ interstellar material is completely
unknown and is to be treated as output rather than input data in the

program.

D. Determination of B-V Color
If the intensities, I(A ), corrected for all other effects,
are éeparately multiplied by QB(x ) and Qv(x ), the spectral responses
of the B and V filters plus nhotometer, one will obtain two intensity
curves which depict the character of the radiation as the photometer
sees it when viewdng in each of the two pass bands. Let the following

intensity distributions thus be defined:

T 0) = Qp( A )T(n )

(%)

The ratio of areas under the curves is proportional to the B-V color.
The quantities QB(X ) and QV( N) were taken from Allen (1963); their
logarithnz are tabulated in Table AL. _

Determination of the area l?QB’V(X JI(A )dA = AB,V under a
glven curve waé accomplished ly using a polar planimeﬂer accurate to
0.5%. The B~V color is defined as (Allen (1963))

A
(B-V)_ = 2.5 log IE% £ 0.71 (3)
C

where the subscript, ¢, indicates that only continuocus emission has been
considered in the color determination., Values of (B--V)c are recorded on

each data sheet, the contenis of which will be explained shtortly.



Te Thé‘Effects of Line Emission

An entirely separate set of computations must be emploved
for the variable program stars in order to determine the color (B-V)C1
whiclt includss the emission lines. Tables 12 1list all emission lines
_which ha§e been cbserved in the T Tauri type spectra over the entire range
of plates., Those lines indentified by Joy {(1949) have been s0 indicated.
A detailed discussion of line emission is deferred to Chaptér IV, Under
censideration here is the determination of the additional flux supplied
by these lines. |

Each line profile, approximated as rectangular, has a peak of
true intensity and an associlated adjacent continuum intensity, both
whnich nay be determined by éxactly the same methcd used to find any of
the values IB’V()»). The flux contrituted by a given profile to the

B, V, or, indeed, both magnitudes is computed directly from its area

. I v ) = I y( X))

(L)
B,V AN

where
IB,V( A; ) is the true photometric intensity maximum in the
line profile,
IB,V( Ac ) is the true photometric intensity of the continuum
adjacent to the line,
AN is the measured line width at‘its base., Various slit widths
- Wwere employed and found not to affect the.line width on the plate.

An operational evaluation of the effect of line emission upon B-V color

-
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is accomplished by defining the new color (B-V)cl composed of both

continuous and line emission fluxes. In terms of the notation previously
employed this color can be expressed as
A+ A

(B-V) y = 2.5 log K_C_V___.ll’_ + 0.71 (5)

c3 + A1B

where AlB v is. the sum of the individual line contributions to the area
3

under the photometric intensity curve. Thus, one can speak of the color

difference ¢ = (B—V)cl - (B-V)c as an index of the emission line effect.



III. Presentation of Relevant Data

This chapter contains a brief dsscription of 4) the T Tauri
objects under investigation and 2) the organization of observations
rade upon those objects. The final section C) consists of tabulations

of the observational data,

A. T. Tauri Objects Studied

Observational limitatviort are placed upon this program which .
irmediately exclude all but a handful of T Yauri stars from the programe.
Owing to their relative brightness and line emission activity the stars
T Tau and RW Aur have been selected for examinatiqn.

T Tauri {( = KD L1619 = 80+19°706) has been known to vary in
brightness since its discovery in 1852 by Hind. The star is located
half a minute of arc from the fainlt nebulous patch known as Hind's
variable nebula (NGC 1555). In the course of a fewweeks 1 Tau has been
known to vary erratically between V = 9,0 and V = 12,8. Joy's (19L5)
classification of the absorpticn spectrum is dGSe but the overwhelming
presence of line emission makes the classification task difficult; estimates
have ranged from dG2e to da8e between the vears 1915 -~ 1947, Joy claims
the CaIl (H and K) emission lines app2ar "with an intensity unsﬁrpassed
by any star of the T Tauri group,'" but these lines appear still stronger
today in spectra of RW Aur (See Fig. 1). He found, contrary to what is
observed today, that the other metallic bright lines are not prominent

b5
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features of the spectrum. Adams and Peasels (1915) description of the
firsv slit spectrogram taken of this object reveals further differences.
Fifteen emission lines were useable for radial veloclty determinations
at that time. Less than a year later the emission spectrum was described
as very weak. Owing to the low dispersion used almost no significance
is attacled to the published radial velocity measurements of this object.
The strengthéhing of emission features appears to coincide with greatest
brilliancy.

RW Aurigae ( = HD 50130) was investigated by Ceraski (1906) who
discovered the variability of this object; the total range in visual
magnitude is 3.0 (V = 9.0 = 12,0). Zinner's light curve (1913) shows
that fluctuations of a full magnitude or more in a 2L-hour Span are
not uncommon. This observed fact has a very important bearing upon the
investigation at hand.

The object behaved in a less erratic manner when investigated by
Eneto (1907), fluctuating smoothly between the 9th and 10th visual magni-
tudes during the {irst two months of 1907. The classification dG5e has
been obbained from low dispefsioh spectra, but numerous bright lines,
notably H and K, reveal only a glimpse of the underlying wide absorption:
features. On higher dispersion spectra, réversals are exhibited in
the Call H and K, Hg , H¥ , HS, and He emlssion features; the red
comporient of the latter blends strongly with Call H. Again radial velocity
measurements leave much to be desired because of the lack of sharpness of
both eﬁission and absorption features, Sufficient numbers of spectra have

not been acquired so that one can compare the strength of metallic emission



lines with the visual brightness of the star. Obscured areas are
f&ﬁnd nearty but not in the immadiate vicinity of BW Aur,.

Cther T Tauri objects included in this study are ASVZOS, A5 209,
and DI Cep. The first two of thece are located in the Ophiuchus dark
cloud, the latter in still a different region of the lMilky Way. Only a
handful of spectra of each has been secured. DI Cep is known (Joy

(19)5)) to fluctuate between V = 11.9 and V = 13.5 and is designated

s a di3e star. Strony o and ¥ nlus Balrer 3eries emission in addition

o

to presence of the brightest T Tauri lines constitute all that is peculiar
atout the spectrum of this star. AS 205 anc A4S 209 have almostvno
history. Both classificalion tyre and V magnitude range are unknown.
Their spectra exhibit faint'ﬁ and X nlus ltydrogen emission. Owing to the
short access time of these stars in northern latitudes, an extensive

set of observations of them is hard to come by. Single observations of
these objects were obltained for Wwo reasons:

1) To‘determine roughly the magnitude of the line cmission
effect as well as whether and by how much that effect
differs from what is found for the winter sky objectg;

2) To launch a much wider investigation of T Tauri variables
among differsnt associations. This investigation will
utilize the methods of reduction outlined in this paper
to explcre variations in the properties of known

T Tauri variables in the Bootes, Cepheus, Ophiuchus,

and Taurus reginns of thelﬂilky Way.
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Table 7 contains a list of all objects, other than T Tauri
variables and calibration stars, which have been investigated in this
ﬁrogram. These are the so-cslled "test objects.," At least one of‘
these has been utilized rer plate and the B-V color computed from its
spectrum, 3uch colors are then compared with the measured photometric
color. Agreemehﬁ between the two signifiés that the various correction
factors computed for the plate can be applied to the program star with
some certainty. Where possible, stars have been used whose detailed
continuum structure is given in Code's Table., Comparison of derived

and computed continua provides a more stringent test of the method.

Table 7 Non-Variable Program Stars

Name A= S 4 y BV Sp
13974 02: 1.2 +3L:03 .87 +0,61 GOV
X Cet 03:17.5 +03: 1L L.02 +0.68 GSV
€ Eri 03:31.3 -09:35 3.73 +0.89 Kav
7ori 0L:Li7.9 +06:55  3.19 +0.L5  FOV
@ Gem 07:26.9 +31:52 Le16 +0,32 oV
8 Com 13:09.5 +28: 08 L.28 +0,57 Gov

M Her A 17:4h.5 +27:145 3.42 +0.75 G5IV
16 Cyz A 19:1:0.5 +50: 2l 5.9 +0, 6l G2V
7 Cep 20:Lk43 +61:39 3.43 +0,92 KOOIV

61 Cyg A 21:0L.7  +38:30 5.19 +1.19 K5V



Explanation of Tablesv
1. Table 8. Step Wedze Calibration (Cne table per plate)

The Wratten gelatin filter density as quoted from the
Eastman Kodak Co. is written horizontally vs the wavelength,
in hundreds of angstroms, at whicn cross-dispersion tracings
were made, <he Tigures comprising the table are the correspond-
ing observed densities, ¢, on the plate. Since the true filter
censity is wavelength dependeht, one must consult Table Al in
order to obtain the True steps in logl and thus plot curves
of d vs logl which will convert observed opacities into
logarithms of relative intensity.

At tle top,aré given the Steward Observatory plate
number, (Kitt Peak Station record), emulsion type,.and obscrva-
tion date.

2. Table 9. Continuum Analysis (One table per star)

At the top are given the Steward OLscrvatory nlate mumter,
type of emulsion, date of observabion, name of object, 196k
equatorial system coordinates of the object, air mass at
which the object was observed, differential air mass between
program and calibration star, MK spectral classification,
observed B-V color aceording to Johnson and Harris (1954),
Johnson (1955), or Johnson (unpublished), and computed B-V

color.



At'least one star per nmlate {labeled calibration star)
is a Code standard whose convirmum is known., For the
calibration objects the columns in the continuum analysis
table have the followinz meaning and origin:

Column 1 ( (R)xloz): The wavelength in mindreds of
angstroms at which the continuum was studied.

Colum 2 (C): The corresronding Bristol Recorder Chart
reading (scale 0U-9L4).

Colurn 3 (d): The apparent density corresponding to the
reading in the previous column and determined ffom Tiz. 2.

The nurvers in this and the remaining columns are in thousands
of relative logaribhmic units,

Colwn L ( logI): The logarithm of relative intensity
cq?responding to the reading in the vrevious column and determined
from the characteristic curve of the plate (Pig. 3).

,Column 5 (logT{(V.T.)): If the calibration star srectrum
employed for the purposes of determining plate sensitivity is
not the one of hishest apparent density in the step wedge (l.e.
a2 spectrum which has been talier through a "neutral' filter)
the values in the previous column must be corrécted for the
effects of variable transmission (V.T.) by the "neutral" filter.
This is easily done by utilizing the quantities in Tavle Al,

If this correcticn is not required the components of column U

are repeated in colwmn 5.
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Column 6 (lozi(iiCii)): The quantity in column 5,
normalized to loyI = .COO at A LS00,

Column 7 (logS'): The instrumental sensitivity correction
obtained at a given wavelengbh by subtracting from the logarithm
of true normalized intensity (Table 6), the corresponding
observed quantity in column 6.

For all other stars on a plate the columns in the continuum analysis
table have the following meaning and origins

Colunns 1, 2, 3, and L: ZIxactly the same meaning as the
columns so numbered for the calibration star. All logarithmic
units have been multiplied by 1000.

Column 5 (logI (EXT.)): The quantity in column L corrected
for _the effects of differential atmospheric extinction between
the ¢ilven program ctar, whose continuum is to be determined,
and the calibration star for the plate in question, whosc spectrum
has been usced to obtain the instrumental sensitivity correction.
The figures in Table 43 corresponding to the appropriate A secZ
arc added to or subtracted from those in column L.

Colunn & (logI (EXT.NORHM)): The quantity in column 5
normalized to logIl = .000 at A L5CO.

Colurm 7 (logI (TisT)): The quantity in column 6
corracted for the effects instrument and plate sensitivity
obtained by direct addition of that column with column 7 in the

calibration star table,




Column 8 {logI (E THIM)): The quantity in column 7
plus the correspending quantiﬁy in the 1ogQB column of
Table Ali. Thus the relative intensity is converted into
that which 1s observed through the B filterland photoreter,

Column 9 (logI (V FTHOY)): The quentity in column 7
plus the corresponding quantity in the 1ogQv coiﬁmn of
Table 4L, Thus the rslative inteousity is converted into
that which is observed through the V filter.

Colurn 10 (I (B PHTY¥)): The antilogarithm of the
quaﬁtity in column 8, or the intensity as viewed with the
B filter and vhctometer.

Column 11 (I (V PHTM)): The antilogarithm of the
quantity in column 9, or the intensity as viewed with the
V filter and photometer.

3« Table 10, Line Analysis (One table per emission star)

he nature of the data at the top of the table has

already bsen discussed. The vertical columns have the follow-

ing meaning and origin:
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Colurmi 1 (A 8): The observed wavelength of the center
of the emission line whose contriltution to the continuum flux
is to be determined. _

Column 2 (C1'7: The Bristol Recorder reading (scale 0-9l)
of the peak of intensity of the line,

Column 3 (Cc): The Bristol Recorder reading (scale 0-9L)
of the continuum adjacent to the line,

Column L (d1 J:  The observed density of the peak of
emission determined from the quantity in column 2 using Fig. 2.

Colwan S (dC):. The obszrved density of the adjacent
continuum determined from the quantity in column 3 using Fig. 2.

Colurn 6 (logfl): The logarithm of relative intensity
corresponding to the reading in column L and determined from
the characteristic curves of the plate (Fig. 3).

Column 7 (logIl,): The logaritim of relative intensity
corresponding to the reading in column 5 and determined from
the characteristic curves of the plate (Fig. 3)e

Column 8 (A logI): The difference column 6 minus column 7.

Column 9 (1031CZE + A logIl): The sum of the logaritkm of
relative continuwm intersity in the B filter pass band and the
guantity in column €. The former quantity is read, at the wave-
length of the line under consideration,-iiom a plot of logl
(B PHTM) vs A for the eﬁission star (See Continuum Analysis Table,

colurmn 8),
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- Column 10 (LogICV + AlogI): The sum of the logarithn

of relative continuum intensity in the V filter pass band

and the quantity in column 8. The former quantity is read, at
the wavelength of the line under consideration, from a plot
of logI (V PHIM) vs \ for tho emission star (See Continuum
Analysis Table, colwmn $).

Colum 11 (IIB —ICB): The difference in intensity between
line and continuum as viewed in the B filter pass band, obtained
Ey subtfacting from the antilogarithm of the quantity in column
9, the corresponding continuum intensity as viewed in the B
filter pass tand.

Column 12 (Ilv 'Icv>: The differcnce in intensity between
line and ccntinuum as viewed in the V filter pass band, obtained
by subiracting from the antilogarithm of the quantity in column
10, the corresponding continuum intensity as viewed in the V
filter pass band. |

Colum 13 (Widih 2): The width in angstroms of the
(nearly) rectangular line profile as measured directly from the
microdensitometer tracing.

Colum 1k (AB): The area contributed by the line to the
IB VS X plot, obtained by taking the product of columns 11 and 13.
This quantity has the dimensions angstroms x relative intensity

units,
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" Column 15 (Av): The area contributed by the line to
the IV vs A plot, obtained by bteking the product of columns
12 and 13. This quantity has the dimensions angstroms x
relative intensity units. |
L. Table 11. Data Summary Sheet for T Tauri Object (One
table ner emission star).

The quantities displayed in this table have the following

meaning and origin:

1. (Plate No.): oOteward Observatory Plate Number.

2. (Object): MName of emission star observed.

3. (ACV): The area (angstroms x relative intensity units)
under thelintcnsity vs wavelength curve of the continuum
as viewed with the V filter plus photometer. The
derivation of this quantity has been discussed.

L. (ACB): The area (angstroms x relative intensity units)
under the intensity vs wavelength curve of the continuum
as viewed with the B filter plus photometer. The deriva-
tion of this cquantity has been discussed.

5. (Alv): The toval area contributed by all lines to the
intensity, wavelength plot in the V pass band; the sum
of all components of column 15 of the line analysis
ta;l)le.

6o (No. of lines contributing to V): The total number of

lines and blends of lines which have been added to obtain

. the quantity, 5.
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10.

11,

12,

13.

56
(AlB): ‘he votal area centributed by all lines
te the intensity, wavelength plot in the B pass band;
the sum of all componecnts of column 1 of the line
analysis tavle.
(No. of lines contributing to B):. The -total number
of lines and vlends of lines which have been added
to obtain. thz quantity 7.
(ACV/ACB): The ratio of quentities 3 and L of this
table. This is also tabilated at the bottom of each
emlssion star continuum analysis table and is used
to compute the continuum color.
((B.V)C):' The continuum color of the object, also
reproduced on each emission star conbtinuum analysis
table.
((ACV + Alv)/(ACB + AlB)): The ratio of the sum of
quantities 3 and S to that of quantities L and 7 of
this table, to be uscd in computing the color of the
cbject when the presence of emlcsion lines is considered.
((B-Vcl)): ‘he color of the object derived from both
continuum and line flux contributions, computed from
guantity 11 of this.table by the expression defined
in the text (equation (5)).
O y/Ag): The ratio of quantities 5 and 3 of this
table; the line to continuous emission ratio in the
V pass band. This is an approximate index of line

contribution to measured fluxes in the V pass band.



(Aln/A o)t “he ratio of quantities 7 and L of this
table; ths line to coniinious emission ratio in the
B pass banc, This ig an approximate index of line

contribution tc measuresd fluxes in the B pass band.
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Table €.

Step Wedge Calibration

Plate No: 23

Emulsion: 103a-Z

Dates 19€3 Cct. 13

Wreatten
De?31ty Lx0.3 [3x0.3 | 2x0.3 | 0.3 0.0
AR)x10 |

35 - 061 136 366 837
Lo .193 .b21 L68 | 1.560 | 2.0L6
L5 .227 | Jions €65 | 1.4k7 1.8é0
50 - 17 287 51k &7l
55 - .070 100 362 | 632
60 - 202 225 | 506 | .836
65 - 166 332 81 |1.008




Table §

Step Wedge Calibration

Plate No: 25

BEmulsion:; 103a-F

Date: 1963 Oct. 14

Wreatten
Density) ;0.3 | 3v0.3! 2x0.31 0.3 | 0.
A&)x10

35 - .C50 .160 508 | 1.052
L0 110 305 727 |1.320 | 1.930
L5 .175 163 .900 |1.510 | 1.930
50 .070 130 2350 .738 [ 1.320
55 - .108 .200 { .530 |1.030
60 - -058 '202 -b78 '915
65 - - - - _




Table &

Step Wedge Celibration

Plate No: 26 Bmulsion: 393a-p - Date: 1963 Cct.
Wretten
Densityl ) 6.3 13x6.3 | 2x0.3] 0.3 0.0
A(&)x10
35 - - 097 3Lt G52
Lo 132 342 751 ] 1.2201 1.750
L5 .221 500 1 ..938 | 1.h21] 1.960
ple LU59 .190 Lot | .838 | 1.438
55 - 106 .318 ] .701 | 1.280
60 - .088 284 | 606 | 1.158
65




Table ¢ Step Wedge Celibration

Plate No: 28 Emulsion: 103a-7 Date: 1903 Cct. 17

Wratten

Densityl, 5.3 | 3x0.2(2:0.3 1 0.3 | 0.0

>\(X)x10

35 - .022 066 | L2588 526

Lo b7 |95 | w00 | .513 | 1.450

L5 112 260 U7 | 1,050 1.850

50 - of2 | Lo19 | Lsag | Leco

55 - oLS W133 .3L9 . 700

60 - 052 | L0905 | 313|612

65




Teble & = Step Wedge Calibration

Plate No: 199 . Emulsion: 103a-F Dates 195L June 17
Wratten '
Densityi oo 6.3 {lxc.3 | 2x0.3 | 2x0.3| 0.3 0.0
AR)z0
35 - 058 | w250 | 651 1.322 |1.€20
Lo 156 £57 11,378 | 2.9401 2.500 |2.670
L5 322 L0 ] 1,275 | 2,068 2.070 | 2.670
50 .100 3Ll {07 | 1.350| 2.020 |2.068
55 101 L2802 AE6 | 1,162 1.960 | 2,127
60 ,0L6 .25 13| 1.080| 1.762 | 2.068
65 - 112 LL1L e32 L1.560 1.F80

[




Table & Step Wedge Calibration

Plate No: 200 | Emulsion: 103a-F Date: 1964 June 18
Wratten '
Density| v 5.5 | 4xc.3 | 2x0.21 2%0.3 | 0.3 0.0
A®)x10
35 . - 073 .256 ACO (1.232 | 1.LL3
%) .196 689 | 1.3301 1.00C [1.9F0 | 1.9€0
L5 .327 869 | 1.500| 1.£80 [1.900 | 1.580
50 .193 302 .913 | 1.45€ {1.780 | 1.882
55 - .378 LTE0 {1432 [1.660 | 1.760
60 - .36k .710 | 1.290 [1.660 | 1.74L0

N
w




Table 8

Step Wedgze Calibration

Plate MNo: 207

Emulsion: 103a-7

Date:; 1964 July 26

Wratten
Density
1.5 1.2 1.0 0.6 0.3 0.0
AR)x10

35 112 218 | L5100 | 1.120 11,6450 | 2.020
40 135 L08 | 1.3201 1,980 §2.170 | 2.206
L5 502 .935 | 1.548 ] 2.020 |2.206 | 2,206
50 182 .500 .900 | 1.505 [2.020 | 2.170
55 .106 310 5301 1,285 (1.2L40 | 2.1L3
60 .oh2 260 B0 | 1,006 11.500 | 1.990
65 .015 11 285 2790 [1.250 | 1.750
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Table C

Step Wedge Calibration

Plate Fo: 207

Emulsion: 103a=F

Date: 196 guly 27

Wratten ‘
Density| - o 112 1.0 0.6 | 0.3 0.G
AR)x10
35 018 [ ,130 326 | .750 912 [1.765
Lo 063 | 622 | 1.060 | 1.568 | 1.660 |2.100
L5 326 | 729 | 1.152 [1.849 | 1.720 {2.130
50 079 | .20 | .5ho |1.006 | 1.126 |2.220
55 - - 166 366 | 790 | 2.100
60
65
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Table 8 Step Wedge Calibration
Plate No: 209 Emulsion: 103a-7 Date: 196l July 27
Wratten
Densityl 16 11,2 | 1.6 | 0.6 | 0.3 | 0.0
|
A&R)x10 |
3> - 011 L1938 AT771 14283 | 1.€50
Lo .228 | 5L B67 | 1.6A0] 2,301 | 2.700
L5 2830 o3 | 1,090 | 1.7601 2.220 | 3,000
50 122 ) 073 523 1 1,1831 1,740 | 2.097
55 100 | L211 .360 .900 | 1.50 | 1.7¢0
0 OW6 | k2 | o262 L7270 1.163 | 1.508




Table 8§ Step Wedge Calibration

Plate Mo: 210

Emulsion; 103a-I

Date: 196L guly 28

Wratten
Density, 4 ¢ 1.2 0 1.0 | 0.5 0.3 0.0
AR)x10
35 015 | 028 | .070 .338 .703 | 1.2L2
Lo 112 | L3091 .36 | 1.237 1 1.8L0 | 2.000
Ls .115 Lob 723 1.288 | 1.760 | 1.980
50 - 108 | .260 BL3 | 1.160 | 1.580
55 - 070 195 530 | 1,080 | 1,445
60 - - .070 .330 702 1 1,120
65 - - oh3 | .272 623 1 1.018




Teble & Step Wedge Calibration

Plate No: 232 Emulsion: 103a-T Date: 1965 Jan. 1
Wratten ' _
Density| 4 ¢ 1.2 1.0 0.6 | 0.3 0.0
A &)zxz0 -t
1o | 052 | 169 | k29 | 0 .819] 1.313 | 1.762
L5 kL2 <337 635 1.0501 1.500 | 1.8L0
50 L0731 .139 | .283 Sh7l 10017 | 1.373
60 019! .071 | .200 Jeel Lee2 | 1.292
i

™
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Table &

Step Wedge Calibration

Plate Mo: 235

Emuwlsion: 103a-~-7

Date: 1965 Jan. 27

Wratten

Density| 1 ¢ | 1.2 1.0 | 0.5 0.3 0.0

AE):x10

35 - 198 | Lias 280| 1.338 | 1.740
Lo .20 Sho | L9700 | 1.LM2) 1.985 | 2.070
L5 531 L871 |1.322 1.739] 2.020 | 2.200
50 233 | 560 | .£91 | 1.3L1) 1.7h0| 1.985
55 191 | WL | .e21 | o1.238] 1.6L010 1.9L0
60 - 378 1 .72 ] 1.200f 1.52C| 1.8L40
65 - .227 | .sho .931 1.h2¢c!| 1.7L40




Table §

Step Wedge Celibration

Plate llo: 237

Emulsion: 103a-7

Date: 1965 Jan, 28

Wratten
Densityl 1 ¢ 1.2 | 1.0 0.6 | 0.3 0.0
AR)x10
35 - L0061 313 Lot 1.202 | 1.6L0
Lo - .191 738 | 1.2851 1.820 | 2.270
L5 .198 .367 o7h | 1.5h0l 1,985 | 2.500
50 - 118 L9 920! 1.485 | 1.7%0
55 - G217 .392 865 1.3200 1.740
60 - 081 378 .£221 1.293| 1.420
65 - .0L7 2621 .620] 1.062 | 1.368
| L




Teble & Step Wedge Calibration

Plate No: 210 Bmulsion: 103a-T Date: 1965 Jan., 29
Wratten '
Density} 4 4 1.2 1.0 0.5 0.3 0.0
AR)x10
35 - - Lil2 .300 L6l 1,639
4o - - 187 L6 | 1,162 | 1,960
L5 - 037 | L296 680 | 1.293 | 2.000
50

- - .109 327 .£10 | 1.520

55 - - 086 .276 .739 | 1.368

60 - - 079 256 .680 | 1.320

65 - - 012 .202 585 | 1.242
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Teble &  Step Wedge Calibration

Plate Mo: 242 Emulsion: 103a-~7 Date: 1965 reb. 19
Wratten
Density| q ¢ 1.2 | 1.0 0.6 0.3 | 0.0
A E)x10
35 - 022 .190 1| o.ee3 | 1.325
L0 126 | .270 722 951 | 1.4L2 | 1,740
L5 203 | .368 £02 | 1,095 {1.h43 | 1.740
50 002 | .126 .371 598 [1.023 | 1.390
55 - - .266 567 1 .00 | 1.321
60 - 051 | .268 | .516 | .€eo | 1.277
65 - - LY G366 | L7L8 1 1.152




Table 9 Continuvum Ahalysis

Plate MNo: 23 Emulsion: 103a-E BDate: 1963 Oct. 13 MK Sp: AQLV
Object: ¥ Gen a:  06:35.7 sec z: 1079 | B-V: 0,00
J: +16:206 Asac 7 l
MA) x 10°] ¢ d | log1I ('f5';[ :(mgj %;’35\ /loii[ /101% ) { IIB / \f\
SO (o) VY ) \I—L&.i'I‘Z-'I) Lzmz.ﬁ) \Di]
36 69.5 | 130 |-1900 -1080 | 670 | .
38 27.2 | 5368 1-1090 - 270 203
40 12,0 | 900 1~ 792 l_oesl o83} 4 1
Lo 10.6 | 950 |- 758 062 | 010
by 12,5 | €63 |- 806 ol | 010 |
bs 1 313.1 | 865 |- 820 000 ] 000
46 16,1 | 760 |- 881 - 061 | 036 |
18 30.7 ) hg2 |-1154 - 331 ] 260
50 61.9 182  {-16L8 - 828 707
92 734 106 -
5l 75.0 | 100  {-1860: -1060 | 850
56 73.9 | 102 |-1780: -960 1 711
58 72.3 | 112 |-1703 - 83| 557
60 70.0 | 123 |-1652 - 832 | k76
62 61,9 | 182 |-1512 - 692 | 289
6l 58.0 | 210 |-1Lé6 - 66 | 201
66 85,3 | olo -
68 -

€



Table 9 Continuum Axallysis

Plate No: 23 Emulsion: 103a-E Date: 1963 gct. 13 MK Sp: G5V
Object: K Cet a;  03:17.5 sec z: 1367 B-V: 0.68
d: +03:1l fsec z: 288 (B-V)¢* 0.67
MR x 10°]| ¢ a | logI %%TZS :(L;%S %gfsi) /IOE ' /l S \ %; \Ir\
(BoRM)| * \PHTM) \PHTI-I) (’PH.’-_’I-I) (sz-z
36 8h.0 ol - - %0 000
38 L7.5 | 291 | -1h21 | -1358 | - 648 ~LUS |-1299 050
Lo 19.2 699 | - 946 | - €921 - 1E2| -099 |- 12_§~ R 7!;8_—_
b2 ., | e2n | -85 | - 803 - 093] -083 |- o8 819
Ly 11.5 915 |- 781 | - 737 | - 027} -O17 |- 063 | 865
L5 10.3 | 956 |- 1753 | - 710 000| 000
L6 0,0 | 936 |-7671 | -726| - 016] 020 |- 11k 769
48 17.8 729 |- 922 | - E8L | - 174 086 |- 182 |- e° 650 000
50 46.9 | 301 |-1370 | -1336 | - 626 og1r |- 363 I- 363 L3l | L3hL
5o 72.3 | 112 |-1770; ! -1738 | -1028| - -
5k 62.3 | 179 |-1565 | -1535 | - E25 025 {-1130 | 016 o7l | 1038
56 Lo.o | 273 {-1hoo | -1372 | - 662 oL9 |- oo 010 000 | 1023
58 Ll.2 | 353 |-1288 | -1262 | -552| 005 - 22, . 597
£ 36.7 | Lok [-1225 | -1200 | - L9O| -01L - 412 388
€o 2L.6 | 583 |-1060 |-1036 | - 326 | -037 - 657 220
6l 20.2 672 |- 992 - 969 |~ 259 | -058 ~1058 088
66 32.5 458 1-1158 | -11hk6 | - L36 - - -
68 - ‘ - 0Q 000

oA



Table 9 Continuum Ai:alysis
Plate No: 23 Emulsion: 103a-% Date: 1963 Qct. 13 MK Sp:
Object: Ry Aur o 05:;05.L sec z: 1,035 B-V:
g +30:22.1 Asec z: -0l (B-V)e: 0.67
o 5 Tog I log I Tog T log I jlog I I I
M) = 20 ’ Ny e 1 (ExT) Efﬁ% (1i81) \PHE;‘I-I) \PdYﬂ) (PH?I-‘I) (nr\r,n)
36 8.1 OlT - - 09 000
38 59.1| 203 | -1595 | -1€05 | -510 | -307 |-1161 069
Lo 38,11 3¢ 1 -12€0 | <1288 ! -193 | 330 |- 137 730
42 30,00 493 |-11L3 | -1150 | -055 | -0OLS - OL9 €93 -
Iyly 26,9| sho |-1095 | -1102 | -007 | 003 |- Ok3 6ES i
45 26.5| 5L6 |-1089 | -1095 000 000
46 29.0{ 505 |-1129 | -1135 | -0LO | -ooh |- 138 728
48 47.31 292 |-3400 | -1435 | -340 | -080 |- 348 |- oo | LL9 | o000
__50 77.8 | 082 - - -
52 83.8| o8 | - - -
51 8h.2 | Olb ~ - -
56 79.7 | 073 |-1€52 |-1856 | -761 |-050 |~co - 147 | ooco | 713
58 7L.0 | 102 |-1725 1-1729 | -63L | -O77 - 306 Lok
60 63.5 | 170 |-1536 |-1539 | -LLL | 032 - 366 431
62 h7.o 1 297 -13Lh - 1-13h7 | -252 | @37 - 583 261
€l 28.5 | 513 |-1120 |-1123 | -028 | 173 - 827 149
€6 67.0 | 145 1589 |-1592 | -L97 -
&8 - - o0 000




Table 9 Continuum Analysis

Plate No: 25 Emulsion:  103a-T Date: 1963 @ot. 1) |Calibration Ster:
Object: L Aur ot 04.55,9 sec z: 1.008 MK Sp:  AQV
Jd: +37:49 Asec z: B-V:
, .

; 5! log I log T o log I [log I I I
AR x0T T8 T (v (om0 (PH%A .y (pn%a\ (PH};LD
35 62.5 | 178 |-1500 | -1320 | -9h7 | 537 |

38 1.5 | €20 |-730 |~ 601 | -228 | 161
ko oh.5 11380 |- 362 - 266 | 107 | -00L

L2 03.9 | 14h0 |- 340 |- 269 | 104 | -032
Ll oh.3 {1h20 |- 375 (-333 | Oho | -016
45 oh,5 11385 |- Li2 {- 373 | 000 - 000
46 oh.8 |13h2 |- Lho |- Lok | -031 | 006
148 10,3 1 955 |- 680 |- 652 | =279 | 200
50 21,3 | 648 |- 888 |- 874 | -501 | 3E0
5o 29.5 500 |-1007 |-1002 | -629 1160
5l 29.5 | 500 1-1006 {- 998 | -625 115
56 30.8 | h79 11022 ]-1012 | -639 | 390 _
58 31.8 | U465 1036 1-1033 | -€60 354
60 33.9 | 435 Fa061  |-1063 | -6%0 | 33L
62 36.2 408 |-1085 |-1081 | -708 | 305
64 38,5 | 382 }1130 |-1098 |-725 | 280
66 L0.5 | 362 b3z {-1122 |-7he | 278
€0.5 | ogg L1230 {-1223 | -£50 | 351

68



Continuuwn Analysis

Table 9
Plate No: 25 Emulsion: 103a-F Dete: 1963 oct. b | MK Sp: K2V
Object: & Eri o: 03:31.3 sec z: 1.3L6 B-V: 0.89
& -09:31.8 Lsec z: 288 (B-v) ¢ 0.66
Na) x 10°] ¢ a |og1 (381 %f%fri)f 1og I log : /10\% \ IIS / \f
(Ee) | romipy] (TS0 | opmy ;z-zm-z> (P"W) SEnAl
36 | 78.0 | 083 |-1800 |-1538 [-1193 | -656 |- o o 000
38 30.0 | 492 1-1038 |- €4 |- kg9 | -338 |-1192 o6l
L0 12,3 | 895 |- 600 |- 524 {-179 | -1f3 |- 210 617
Lo 07.6 | 1115 |- 535 |- 411 |- 066 | -0s9 |-1203 | | 769
Ll 05.9 {1248 |- 470 |- 369 |- 024 | -0hO - OEG €20
L5 0.0 11330 |- 132 | 345 | o000 | 000 |
6 | oh,9 } 13k0 |~ 4EO |- 398 |- o053 | -ob7 - 191 6Ll
18 06,6 | 1200 |~ 550 |- 4LEO |- 135 073 |- 195 |- oo 638 000
50 2.y | €88 |- 337 - 663 |-338 | ob2 - Loz i- ko2 396 396
59 1c.2 | 803 |- 790 F 7h9 |- Lok | 056 |- 622 | o2k 239 | 1057
gl 12.0 | 900 |- 740 699 |- 354 | 061 |- 1044 | 052 081 | 1205
56 . 11,0 | 934 |-72h 683 |-338 | 052 |- oo r Ob5 000 902
58 07.8 11098 |- 690 |-660 |- 315 039 - 190 616
60 8.2 11081 |- 639 |-61h |- 269 | 065 -333 L65
£o 09.7 | 995 [ 692 |-661 |- 316 |-011 -631 23L
N 07.0 {1160 |- 611 |-574 |- 229 | 051 -9L9 113
66 10.5 | 952 L 716 l.682 - 337 |-059 ~1562 026
68 27.9 | 522 L 986 |-957 |-612 |-261 - oo 000

L



Table- g Continuum Analysis

Plate No: 25 Emulsion: 103a-7 Date: 1963 oct. 1L MK Sp:
Object: ¢ Tau a: 0L.19.8 sec z: 1,016 B-V:
d: +19:26.5 : Asec z: =.0L? (B-M) 4 1 1.1
AR) x 107 c o |1og 1|38 | (o |8 T, /1O% PR / v
(E4T) (rorzs) (1s537) \Eum) {pm-l) (Nﬂ) {PHTH
36 - - o0 000
38 5.0 o} | -~
ko 67.01 118 |-1560 |-1569 | -bso | -lsk |- kel | {330
L2 £3.2 | 2l7 |-1325 |-1333 | -2y | 2u6 |- 250 | 562
bl b | 351 |-13e3 |01 | -or2 | -oe8 |- 13l E:
L5 36.0 | l12 [-1112 |-1119 | 000 000 |
L6 3.5 | L30 |-1091 |-1098 | o2r | €27 |- 107 782
48 L6.8 | 300 |-1225 [-1232 | -133 095 373 |- €71 | 000
50 67.0 18 =170 }-1h76 | =357 023 F k21 - 421 379 379
52 72.5 112 |-1530 (-1536 | -L17 oh3 F 635 011 232 | 1026
5Y 60.2 196 |-13L5 }-1350 | -231 08L4 F1071 075 085 | 1168
595 200 1329  {-1333 | -21h 176 + oo | 079 000 | 1199
58 58. | 207 k1315 1-1319 |-200 154 - 075 el
éa 58,2 | 211 F1310 [-1313 |-19)4 140 |- 258 552
€2 ce.8 | 203 k1322 |-1325 | -206 095 -.525 299
6l 60.1 | 398 ]-1327 |=1330 | 211 069 - 931 117
66 61.8 182: {-1358 [-1361 | =22 036 -1 87 033
68 67.8 b0 (1433 {-1b37 | -318 | 033 - €3 _ 000




Continuum Analysis

Table 9
Plate No: 25 Emulsion: 103a-F Date: 1963 oct. 1l MK Sp:
Object: RJ Aur o 05:05.4 sec z: 1.004 B-V:
& +30:22 Asec z: —<05h (B-V),: 0.51
AME) x 102] ¢ d log I %§§T§ l§§T§ %?%S;\ lo§ {. ;Ds § ( g \ 5
(rom)| VU (A\pmmg) NeETe)  Hrwwma) | DT
36 85.04 oh3 | - | ~oo ~ 000
38 . 65.61 155 | -1535 | -1545 | <431 | -270 | -112l 075
4o 15,51 332 | -1239 | -12l€ | -13h | -138 | -165 16t _
b2 39.0] 375 | -1158 | -1266 | -052 | -0€L | -088 817
Ly 35.51 L15 | 1310 !-33328 | -o4k | -020 | -066 £57
hs 35.5 1 415 | -1107 |-111 | 000 000
L6 39.5 1 370 | -1152 |-1159 | -0LS -039 ! -173 671 |
48 63.0 | 175 | -1ko5 {-1h12 | -298 -090 | -358 |- oo 439 | 000
50 79.0 { 075 | -1650 |-1657 | -S43 | -163 }-507 - 507 ]-311 | -311
52 81.0 | 063 | -1630 {-1636 | -522 =062 | -7h0 |- o9l 182 805
sk 79.0 { 075 | -1565 |-1591 | -L77 | -062 |-1217 |- 071 061 L9
56 81, 061 | -1630 [-1636 [ -522 | -132 |- oo |- 229 020 | 590
58 78.0 | 062 |-1560 |-1565 |-L51 | -197 - 426 375
60 78.0 | 0f2 |-1560 |-1565 |-451 | -117 - 515 306
€2 76,0 | 093 [-1535 |-15L0 |-k26 | -121 - 71 182
6l 76,5 | 090 |-1545 {-2549 {-435 | -155 1159 070
66 78.2 | op1 |[-1565 [-156€9 |-lgs | -177 -1700 020
e 81.5 | 060 [-1640 16kl |-530 | -179 - 00 000

1
AL



Table 9 Continuum Analysis

Plate No: 26 Emulsion: 103a-F Date: 1963 Qct. 15 Calibration Ster:
Object: of Lyr o: 18:35.7 sce z: L.03h MK Sp: ROV
] : d: +38:15.7 Asec z: B-V: 0.00
ol Tog I| log T e log T jlog I I I
:\_Ok) il P R R R I é}r\rrn\ {PH%Q (Pn}f-;.b
.35 60.4 | 193 |-1490 i -1310 | -928 | 518
_38 15 | 798 |- 771 | - €2 | -260 | 193
ko 05,2 | 1325 |- 363 |- 281 095 | -016
L4 OhoB 3340 |- 386 - 315 | o067 | 005
LY 05.1 (1321 |- Llo |- 368 | oily | 030
L5 0.2 11319 |-h21 ‘- 382 | o000 | 000
46 05.8 11247 {- L€ - Llio | -067 oh2
18 08.2_ 123072 |- 640 |- 612 | -230 | 159
50 17.0 | 750 |- 852 |- €38 | -L56 | 335
50 21,8 | 635 |-9hs 1-9L0 | -558 | 389
5l 2b.0 ) 591 |- 98 |- 976 | -59L | 38
56 26,2 | 555 F1013  |-1003 | -621 | 372
58 26.2 | 556  F1010 |-1007 | -625 | 319
€0 27.1 Lo +1035 |-1037 | -655 299
62 30,0 | hol R1056 |-1052 | -670 | 267
64 26,6 | ohé  +1022 |-1010 | -628 183
66 34.! 133 1106 {-1096 | -7il { 243
68 64,0 ! 168 k1350 {-1343 | -961 | k62




Continuum Analysis

Table 9
Plate No: 26 Emulsion: 103a-F Date: 1963 ¢cct. 15 K Sp: GSIV
Object: p Her A «w:  17:hL.2 sec z: 2.000 B-V: 0.75
&2 +27:h1.6 psec z: +.506 (B-V)g: 0.7k
e Jog 1 o Jlog T |log I I I
AA) x 10°| ¢ a log T ‘.f:iT% (E7T) %%’sf,\ BV B ( v‘\
e (momta)y M Mpmm) prewnu) H(eema) | \pimidl
36 _ - o 000
38 73.1 | 108 | -1730 | -1k75 | -566 | ~373 |-1227 050
40 b6,2 | 308 | -1276 | -1072 | <163 | <179 |-206 | | 622
b2 3.8 | h22 | -1136 | - 998 | -of9 | -08L |- og8 817
bh 27.6 | 530 1 -1038 | - 907 | ep2 | 012 !- o34 925
L5 28.5 | 518 {-1034 | -~ 909 | 000 | 000
L6 28.5 | 518 |-103k | - 916 | -007 | 035 !'- 099 796
48 37.7 | 392 |-1359 | -1¢Bh | -1Lks | o1l }- 25L | -oo 557 000
50 57.1 | 239 |-1372 | -12€7 | -378 | -OL3 - Lol | - Lol | 397 3917
50 62 .6 179 |~1Lk20 | -1350 | -hh1 | -052 {- 626 |- OEL 237 &2l
5k 58.9 | 203 [-1360 {-1292 | -383 001 {-1154 |- 008 | 070 982
56 54.2 240 |-1332 | -12€7 | -358 o1 |- oo - 083 000 €26
58 4.9 286  |-12L49 |-1293 | -2El 035 - 15k 6L40
60 L5.5 313  |-1227 j-1179 | -270 029 - 369 28
£o Lo.7 360 |~1177 |-1125 | -216 | 051 - 569 270
6l 22,6 | 620 |- 968 |- 911 | -002 181 - 819 152
66 25.3 | 566 1006 |- 953 | -OLk | 199 =132} oL7
£8 ch.3 238 |-1311 |-1263 | -35L 108 - o 000




Table 9

Continutm Analysis

Plate No: 26 Emulsion: 203a-F Date: 1963 oct. 15 MK Sp: KOIV
Object: 7 Cep a: 20:L44.3 scc z: 1133 B-V: 0.92
) £:+61:39 pec z: -.261 " B-1) o 0.5
AR x 102] ¢ d log I 22‘:\55 %S*?S z‘l’fbﬁ\ lo§ { l/l O; Y }Iz \I}
(romay| S ey '\P}Eri-i) (rfm) \DHTH
36 75.0 100 - ~w | 000
38 29,6 L8 | -1055 | -12L7 | -762 -5€9 | -1123 038
ko 19.2 | 700 - €55 [-813 ! -328 | -3hk | -3721 | L26
42 0€.1 11060 |-577 |- 55k | -069 | -C6L t - 066 | 55
Ll 06y {1202 |- 510 |-522 | -037 | =027 | -o073] | 8L
45 05.8 (12L2 |- UB1 |- L5 000 000
L6 05.3 11267 |- 450 |- k55 | 030 or2_| - 206 | 622
48 06.3 11206 |- 5L0 |- 550 | -065 9L | - 36 1 - oo | U35 000
50 09.6 992 |- 686 |- 706 | -221 11 |- 330 1--330| L8 Lée
52 09.0 (1020 (- &8 - 706 | -221 168 | - 110 1361 776 | 1368
5l 08.3 1060 |- 681 |- 693 | -2C8 176 | - 691 1671 204 | 169
56 07.8_ 11067 |- 680 |- €98 | -213 | 150 |-a26 | 056| o038 | 3091
58 1.06.7 1129 |- 638 |- 661 | -176 U3 |- | - 086! 000 820
60 06.9 11160 |- €73 |~ 700 | -215 o8} - 31 485
62 07.0 1159 |- 673 |- 693 | -208 059 -~ 561 275
&l 05.6 (126 |- 637 |~ 650 | -165 018 - 982 104
66 06,9 (1160 | 679 |- 691 | ~206 037 ~1LE6 032
68 19.5 | 690 921 |- 934 | -Lk9 015 - 00 000

¢y



Continuum Analysis

Table 9
Plate No: 26 ) l Emulsion: 103a-¥ Date: 1963 cct. 16 MK Sp:
Object: RY Awr a: 05:05.h sec % 1.000 B-V:
&: 430;,22.1 asec z: -0 B-V)e: 0.60
A(R) x 102] ¢ d log I %ifﬁ l;;T§ %CI’SDI\ /1o§ { lofr i { é 5\
(romi)y VT Q) {(pRTi \'p.r*ﬂ,) (rm?;n:,
36 go.0 | 070 - -0 | 000
38 62,0 } 280 | -1515 | -1599 | -L70 | -277 | -12Ld 072
10 bo.0 | 279 1-1320 | -1362 | 263 | -279 | =306 | ko
L2 8. | 382 |-1183 | -12h7 | -138 | -313 - 117 ( 764
4y 33.6 Lo |-1318 | -1177 | -Oh8 | -03g - oth 82l
b5 30.5 | 483 |-1072 | -1329 | 000 | 000 - |
46 1,0.6 360 |-1212 -1265 | =136 | -09L - 228 592
L8 62,6 | 179 | -1h61 | -1502 | -373 | -21L | - L2 | - oo 330 000
50 78.6 078 1-1650 | -1€96 | -567 | -232 - 676 | ~ 676 211 21)
5p 76.1 | 079 {-1625 | -1668 | -539 | -150 | - €28 |~ 1€2 149 658
5k 77.8 | 083 |-1590 |-1630 | -501 | -137 | -1272 |- 126 | 053 748
56 78.3 060 |-1594 |-1631 | -502 | -130 - oo |- 227 000 593
~ 77.0 | 088 |-1571 |_3606 | -L77 | -15€ - 387 410
€n 77.4 085 |-157¢ |-1609 | -Lto | -1€1 - 579 26l
P 72.3 | 122 |-1500 |-1532 | -L03 |-136 - 156 175
€L 56.8 | 204 |-1337 |-1387 | -258 |-075 -1075 084
66 61,0 | 190 |-1377 |-1L06 | -277 | -02L 1547 028
8 76,0 | 095 FASS5  |-1582 | -LS3 | 009 - ©0 000

£3



Table 9

Continuuim Analysis

Plate No: 28

Emulsion: 103a-F

Date: 1963 0ct. 17

MK Spr AQV

Object: L Aur a: 04:55.9 sec z: 1.L66 B-V:
& +37:09 psec 7 —
AR) x 107 ¢ 3 | log1 %§§T§ %§§T§ %g% 1 lo% NI . %
(1:0RM) #ST) (fﬁxn) {PE (;HTH) lPHTLA
36 715 085 {-1590 |-1410 | -1086 | 676 ]
38 25.5 568 |- 737 |- 608 } - 28| 351
40 09.4 | 995 |- 333 |-237 1 ©&7| 02 SN N
42 07.9 | 1095 |- 268 |- 197 127 | -055
LY 08.4 | 1058 |- 310 |- 278 046 | -022 ]
s 09.L | 1000 |- 363 |- 32l 000 | 000
16 11,5 | 917 |- 431 |- 395 | - 071 | o6
18 18.0 725 |- 580 |- 552 | - 228 | 157
50 36.9 oo |- 906 |- 892 | - 568 | LL7
52 | k6 | 308 |-1009- |-100 |- 680 | s11
5k h6.6 | 302 1-1005 |- 997 |- 673 | ko3
56 48,3 | 283 |-2027 |-1017 | - 693 | Lhl
58 L9.0 278 |-1030 |-1027 | ~ 703 | 397
£n 50,2 271 |-1039 |-10h41 | - 717 | 361
£n 52.2 253 |-1062 {-1058 | -~ 734 | 331
&l ol by 237 -1086 |-107h | - 750 | 305
66 56.5 223 |F1106 |-1096 | - 772 | 301
£8 6.0 168 1191 {-118L |- €60 { 599




Table g Continuum Anclysis
Plate No: 28 Emulsion: 103a-F Date: 1963 Qct. 17 MK Sp: OV
Object: HD 1397k a:  02:1h.2 sec z: 1.035 B-V: 0.61
&: +3):03 psec z: -.131 (B=V).: 0.65
AME) x10°| ¢ | a |1og1 J(E?S %f%& %j’gsf, log]\i /105 3 / - / \II
; (nop)] P | Lenmn) \PHTM) pm) \ DT
36 72,0 { 335 1-1500 | -2k | -982 | =306 |- e 000
38 b1.9 | 346 |-1005 |- 973 | -529 | -178 |-1032 092
o) 17.1 751 |- 542 | - 9529 ! -0E7 -063 |- 090 _ 1 813
i 12.8 | e72 4-a | o3| oo | 036 |- oso 671
L 1. | 918 |- k20 |- Ly | -003 | -5 |- 071 €L9
45 11.2 931 |- 416 | - L2 000 000
46 1.7 | 912 |- L33 |- 159 | -017 029 I~ 105 785
48 17.2 | 750 |- 569 |- 599 | -157 000 |- 268 |- co 5L0 000
5Q 30.1 | koo |- 811 |- €50 | -LoE 039 |- k05 - LG | 393 393
52 35.7 4 Jag |- 866 |- 930 | -LEB 023 | 655 |- 009 | 223 9E0
cl 32.0 | L6o |- EL2 |- €78 | -L36 027 |-1128 018 075 1042
56 31.2 | 475 |-e25 |-pg6 { -l | o030 F o |-oq67 | 000 | €57
58 30.0 | h9o |- €30 - 8h7 | -LO5  -0O8 - 237 579
60 28,5 | 51 |- 785 |- 825 | -3€3 -022 - 420 380
62 129,0 | 508 |- 789 (- @22 | -3¢ -0l9 - 659 21,
6l 30,0 L k91 |- 806 |- 829 | -387 -082 -1062 083
66 32,3 | 458 |- 8ho |- 863 | =421 | -120 -1643 023
68 - - ®




Table 9 Continwm Analysis
Plate No: 28 Emulsion: 103a-F Date: 19563 cel. 17 MK Sp:
Object: T Tau a:  04:19.8 sec z: 1,133 B-V:
& +19:26.5 Asec 76333 B-V)p:de27
AMA) x 10°] ¢ a log I J(Ef]j J(L?%rf %‘;"I\ 10% { /105 \ / é \Iz\
(momiayy 0 lpamg) \P’nl‘LI) \:s:';-z?z.-.f) \PI)
36 - - o MAOOO i
38 - ]
4o 8h.6 | Oh3 ]-1690 | 17501 -h62 | -l16 |-391 | | hob
Lo 78.9 | 076 |-1535 | -1566 | -300 | -355 |- 359 136 o
Yy 67.0 | 146 |-1319 | -13ée | -oto | <22 {-ake | | m
b5 62.3 | 179 |-1240 | 1286 | o000 | 000 ‘
L6 62.3 179 | -1235 | -1281 | 008 | 054 - o0 832
L8 3.0 | 109 |-2370 | —yy12 | -22k | 033 |- 235 |- e | 582 | o000
50 £§.5 023 -
50 92.0 | 010 - |
5l 86.7 | 035 {-1600: | -1633 { -345 | 118 {~1037 109 | 092 | 1285
56 83.6 | Oh8 |-1515 | -15h6 | -2%& | uff 1. eo 0f9 | 000 | 1227
58 £0.3 | 066 |-U3h |63 | -175 | 222 - 007 98l
0 76.9 | 088 |-1361 |-1389 | -101 | 260 - 138 728
2 73.9 | 103 |-1327 |-135h | =066 | 265 -~ 355 Lh2
6l 71.0 121 -1279  |-1304 | -016 289 - 711 195
€6 72,1 | 118 |-1297 [-1321 | -033 | 26& -1255 __056
68 £7.0 030 - - - 000

93



Table 9 Continuum Analysis
Plate Mo: 28 Emulsion: 103a-F Date: 1963 cet. 17 MK Sp
Object: pv sur a:  05.05.4 sec z: 1.022 B-V:
(,(: 4-30.22 psee 7z =Jihl (B~V)£: 0.70
MA) x 102 ¢ a log T %;%T§ %§§T§ %;gg%\ (}OE S P / g 5
o ‘ (1:0R14) ek \PHTH) \PHIM> \PHTM) \ DT
36 £9.0 022 - - oo 000
38 6L.1 166 1-1360 | -1453 | -~590 -239 | -1093 081
50 5.0 | 333 1-1036 | -1337 ! -2sh | -23¢ | -257) | 553
b2 su.h | k31 |- ee7 |- 959 | -096 | -151 | - 155 700
LY 30,0 | k90 |- 809 |- EB74 | =009 | -031 | - 077 838
Ls 28.7 513 |- €00 |- 863 000 000
46 38.2 3686 |- 928 |- ggg | -125 -079 | - 211,‘ 615
48 ol .8 233 {-1120 | -1177 | -314 =157 | - k25 | - oo 376 000
50 75.8 093 |-1397 | -1hhg | -585 -138 | - 682 |~ 582 | 262 262
52 1€.7 076 (<1430 {-1478 | ~615 104 | - 7682 | - 136 165 731
5h 72.3 112 1-135h | -1398 | -535 -072 | -1227 | ~ 081 059 830
56 73.8 | 20h 1-3321 }-1362 | -L99 | -055 | -eo j-152 | 000 705
58 730 109 1-3309 {-1348 | -hés -0€8 - 317 Le2
60 717 118 |-1290 |-1327 | -h6L -103 - 501 315
6o 70.9 121 1-1280 |-1315 | 452 -121 ~ 74} 182
6L 60.) 193 |-1151  |-128L | -321 -016 -1016 096
66 63.5 170  }1187 |-1219 | -356 -055 -1578 027
68 €3.7 oL9  i-1520 |-1550- | -687 -0t8 - PO 000

L5



Table 9 Continvum Analysis

Plate No: 199 Emulsion; 103z-F Date: 196N June 17 Calibration Stor:
Object: o< Cr B a: 15.33.1 sec z:  1,0h0 MK Spi aQV
| dt +26:50 Asec z: B-V:
i ,
wxf| o | o fuer Fiimih o PR
] eteq A P Wenmid)  |(pam) | (Pnm
___136 56.0| 221 |-1630: | -1268 |-11L8 735 |
_ 38 11.7 4 911 |- 8B0; | - 597 |- L8k L37
L0 02.0 | 1747 |- 350 | - 138 |- 015 | 126 “.N—"‘_
ke 01,51 3860 |- 250; {- 091 | 032 | 04O -
LY 013 13900 |- 215. |- 148 | 005 | 019
45 01.3 11900 |- 220: {-1323 | 00O | 000
L6 01,3 11900 |- 225. |- 139 I~ 016 | -009
18 02,6 11640 |- 133 |- 366 |- 243 | 172
50 05.2 {1315 |- 661 |- 617 - kol | 373
52 05.1 13235 |- 729 |- 697 |- 57h Los
5l 06.8 11162 |- 77h |- 742 |- 619 | Loy
56 08.0 {1066 |- 827 |- 795 |- 672 | L33
58 09.3 {3000 |- 865 |- 845 |- 722 | L16 B
60 09.2 {1005 | 86o |- 860 |- 737 361
62 13.6 | 846} ok |- 928 | eoh | Lon
64 12, | 883 |- 932 |- 900 |- 777 | 332
66 15,6 | 792 |- 980 {- 948 |- 825 | 354
68 ! 36,0 ! ho9 1240 |-1213 |-1090 T9l




\ e e ——

{ Table 9 Continuum Analysis
Plate MNo: 199 Emulsicn: 103a-F Date: 196l June 17 ; MK Sp: gpv
Object: (3 com o 13:10.1 sec z:  1.0My ' BV:  0.57
¢ &:  4-28:04 Asec z:  --.00l (B-V).: 0.59
)\(X) X 102 C d log I ](??S l?;TI %;ED‘%\ /10§ { /3 r\ }Is ff\
* (om0 ) e (P)—ITE-E) VLT
36 - RN AN SN L S N S
38 b3.0 | 338 | -1330 | -lok7 | -317 | -080 |- 93 116 ]
40 19.2 | 700_1-1031 | - €19 ! -cfe | 037 | 010 | | 1023
ke 11.6 | 912 |- 961 | - eo2 | -o12 | 032 |- 036 21 |
Ly 08.3 | 1060 ;- €26 | - 718 | -012 | -031 015 1 2035
L5 of.2 | 1080 |- 827 | - 730 000 | 000 -
L6 07.8 | 1087 |- €15 | - 729 001 | -00& 1-"1h2 | 721
L8 5.6 | 781 1-962 |- 915 | -165 | -013 |-281 | - oo 512 000 .
50 27.3 | 531 |-1350 | -1306 | -376 | -003 |- Lh47 | - Li7 357 | 357
52 31.2 | 17 (-3¢0 | -1158 | -L28 | -023 |- 701 |- o055 | 199 | efa
5k 30.5 | L€3 |{-2382 |-1150 | -b20 | -011  |-1366 |- o020 | o068 | 955
56 29.5 | 500 |-1170 |-1138 | -bo€ | 025 |- o |- o077 eh7
58 29.1 | 505 |-1166 i-1146 | -Lk16 | ooo -2 590
60 27.2 536 |-11L3 | -3137 | -hor | -026 - I 377
6o 34.0 | 437 |-1220 |-1198 | -L6& | -067 - & 20).
6l 32.8_ | b4S0  -1206 |-137h | -LhY | -112 -1 077
66 Lh.2 | 326 <131 |-12€2 | -552 | -198 ~17E 019
68 72.5 111 {1602 |-1575 | -BLS | -25h - 000



Table 9

Continuum Annlysis

Plate No: 199 Emulsion: 3103a-p Date: 196} vane 17 MK Sp:
Object: A4S 205 Q: 16:09.3 sec z: 2.559 B-V: o
& +18:33 Asec 734,519 _ B-V)* 1.h8
AR x 10°| ¢ d log I J(ifﬁ %;%j }(1)?\1‘ (hi \ /10\7 § ( }:g ( \I/\
(morm)f MU \pHm) |imm r”») PHTi]
36 . - - 000 §
38 -
Lo 78,0 { 082 1-1820;(-1550 | -5€0 | -hSh |-48) | 1 330
L2 60.9 | 192 | -1L9k |-125l 28l | -2l l-2le 565
LY 35.1 420 | -1232 [-1010 -0Lo | -021 {-067 | Y
45 30.6 | 482 | -1183 |- 970 000 000 '
L6 27.2 539 | -1142 |- 938 032 023 {-13}, 735
L8 33 Whe (-3217 13025 | -055 | 317 |-151 |- o 706 000
_50 53.k 2h3 | -1397 |-1223 -253 | 120 {-32L |- 324 Lk L7l
52 ST.h 217 | -1L26 j-126l -29]; 111 |-507 079 271 | 1200
5l 4O.7 | 360 |-12€0 1130 | 160 | 2L9 {-906 2L0 l2h | 1738
56 3.9 | L2o |-1230 11092 -122 311 [-o° 21 000 1637
58 25,5 566 1-1122 L 990 | -opo | 386 157 1435
_60 23.1 612 |-1091 | 9€5 005 386 -012 973
£2 2L.0 | 592 1-1105 t 9of5 -015 | 3¢&6 ~23l 583
6h 15,9 781 |- 982 | 868 102 L3k -566 272
66 16.1 | 722 |-i019 F 911 059 413 -911 123
68 39.2 | 316 1267 |-1165 | -195 | 396 - o 000

c6




Table 9 Continuwm Anelysis

Plate No: 200 Erulsion: 103a-F Dete: 196h Juns 16 |Calibration Stov:
Object: ¢7Cr B @ 15:33.1 @ sec 7 1000 MK Sps; 1OV
i } d:a 26:50 hsec z: B-V:
- 5! log I Jog I ’ log I tJog I I T
A TR R R A N e /PH-ITBE.A {/P}}rx\ (PH%A (PH".\ICID
35 6h.9 | 160 - \ i
38 19.6 | €88 |- 990 |~ 571 | -192 | 259 i
ko 038 |33 |- 500 |-271 | 208 |-097 T
o 03.2 [3558 |- Lho |- 179 | 200 | -128 T
bl 02,9 |35e0 |- 520 |- 375 | o0% | o019 ‘ i
L5 03.0 13566 |- 530 |- 379 | 000 | 000 b
16 030 |15€6 |- 535 |- k99 | -220 i 095 ]
L8 05.L 11268 |- 6685 |- 581 | -202 | 131 B
50 0. | 95h |- 872 |- e02 | -h23 | 302 o
52 1 136 | 8hE |- 932 |- 882 |-503 | 33h
5) 15.1 ) 802 + 962 |- 912 |-533 | 323
56 17.5 | 739 11007 |- 957 |-578 | 329
58 18.1 | 723  }F101& |- 990 {-611 | 305
60 17.5 | 730 L1005 |-1000 |-621 | 268 ]
62 22.0 | 631 |-2076 2016 | -667 | 26h .
6l 18,0 | 722 1-1018 |- 96h | -585 | 1ko
66 23.3 | 602  |-2100 |~ 9L6 | -567 096
68 33 ! 3 112k [-3%08 | _g1o | 320

TS



Table 9 Continuum Ai:a.lysis
Plate MNo: 200 Emulsion: 303a-F | Pate:  194) gune 18 | MK &p:
Object: ;4 209 a: 16:47.0 sec z: 2,059 BV
&2 5.7 fsec 7141373 (B-V): 063
MR x 12| ¢ d log T %f‘fﬁ '}?/5 %2351\ /1_05 :\[ /10{? 3 / é / \1}\
’ (o)) VP o) g—:xa;.m) ‘1"1{'1:-2.1) \ Vi)
36 - oo 000
38 ge.6 | 132 | - -
40 60.3 { 195 1-1750 | -3ho¢ ! -212 | -309 |-336 1 | Lé) ~
ho 2.6 | 250 |-35ko | <1336 | -030 | 235 |- 162 609 ‘
b 51.2 | 262 |-1515 | -1307 | -022 | -003 |- oko RIEE:
Ls 50.3 | 268 1-1LES 1 -3266 | 000 | 000 .
L6 52. | 250 |-1525 |--1335 | -0h9 | oL6 i~ oge €17
L3 . 58,5 | 208 {-1570 | -1591 | -105 | 026 |- 2L2 |- oo | 513 000
50 68.1 | 1ho |-1tko | -1678 | -392 | -090 |- 53k |-534 | 292 292
.52 71.9 | 115 -
5L 66.0 | k1 |-1830 |-1650 | -loL | -061 |-1236 |- 050 | o059 | €13
56 _69.8 1 129 - - o0 -~ 000 -
=8 65.1 | 159 |-1752 1629 | -343 | -038 - 267 5l
éa 62,1 | 182 1-165) |-1537 | -2 | .o - 384 13 _
6o 62,1 | 182 |-165L {-1542 | -256 | 008 - 612 2hl,
6l 58.8. | 20 1-1561 |-1475 | =190 |-050 -1050 0t9
66 58.8 | 204 b5l |-14€0 | <19k |-o9e -1621 | 02l
68 - : - 000

,
(28]



Tavle ¢ Continuum Annldyads

Plate No: 205 : Emulsion: 1032-F Date: J106h gvdy 24 Caelibrotion Ster:
Object: 77 ﬁMa o 133_145,1 sec z: 1.ECE ME Sp: R3IV
i ] ‘ Jd: h9. 20 & Hsec z: B B-V:
: 2! ) log 1| dog T . Jog I llog X 1 I
A0 x 20 ° ‘ o (vor.) (nomg) 0% ° (sz-lfrn\ /m\zr (Tn}fn\ (Pﬁ}ézb
_35 37.0 Lo2 | -1780 | 1271 | - 5Lo| 597
38 133 | 865 |-1206 | -839 | - 08| 200
ko 05,0 |1328 |- 896 | - 622 | 119| oo 0
2 oh.2 | 1428 |- 831 |- 6L | 087 -016 - o
L 03.9 | 1hL8 |- eho |- 704 027 | -005
Ls 039 jiLk& |- 848 |- 731 000 | 000 N
L k6 Okl 13428 |- 850 |- 753 | - 022 | -003
i 48 06.7 11195 |- 985 |-920 | - 189 103
50 123,k 853 |-3213 {-1167 | - L36 | 287
52 18.3 707 {-1316 | -1297 | - Sh8 | 337
sl 21.7 | 6l |-1352 }-1330 | ~ 599 | 342 .
56 2L.6 | 5Bl 1-1355 | -1378 | - 6L7 | 333 . _ B
58 27.3 | 533 -Mi32 |-13g | - 688 | 31) IR
60 27.8 525 j-ibklo_ {-3bho | - 709 | 263
62 | 3h.0 L37 1513 (-1h91 | - 760 | 265
6L L 352 H1590  |-1skh | - 813 |- 278
66 L7.5 292 1655 |-1615 | - 88l | 323
68 66.0 ! 153 1285 -1809 | -1078 | LoS




Continutm Arnlysis

Table 9
_—Pla,te No: 205 Emulsicn: 103a-T | Date: 1964 July 26 MK &p: KSV
Object: 61 Cye A a:  21:01.5 sec z: 1167 B-v: 1.19
&: -38:3l psec z: =309 7
MNR) x 10°] ¢ & | logI szﬁ %?})1‘:)[ %rl‘f’bf\ 105 f /10\7 § }]; ) / \I/\
O (o)) VY e ) [leet) loeme) | A

36 768.0| 082 - e 000
38 6l.1| 166 |-2250 | -233l | _g28 | 706 | -1560 028
ko 23.04 612 b7 1 -35ke oW1 Alah -l o362
ho 16.5 | 767 |-1300 |-136L | -257 | -253 |- 257 553
L 09,1 | 102€& 1-1107 | -1165 | -059 | -08h 1 - 110 776
L5 08.0 | 1080 |-1050 | ~1107 000 000 B
L6 06.1 {1238 |- 660 {-101 | 093 | 090 !~ oLl 90k
18 10.6 | 950 {1155 [-1205 | -099 ool - 26l |- eo 5h5 000
50 22,0 ) 622 |-1381 |-3h27 | -320 1-033 |- bd1 |- lax | o3fe 388
£p 22, | 622 1-0378 1-1L38 | -31) | 026 |- 52 |- 006 | 223 986
sl 15.9 | 782  |-1261 |-2301 | -19L | 1L®& | -1007 | 139 | 098 | 1377
56 16,1 | 778 1261 |-1298 | -191 | 12 |~ o> |- OLS | 000 | 1109
8 12,6 | €60 1200 |v235 | -128 | 166 - ol;3 506
n 10.5 | 938 L1165 {1106 |-001 | 172 - 226 59l
‘o 10,8 | 938 1167 |-1199 |[-092 | 173 - Lh7 357
6l 10,9 [ 9ho  F1166  [-1196 | -089 | 189 - 11 155
66 12, | @83 F1197 |-1226 | -119 | 213 -1310 0Li9
68 23.8 | 593 1386 |-M13 | -306 | 1&9 09 000

]



Table 9 Continuum Anelysis

Plate No: 207 Emlsion: 103a-F Date; 104h Julv 27 Calibration Ster:
Object: 16 ¢ye £ a: 19:40.5 sec z:  1.079 MK Sp: 67V
- J:450, o) _ hsee z: B-V:
5 r log T| log I o log I jlog I I I
A 20 ° ‘ e (v ) (o)) 8 (PH’I;L'I (/th;\ (PH%-’E\ (PIY)
36 | 7ha | 303 | - | i ]
538 373 392 | -1510 : -566 1 316
0 16,0 | 780 |-1069 -125 | 005
b2 1.9 | 900 |- 970 | 026 | -038
LY 09.7 992 |- SC5 1 o038 056
L5 10.5 | 950 |- 9lik 000 | 000 _
46 10.9 932 |- 956 -012 026
L8 17.9 | 728 |-1323 <179 i 193
50 32.1 | hé2 |-1360 =136 | bl
52 38,5 | 362 {-1L65 -521 | 523
54 37.6 | 386 |-1l52 508 | 513 N
56 b1.8 | 3h6  1-1L9k =550 | 550 -
58 ho.9 | 358 |-1h79 -535 | 501
60 h2.3 3h2  |-1L96 =552 509
62 L1 .6 290 1561 -617 563
6l 47.8 287  F1568 ~62) 553
66 56.6 | 21 L1€78 =134 | 650
&8 810 | 062 - |




Continuum Annlysis

Table 9
Plate No: 207 Emulsion: 103a-F Date: 196L July 27 | MK Sp: y5v
Object: 61 cyp A @ 21:01.5 sec z: 1.209 B-v: 1.19
4 +38. 3 fsec z: 1,190 4 (B-V)er 120
AR) x 10°] ¢ a loz T J(?:ir% :(L;,&;S ai’%\ /log { 10\7 ; ( itz ) \IJ |
(omia)y U \pemi) (\EEIN) Hma) | v
26 _ - | | 000 - B
38 60.2 | 196 |-1910 | -1868 |-105k | -738 |-1592 026
4o 25.h 566 | -1268 | -1232 |- L41& | -413 |- Lko 363
b2 .o | eo9 |-1048 | -1016 |- 204 | =232 1-236 | | ser
Ll 09.0 12020 |- €67 |- 856 |- 126 | -100 - 16 715
L5 07.8 | 108 |- 8L2 |~ €1L | 00O | CO0O
L6 07.5 11120 |- €27 {-¢€oo | o1} | dio !- 09} | eos
18 12.7 | 880 |-1000 |}~ 97h |- 160 | 033 |-235 |- 582 | 000
50 23.5 | 600 |-1200 |-1227 |- ko3 | oh1 l- ko3 |-ko3 | 397 | 397
50 25.0 | 575 {-1272 {-1250 |- L36 | 087 |- 591 055 | 257 11135
£l 1 20.7 663 |-1208 |-1188 |- 374 | 137 |-1083 128 | 083 |13L2
56 16.0 789 - {-1129 |-1111 |- 297 153 |- © 056 000 11137
:58 16,1 | 780 |-113h |-1116 |- 302 | 199 - 030 933
60 15.3 | 798 |-1192 |-1205 |- 291 | 218 - 1f0. 661
62 18,5 | 712  |-2179 {-1163 |- 3hk9 | 21k - Loo 393
&l 18.8 | 702  }-1183 |-1168 |- 3vh | 199 - 801 158
€6 25.1 1572 |12g2 {-1268 |- Lsk | 196 -1327 oL7
68 5h.5 237  H18L9  |-1635 |- €21 - - o0 000

-~



Table 9 Continuwm Anslysis

Plate Wo: 209 Irolsion:  103a-F Dote: 166h Julv 27 Calibrotion Stor:
_Object: 1 ya o 33:16.2 sec z:_ 200k MK Sp; B3V
! cf:-:-ljg.,-_gigg Asce 7t B-V:
o 2 ! Jog I log X ot log T jlog I I L
MRS 10T C Tt (v (uomn)y 6 (PII’?M\ (/PHXM {1'{};\ (MYJD
.35 75.0 100 [-1905 | -1396 |- 963 | 10LO
38 25.9 559 |-1323 | - 73h {- 321 | L35
ko 09.0 1020 |- 701 |~ h17 i~ 204 150
L2 06.5 | 1200 |- 565 |~ 398 | 016 | 056
Ll 05.6 1279 {- 559 |- 419 |- 006 | o028
45 05.0 | 1330 {- 530 |- k13 000 | 000
46 06.2 | 1232 |- 595 |- ko8 |- 085 | 060
8 121 €62 |- €01 }- 736 |- 323 | 227
50 18.0 721 |- 902 1-856 |- Lh3 | 29k
5o 29.3 500 |-1065 |{-1034 |- 621 | Lio
5l 30.6 h62 11056 1-103L | 621 | 364
56 35.L 418 Fi1xas  |-1098 | 665 371
58 372 400 1133 |-1120 |- 707 | 333 .
60 L0.9 358 1177 |-1177 | 76L | 318
62 1480 265 [1263 |-12l1 |- 828 | 333
6l 50.1 267 F1312  |-1266 |- €53 318
66 55.1 23 1360 {-1320 |} 907 3L6
€8 6h.9 | 161 H1Lo5  |-1Lh59  |10L6 L6




Table 9 Conbtinuum Anzlysis
Plate No: 209 Emulsion: 103a-F Date: 1958}, July 27 | MK So: G2V .
Object: 16 Cyg 4 a:  19:40.5 sec %t 1.06h O Bv: 0.0
B &+ 50:2) Asec z: -1.000 (B=V)¢: .01 i
MR x 10°| ¢ a log T %§§T§ %§ZT§ %3%”1\ /lO§ f /}O% \ i $
; (norgd) 5T \PHT ] \1~'HPM> (71—:’.‘&1&) \PHTIA
26 63.0 | 173 | -2680 | - 972 | -122) | -22) ’; e | ] 000 _ __ﬂ_ﬁjw
38 26.2 | %22 | -1390 | -1h00 |- €52 | -217 {~-1071 085 R
1o 1.8 | 903 |- 781 | - 961 1-213 | -073 |[-301 | | 7192
42 06.5 | 1058 |- 600 | - 860 |-232 | -0k |- 036 | | 667 | T
hily 07.0 | 1160 |- 625 | - 773 |- 025 003 |- 043 906
bS5 06.0y | 1203 |- 605 | - 7L8 | 000 | 000 )
L6 07.0 | 1160 |- 635 | - 771 |- 023 037 - 097 800
L8 12.9 867 |~ 811 |- 938 {-190 | 037 -231 |- oo | 588 000
50 2l{.0 592 |- 999 | -1015 |- 267 027 |- b17 - 117 | 383 383
50 28.3 | 518 |-1050 |-1188 |- L1o | oco |- 678 |- 032 | 210 929
5l 27.3 | 531 |-1025 |-1125 |- 377 | -013 |-1168 |- 022 { 048 951
56 28.0 | 522 |-1028 |-1120 |- 372 {-001 |- oo |- 098 | 000 798
8 28.1 | 521 }-1029 |-1117 i- 369 | -036 - 265 543
€0 28,6 | 506 |-1039 [-1123 |- 375 |-057 - L55 351
o 29.9 | k93 1-1056 |-1136 |- 388 | -055 - 675 211
6l 30.0 | 492 |-1065 |-11h3 |- 393 | -075 -1075 o
66 35.5 | L17  |]F1137 |-1209 |- L6l |-115 -1638 023
68 L6y | 305  |-1263  |-1331 |- 583 | -120 - 000

oy
2



Table ¢ Continuun Anclysis
Plate Mo: 209 Emulsion: 103a~F Date: 196N guly 27 | 1K Sp:
Object: DI Cep o:  22:55.3 sec 7 1.095 | B-V: »
& 4-58.27 faec 7 ~.969 l (B-V).* 0.0
ANR) x 10°] ¢ d | logT 2§§T§ %E%T§ %;%S%\ /lo% % }03 t / i $
(170RE) P \eET) (PHTM) \PHTM) \PHTI
36 61.0 | 191 | -15h6 | -17961 -889 | -15) |- oo _ 000
38 40.0 | 366 | -1356 | 156561 -659 | =22} | -1076 083
4o 20.8 | 655 | -1020 | <1200 | -293 | -3 |-170 | | 676
L2 13.3 | 852 |- €20 | - 980 | -072 | -016 |- 020 955
Ll 11.6 91 - 773 ] - 921 | -01k 034 |- 032 1 929
L5 11.0 | 932 |-765 | ~907 | 000 | 00O
L6 12.3 890 [~ 795 | ~ 927 { -020 | oLho |- 09l 605
48 20.2 678 |- 920 | -10h2 | -135 092 |- 176 | - 667 000
_50 33.1 | Lh9 |-1321 | -1237 | -330 | -036 |- Lo8 |- LO8 | 391 | 391
50 40.9 | 358 |-1206 | -131k | -ho7 | 003 |- 675 |-029 | 211 | 935
5L, 1,2 | 353 |-1195 | -1295 | -386 | -02h |-1179 | - 033 | 066 | 927
c6 L1.5 | 350 |-1195 |-1287 | -380 | -009 |- «o |-1206 | 000 | 783
q k1.0 | 357 |-1170 |-1258 | -351 |-018 =27 566
60 Ll1.0 | 357 |-1168 |-1252 | -3h5 | .-027 - 25 376
£o L0.9 358 [-1185 |-1265 | -358 |-025 - 6U5 227
6l Loy |- 361 |-1189 |-1265 | -358 |-OLO -104L0 091
66 45.0 319 1246 |-1318 | -L11 | -065 -1588 026
|68 52.5 | 250 {13k2 {-1410 | -503 {-0LO - 00 000




Table ¢ Conbinuvm Analysir

Plate Wo: 210 Emalsion: 103»-F Date: 108l Julv 27 Calibrotion Stars
Object: o cyg o 39:bheD sec 7: )67 ME_Sp: ROLOTIT ]
I 1500 Asee 7t ) B-V:
PYUBIRY: 102! C a log I J(“.SI@TI) J(;g?]i) log S! (log\:)[ 10\% N ( é} ( '\If)
ote ) (LU ) PR |(em | (PrT
35 58.0 | 210 |-1200 | - 657 | - 877| 473 ]
58 12,2 1 895 -34S |- 085 | - 108| 036
40 05.9 11250 |- 090 099 079 | -039
42 05.0 11330 |-oko | 220 | o090 -020 T
Ly 05.1 11325 |- 055 06!, ol | -¢22
s 05 .l 1295 |- 080 % 09D 0G0 | 000
k6 06.0 1240 |- 135 |- 0k7 | - 067 | oS
3 L8 09.1 11020 |- 290 |-223 [ - 2k3 | 179
50 18.0 | 725 |- 505 |- 55 | - L75 | 359 ]
50 23.8 | 593 |- 605 |- 560 |- 580 ; L1y
5l 25,8 | 558 |- 630 |- 583 |- 605 | Lo?
56 30.L 1 Le3 F o695 |- 6hs |- 655 | Lo
58 33.1 1 W8 730 |- 690 |- 710 | l21
60 3L.6 b28 ¢ 750 |- 730 |- 750 395
62 43.3 1338 L 830 |-800 |- 620 | L6
6l Loe7 (303 | 865 |-825 |- gL | 395
66 52.0 258 F 915 |- €75 |- 895 | LIz
68 69.0 132 F109% [-1050 | -1070 | 587

~ -
[

(N



Table 9

Contiruvm Analysis

Plate No: 210 Emulsion: 103a-F Date: 21964 July 27 MK Sp G2V
Object: 16 Cyp A a:  19:40.5 sec z: .2 B-V: Lol L
&4 50:2) Asec z: =.U25 B (B—V)Jp 0.02
o o log I 12&1 log I log 1 |log 1 I I.
A(R) x 10 c d 103 T | (izen) E;{)ﬁ) (18T ( _?1) (Ngu) (p,b,) \/ynv\
36 55.0 | 230 | -1180 | -1386 | -gh7 | -347 (- oo | 000
38 28,0 | 525 |- 710 |-715 | =376 | -3L0 |-119) 064
4o 13,31 85 -390 - 395 ! -056 |-095 |-122 | |} 1755
42 2.0 932 |- 330 |-33h | -005 |-025 |- 029 935 o
Lk 10.0} 970 - 305 - 309 | -030 |-052 |- 098 1 798 R
L5 09.3 11005 - 335 |- 339 000 000
L6 09.8 ) 975 |- 310 |- 3ih 025 070 - 06 | 863
L8 16.01 780 |- L6o |- he3 | 12k 055 |- 213 |- oo 632 000
50 _27eh 532 |- 675 |- 678 | -339 020 |- L2l |- L2k 371 612
52 33,1 | L8 |- 735 |- 739 | -399 018 |- 660 |- 01h 219 966
5l 3%.6 1 118 |- 760 |- 763 | -hel {-022 L1177 |- 031 | 067 931
56 36.8 | koo |- 770 {- 1772 | -433 |-014 |- oo }-111 | 000 775
58 36.3 | LO5 |- 765 |- 767 | -h2& |-017 - 26 568
60 37.3 | 392 |- 780 |- 782 | -LL3 |-0OL8 - kL6 358
62 Lo.6 | 360 |- 810 |- 812 | =473 | -057 - 671 210
64 J1.0 | 356 |- €15 |- 817 | -L78 |-083 -1083 03
66 46.0 | 310 | E55 |- £57 | =518 }-106
£8 61,0 | 190 |—990 |- 992 | -653 |-0C6 - 000

QR
[RONS



Table 9

Continuum Analyvsis

Plate No: 232 Emulsion: 103z-7 Date: 1965 Jan. 1 Ca;jjnraJc-iog]_Sjggxig
| Object: 573 ori o: 0L l7.9 sec z: 1.36L MK Sp:  FOV e
] J: 06:55 Asec z: B-V: 0.l5
o o! loz I| log T . log I lo;.;; I I I
AR 207 C R B S 0 R [ - (mi\ éH\TIJ) )
36 93.0] o003 | - | |
38 62,0 | 182 |-302) - 634 | -310 | 197
1k 35.3] 1416 |- 673 | - 389 | -065 | o056 T T
L2 264|550 i- 505 |- 318 | 006 | -007 i
Ll 22.9] 613 |-450 |-31, | o010 |-o10 i N
ug 22,6 | 621 |- L1 |- 324 | o000 | 000 I
L6 23e3 | 607 (- LS57 |- 360 | -036 | 035 -
i L8 31..0 L78 |- 604 |- 539 | -215 201
50 48,8 | 280 |- 858 |- 812 | -hoo | L5
52 Sheli | 238 |- 928 |- 897 | -573 | 519
5l 57.7 | 213 | 970 |- 948 | -62) 56
56 60.1 | 198 | 991 |- 97) | =650 | 568
58 60.5 193 1003 |- 990 | -666 559
60 60.0 | 199 |- 991 |- 991 | <667 | 529
62 6.9 | 160 |-1061 |-1039 | -715 | 5L9
64 66,7 | 18 |-2081 |-1035 | -711 | 520
66 72,5 | 111 |-1160 {-1120 | =795 | 593 ]
68 8he7 | OL3 11325 [-1269 | -965 755

)



e ———

Table 9 Continuuvm Analysis
Plate No: 232 Emulsion: 103a~F Date: 1965 Jan. 1 MK Sp:
Object: Ry Aur a: 05:05.h see z:  1.li66 _B-V:
& 430:22.1 Asce z: 4..099 (B-V)e: 0.h3
AR x 10°] ¢ a | log I %ij& ](Llc_i;fr? %(I)S’bg“ lOE { /l o\% 3 / Jl; \i\}
‘ (zorig)p VP emag) (PIIIM) \J‘.’H".?Li) \ T
36 61.0 | 191 | -1022 | - 997 | - 793 oy 1 o000 )
38 29.3 | 501 | -560 | - 539 |- 335 | -138 |- 92 | | 101 | -
4o 17.3 | Tk1 | -310 | - 292 |- 088 | -032 |- 059 673
o 13.9 | 840 |-230 | -2 |-010 | -017 |-o0e1 | | 53 |
Iy 12.7 | €60 - 200 | - 191 | 013 | 003 |- oi3 | 906
by 12,9 | 870 |-238 |-204 | 000 | ooo | R
L6 15.0 | 605 |-270 |- 257 |- 053 | -018 |- 152 705
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Tatle 12 Intensity Variations in T Tauri Zwisslon Lines (cont.)

10/13/63 10/1L/63 10/17/63 10/17/83 1/1/45 1/21/65 1/29/45
23 25 26 28 232 236 2ho Jo‘f’Q'S)
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{FeII 5018.!.;(&2);' 2 3 3 3 2 2 3 L
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1 {:-‘er 50&1.8(36)} 0 1 1 1 0 0 o 0
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Fell 5169.0(%2) O 2 2 3 3 0 0 0
Fell 523h.6(L9) 1 2 2 3 2 2 . 2 2
FeTT 528 (e My 2 2 7 2 2 2 2 2
7elI U276.0(L9) : o
{FOTI 5316.2702) () 2 2 2 3 3 3 2 2
FoIl 5316.8 (uS)"’}

FeIT 5352.2(48 1. 0 2 1 2 1 2 0
FeII 521101 2h) o 0 0 O 0 0 O 0
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Table 12 Intensily Variatiorns in T Tavri Brission Lincs {cort.)

10/12/63 10/1)/63 10/17/62 10/17/63 1/1/65 1/27/65 1/29/85

23 25 26 23 232 235 240 _
A ;.c’is_z_.r_lj‘,_. A kar R Aar BT fur Py Aur H! Aur R Aur  BY Aur
£965 {FeII seéu.f(zh)} 1 .2 1 ; 2 0 0 0
12T 5675.6(11)
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fL55  FelT &L55.L(7) 0 2 2 2 0 0 0
6516 Fell €515,2.(10) 2 2 2 3 p 0 9
€563 H 6562.8(1) L L h L L L b
672l - ¢ 0 0 G e 0 o
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Table 12 Intencity Veriations ir T

10/1)/ 53 10/17/63 1/1/65
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1731 Fel L731L.5(47) 2 1 0
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Tavles 12 Tntensity Variaticns in T Tzopi Emisslion Liner (comt,)
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10/1L/63  10/37/63 L/1L/€5 1/27/65  1/22/65 /2% /EX 2/1=/45
25 28 232 234 237 250 Joy(15L5)  2oL2
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Table 12  Intonsity Variations in T Tauri Emiszion Lincs (cert.)

§/21/6  6/11/6h  £115/8,

209 169 200
A Tdent, DI CE: £5205 45209
3734 I 3735.5(3) 9 0 0
3836 H 383c.0(2) 0 0 0
3889 E 3889.0(2) o 0 0
3933 Call 3933.7(1) N 2 3
3968 {G:II 3968.5(1)} ! 2 2
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Table 12 Intensity Variations in T Tauri Emission Lines (cont.)

6/27/6L 6/17/8h 6/18/6L,

209 199 200
A Ident. DI Cep AS205 AS209
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7) 0 0
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Tabhle 12 TIntensity Varisctions 3n T Tanrl Irissicn Limms (eemt,)
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Table 12  Intenoiis Juriations in T Tauri Zeission Lince
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Table 12  Intensity Variations in T Tauri Frissicn Tines (co w.\
I
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Supplenentaory Notes to Table 12
1. DBlended with an unidentified feature on plates 25 and 28 of T Tau.
2. AL171.9 is absent in Joy's spectra of these objects but has been
found in other T Tau stars. A L173.5 is strong in RW Aur, moderaste
in T Tau.
3. Fel sirong in Eoth; Crl moderate in RW Aur, absent in T Tau
(Joy (L9L5)).
L. ALL27.3 absent in Joy's spectra of T Tau but present in RW Aur.
S CrIl present in RW Aur only in Joy's spectra,
6. Blended with \L306.
7. TiII moderate in RW Aur but absent in T Tau (Joy (19L5)).
8. Blended with AL390.
9. TFel absent in Joy'!'s 1945 spectra of T Tau.,
10. Blended with ) Ll27.
11. ALLGS absent in Joy's 19L5 spectra.
12, TFell is dominant in Joy's spectra.
13. Abgent in Joy'!'s spectra of KW Aur,
. N526L.8 absent in Joy's 1945 spectra of T Tau and RW Aur.
15, 2\5316.8 absent in Joy's 1945 spectra of T Tau and RW Aur.
16; A5875.6 weak in Joy's 19L5 spectra of RW Aur.
17. Blended with \UL176.
18, Appears as two distinct features.
19, CrI L254.3(1) should be strongest line in its multiplet but has
| not been observed in any of the program stars by either Joy or

the author.



General Note:

Those lines which have been found to occur in T Tauri specira
but which were not identified by the author are listed below.

should be pointed out that low dispersion though advantageous for

I

some purposes necessarily implies greater difficulty in the line

identification problem.

TiIT L300.1 (L1)

CrIl

1321.0 (L1)
1330.7 (L1)
L399.8 (51)

1407.7 (51)

LLL3.8 (19)
LL50.5 (19)
L5013 (31)
1572.0 (82)

hesh.3 (1)

CrII L824.1 (30)

L250.8 (L2)
L325.8 (42)
hhok.8 (L1)
Ll35.2 ( 2)
11528.6 (68)
L122.6 (28)
166648 (37)
Lsk1l.5 (38)
L576.3 (38)

L620.5 (38)
5197.6 (L9)

&
(V)
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Table 13b eIl Emlssion ILinss P*.esent in T Tauri Stars
(By Ion and Multiplet)

Laboratory Solar T
Vavelengthf  Iult.No. Transition  EPVolts  Lab.Int. Chromos. Tau
k89,2 37 by loo o 2.02-5.57 L 2]

“1/27 Fg/2
LL9L.L hF Lo 2.84-5.59 5 ej
3/27 “3/2
1515.3 by o Loo  2.83-5.57 7 3 3
fg/e” 5/
L520.2 by oo o 2.79-5.52 7 1 3
9/2 *7/2
A’JSSSO9 J—L—:, _h’ﬂ‘o 2.82"5.52 8 l 2
1:629.3 L, Lo = 2.79-5.L6 7 1 2
F9/2= Y9/2
1508.3 38 hF : hDo 2.94-5.58 8 1 3
3/27 “1/2
h52206 )-I-F _l-lDO 2083"5056 9 1 3
5/27 “3/2
L5L9.6 hF L_o 2.02-5,53 10 - 2 2
/27 ¥5/2
L583.9 b, hD 2.79-5.49 11 2 2
Fo/o= “7/2
6432.6 10 6S 6Do 2.88-L,80 8 0
5/27 s/
6516.1 6S 6Do 2.88=-4.77 20 1
5/27 ~1/2
1,923.9 L2 6S 6,0 2.88-5,39 12 2
5/27 “3/2
5018,k 6, 6,0  2.808-5.3L 12 3 1
¥5/eT T5/2 |
5169,0 b, 650 2.88-5.27 12 3 0
| Sg/eT /2 |
L7314 L3 li_o 2.88=5.19 3 1
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Tabkics 12 cad 13 reveal the following important informatlon:

1) The cmissicn line effect is an ever changing phenomenon. This is

-+
bl

well bewmiz cub by the resuliing values of d s the changse in BV dus to

s Fal 7,,-..._..-. . 2. h TP & e . Y e
. -

12ncs, as will be scen in o next chapters IV isc in

cocord with the cboervaticns of Joy and Kuld that not only docs tha

fad x . .

KIS oo, e S -~ N - cp - - Fa e P e ey Qe -
Invenzily of wace cmlesion spectrum vawy gieavly from star Lo sitar tul

.

varies aloco im chort perioeds within a given stare 1n pervicular, cn

plabte 232 of &7 Lur ceveral features hove dlminished intensitiess

thnic plote oo bolien about 1L 1/2 months after the lower numbered

vlatcs inm Lho coricoe 2 L the 56 diffuse omicsilon features cccurwing
in tha oneetra ncoxrly 21l arice from low levels of excitaltion and aras

metallic, mcutrcd ond singly icnized ixon conmuxrdbuting a majoriiye

o7

-~ . o e e 2 - - - s -
3 Corucin cimilarities cbiain botwoen T

curi srectra and tho spocirwa

-~

o - - Sy e oo e e e L DU 4 » -~ ~ -
of vhc oolar carcmoschacrce  Thonas and Atkcy {(1981) givo the most come

N

5 2

1lotc 2ict of solar chocmossheric Gpeciraes <helr list of idontificatlions
hes been incorporatcd into Table 13,

WSS and Wil32 of FeI(h3) aspear strcnsikencd relative to the

other mombors of that multipleb; this wos otscrved by Joy (19L5)e ILawrbig
(29L5) atixibutes the cnhaoncemen®t of thece lines o population of the

' 2
uppes 7T leval thicurh the cction of CaIf 298305 upon A39869.3. The

¢iffereace in wavelength is componsated by the great width of the calciun
line iz T Taurl specirae. ilow although this phonomenon occurs among tha

rnmn

» Taurdl varizblses it is

8]

bsent in the solar chromospheree The sharper

wicdth of the chrcomospheric Caill line moy offer a possible cxplanation.
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1 Q = K e I R Y E 4 L. i~ EX N T (el N |
3 70i5325.0 4is u0ua¢ly 2C52nY 1h vAe Specorun of = Aur. L COLE

- - R PR Eo RN o~ A e I .-ﬁ,' o0 e =
1% summarines. Can the causs ol bhe aotnomral avpearacnce of the Lines
L. N v~ R RS Ao R ~
in these maltiplets in Wi Aur te a vled indirectly tc sutrong Call
R A el e el Al e ) T R T - LI v S, [ 4 e
LY EMIELIOn: SIANCE SUCh EnIBELI0N 18 I4aY WeoXer Ln unhe

crromospheres and since tie & usarance of the lines of multiplets u4l,

L2, and L3 are different in o wo sources, perhaps the answer is

Tobls 18
Ceeurrcnce o7 lembars of Tel (L) (L2)
Tr:sanca in
wavelengtn B Solar Chromooeornare
oo y — - ~ - . - N
L383.5(L1) 3, S.o 1.2 lloderate Very Strong
Ay )
Lo 75
7 K e . - ' . “
Lins.i{ki) 2o 5.0 0.% moderate absent
e
- -
- \ n - .
1325.9(L2) 3. 3, £ Absent Very Strong
.‘2— b3
- of s e [ [
L271.8(L2) 3, 3a .5 Strong Moderately Strong

icn potential ol the upper 1eve¢ associated with each
of the transitions is approximately L.b eV only llnes longward of
A2328 can be responsible for exeiting atoms to the levels concerned.

) ar - &) . i 1 ~m @
he stronz solar ipll doublet at 2795, 27974 as a

poesibilivye. The only possibilivy of the Call K line ac a source is
ER) 3m Sno- - L s N ) . @ N IR T S S
ne “G,~-"C) trarsition which produces o line ot 3929.14; but this is

~

o - .
nearly 54 to the violet of Ca K. A therough search of

tables reveels o known coincidental matching of el wavelengths with
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sclf absorption in the weaker lines (Herbig (;9&8)) is much greater
than in the solar chromesphere. ror this reason, only a lower limit
to the flux subiracted by the emission lines can be debermined. Table
13 reveals that only 5 of 19 Fel lines and 13 of L2 FeII lines found

in the spectra of T Tau and RY Aur have been identified in the spectrum
of the solar chromospnere; all have relatively large gf values. Only
two Fell lines and 10 Fel lines appear in the chremosphere whnich have
nov been identiiied in T Tauri spectra but it should te pointed out

that all but two of the 12 Iines occur in the crowded LO00-LLOOR region.

They may actually be present in these spectira but have escaped detection

n

simply because of their proximity to o vast number of very strong lines.

¢

markedly different from those of W Aur and T Tau itself. Only the
very strongest lines in the spectra of the latter show up in DI Cep

and AS 209,



Smak (1960) uses a photometric method to evaluate the line
cmission effecte His filter (2mme BCGL2 + 2mme CG3 + lmm, Corning
3387) is employed with the conventional wide band V filter to establish

Ead

color base that is relatively free of line cmission. Although the

f

)
L
)

4

- and EY contributions arc greatly diminished, 21 emission features

are still visible in the trancparent region (L3C0< A< 5100) of the

Zilter in low dispersion spectra of R Aure. A typical line analysis

N

was run on Steward Observatory Plate No. 20 of this object to determine

to what exbent Smak's color.base is actually emission frec, Table 16

lists the filter transmission and dengity as a function of A « This is

-,

plouted in I

iz, 8o The reduced data are presented in Tables 17.

Teble 16  Density ve A of 2wm BGL2 + 2mm GG3 + Lim Corn. 3387

(Smekts Tilter)

-~ /Q . . .
S (&) Transmission Density
L300 0 - CO

4100 13 - L8086

217
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B-V

Table 17a ILine Anelysis

Plate No: 28 Fmulsion: 103a-F Date: 1963 oct. 17 MK Sp:
Object: RJ Aur a;  05:05.} sec z: B-V:
; d. +30:22.1 ec z:

MNR) c, | ¢, d; g, |logT, | logT_|AlogT logicﬁ logi:c" ?B i il"‘ vidth
AlogI| AlogIi “©B Cy (X)

1,306 -1491 009 0.2
L340 - 965 038 1.1
1376 _ - 721 038 1.4
L1415 - 658 . 040 1.1
LL&Y - 556 038 1.1
5490 - 179 069 1.0
518 ~ 383 143 L6
14558 - L7 100 1.8
LsEL - 502 072 1.h
4616 - 565 ohs 0.5
L3l L 175 119 1.9
4700 - 70L9 008 0.1
L731 ~ 773 022 0.2
4789 F 9.3 olh 0.1
L817 1037 015 0,2
L86). - 830 094 3.0
Lo2l, Loob b hsoes |l doag | | 0.3

———

612




B-v
Table 17a Line Analysis

Plate No: 28 Emulsion: Date: MK Sp
Object: RY Aur (cont.)| a: sec 7: B-V:
] C( - ec z:
Logleytlogleyt Typ = | I3y = | Width
AR) c, | ¢ 8 a_ 10T, | logT_|alogT | + BT TV : B . v . A,
AlogI| Alogll “Cp Cy ( A)
5018 -1760 007 0.2
[iohl -204) 001 0.0
5053 . -2339 { 001 0.0
5070 -2679 000 0.0

02c¢
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Tablel7b  Data Summary Sheet for T Tauri Object
Plate Ho: 2€ Object: RI Au'r
ACV: .718 AGB: -098
AlV: . .069 No., of lines contributing to V: o3
Arg: 020 lo. of lines contributing to“B: " 17

AC\;/A(;B: 7-326

(B-V) : 1.62

) ACV + Alv
ACB + A]‘B

¢ 6.703

A A .
l\’/ cv‘ .100
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In the region under consideration Smak!s colors may be determined
according to the expression

B -V =2,51og ooy = 3.0k

Thus the B -V continuum color index of RW Aur is found to be +1.62,
corresponding to (B-V)c = +0,70., Previcus computations have revealed
RW Aur to be bluened by § ; . = OFL5 when the line contribution is
added; the ratio of line to continuum flux is .26 in the B windoﬁ,

.10 in the V window. The same ratio in the® passband is found to
be 0.21, fully two-~thirds as large as that in the B passband which
it is designed to replace, With the inclusion of emission features,
(i?-V)cl = +1.53. Thus Smak'!s continuum color index is altered by

H-y= 0,09, The magnitude of the line emission effect is only
slightly reduced when one employs the® filter. There is a great
difficulty in choosing a filter less sensitive to emission than
Smak's @ rilter., The enormous crowding of bright lines coupled with
their apparent variation in intensity make such a choice impogsible.
The method employed in this work is admittedly less capable of providing
as large masses of data as the photometric observations, but it has the
distinet advantage that it treats each emission feature separately.
There results a more exact evaluation of the nature of T Tauri continua,.

The present method is testable in at least two ways. Table 18

reveals that the reduction procedure followed is sufficient to predict

the observed photometric colors of UBV standards. Spectra of at least one
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of these stars have been put on each plate for this reason. The prob-
able error of a single determination of (B-V)c is + T016., Repeatability
has been stressed particularly in the most recént platess Derived and
observed standard star continua are plotted in Fige 9 for a few of the
plates.

Errors due to readability of microdensitometer tracings have
been found to play a primary role (Chapter II) but other errors of an
intrinsic nature are also present. For late type stars it is very
difficult to decide about the ultraviolet level of the continuum. There
was at first a tendency to underestimate the true continuum flux since
the gaps between spectral lines in this region, which serve to indicate
the level of the continuum,' are few and far between. Furthermore, the
low F. piate sensi tivity makes the situation even more confused. Even
with the well-chosen filters of UBV photometry, the true continuum color
of any star is never duplicated in photometric observations since
absorption lines alter the shape of the spectral energy 6urve too.

A second test of the method turned out to be less fruitful,
principally because of observational limitations. It was thought that
simultaneous photometry would provide a highly accurate check of the
spectroscopic observations of T Tauri stars. The difficulty associated
with obtaining two instruments for the same night incressed with time
as Tucson and environs came 10 be realized as the promised land for
obtaihing astronomical observations; nevertheless, simultaneous photom-

etry was made available for nearly three quarters of the spectroscopic
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Table 18 Corrbouted and Observed Colors of Standard Stars

Objsect  Plate No. Observed 3=V Computed (B-V)C (B-V)~(T-V)

Fal
w

X Cet 23 +0,69 +0.67 +0.01
£ Eri 25 +0.89 +0.88 40,01
piler L 26 - +0.75 +0.7L" +0.01
7 Cep 26 +0,92 +0,55 -0.03
1397k 28 £0.,61 0,55 0.0,
8 Con 199 +0,057 +0.59 -0.02
G1Cyeh 205 +1.19 +1.20 -0.01
€1CyeA 207 +1.19 +1.21 -C.02
16Cyga 209 +0 o6l +0.61 , +0,03
16Cyga 210 +0. 54 +0.61 +0.03
p Cem 236 0,32 +0.29 +0.03
e Gem 237 +C.32 +0.429 +0,03
P Cen 2L0 +0.32 +0.31 *0.01

P Gen 22 +0.,32 +0429 +0,03
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nightse. One period of unusually poor transparency reduced this to
about 331/3%. This test is only an approximate one owing to the
extremely rapid color variations exhibited by certain active T Tauri
stars. During a typical plate exposure (two or three hours) color
variations of up to 0™ were "observed. ?hese data comprise part of
Table 19 which displays the results initially sought in the iﬁvestigation.
The author is indebted to the Kitt Peak National Observatory for
permitting him to usé the 16 - inch photametric telescope in order to
obtain several observing runs at the same time the Steward 36-inch
instrument was being employed for spectroscopic purposes. Simultaneocus
photometry and spectroscopy would have been totally impossible without
the cooperation of the staff of the.National Cbservatory.

The colors (B-V), and (B—V)cl as well as the parameter é
for every variable star spectrum are displayed in this Table, It is
apparent that the range of observed photometric colors more closely
approximates (B-V)cl than the line free color index as theory predicts.
This test could lead to greater accuracy if the program utilized brighter
T Tauri'stars; these simply do not exist. Employing ldwer dispersion is
-a poorer possibility. Although this offers shorter exposure times, it
magnifies the problem of detecting unresolved emission lines,

The most significant facts obtained from a study of the observa-
tional material follow:

a) The emission lines in T Tauri variables profoundly influence
the observed colors, causing the stars to appear bluer by as much as
é"OWIS. This constitutes only a lower limit since there is reason.to

believe that unresolved emission lines have been included in the deter-
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minatidn of continuum color; this subject will be dealt with below.

b) The effect of 1ine.emission upon color varies in some con-
plicated manner. The limit$ for seven spectra of RW Aur pive omo6 <& ¢
OI:L.LS; seven spectra of T Tau give OIPO'?( S( On.qlh. Can these variations
be correlated with changes in continuum color and/or light cycle? In
order to decide the first question the line emission parameter é' has
been plotted against the conbtinuum color (Fige. 10). The range of probable
error for both coordinates is indicated by spikes. It is difficult to
estimate the error in the determination of J « Even ig unresolved
emission lines are excluded, one has to contend with numerous dases of
blending and overlapping line profiles. Here line widths can only be
roughly estimated. When considering line intensities one finds it more
difficult to confine the platc density observations to the straight line
portions of the characteristic curves. Indeed, no realistic quantitative
treatment of probable error is possible for the coordinate. A generous
estimate of +2% appended to the ratio of B and V continuum plus line
fluxes gives&(g = +,02,

That $ and (B-V), are related is suggested by the positions of
plotted points in Fig. 10 even though they are scattered over a large
range., The trend ftoward larger values afg with redder continuum color
for T Tau is particularly tempting. A straight line of slope AS/A(B-—V)C =
1/5 fits the observations well for that star. There is, then, at least
‘a possibility thét the emission lines are strongest when the continuum
color is reddest. ‘This may be connected with the fact that most of the

lines are located in the blue region. When the blue continuum becomes



Table 10  Summizry of the Zffect of Line mnmissicn Tpon R-V Color

S.0. : Denarizs Conearning
Object Flate Ho. Date (BHV)C (B-V)Ci & Condurrsnt Thotomsbry
E! Aur 23 © 1953 Get, 13 +o.57 +0,57 0,10
25 1963 Cct. 1k 0.51 0,36 0.15
26 1963 Cet, 15 0.£0 0.7 0.13
28 | 1963 Oct. 17 0.70 5 0,15 0,50€3-¥40,50; £,53¢¢E,55
232 1945 Jan., 1 0.1:3 .27 C.0%
235 1945 Jan, 27 0.30 0.2¢ G0l
2h0 1965 Jan. 29 0,43 0,36 0,07
T Tau 25 1963 Get. 1k 1,11 0.99 C.12 1.6043-¥<1,03; 9.9047<10,02
8 1963 Oct. 17 1,28 1.1 0.1y L LL<B-V<1.17; 94537 < 5457
232 1965 éano. 1 1.19 1.08 0.11
236 1965 Jar. 27 1.07 - 0.98 0.09
237 1965 Jen. 28 1.20 1.1 0,09 B-V = 1,17¢ V = 10,39
240 1965 Jan. 29 0.9k 0.87 0.07
2L2 1945 Feb. 19 1.16 1.07 0.09

DYoL, - A - R
s30ne Stocrvation only.

g¢e
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Sumnary of

Exission Upon BV Color

Sl

Flate No.

2%
199
200

Date

196l Jvl. 27

196l Jun, 17

196l Jun, 18.

vhe B
(5-7)

Hemarks Concerning

Concurrenv thotomztiry

0.56
1.,5.8

62<
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depressed relative to the red some of the lines which were burnéd out
cn previous spectrograms then show up against the less dense background,
The summary tables reveal that a larger number of lines contribute to
the bluening effect when (B-V) approaches 1afge positive values. An
alterﬁétive explanation would require one to devise a special physical
process in the atmosphere of T Tauri stars which produces greater
emission line fluxes at the same time the continuum flux diminishes in
the bluec. The expianation that the effect is extrinsic is much simpler.

The relation between light cycle and éﬂ is much more difficult
to establish quantitatively. The lack of available concurrent photometry
is principally the cause of this. Herbig (1958) found that emission
line activiiy is generally'richer at light maximum. The observations
‘displayed for T Tau in Table 19 seem to agree with this. Apparently
T Tau and RW Aur were caught in periods of great activity during the
1963 Oct. observations. For each of them érwas quite large, "The fol-
- lowing yearcg-diminishcd, by nearly 0T for RW Aur and somewhat less for
T‘Tau. It is not so surprising to find large fluctuations of up to ol
in V over the course of a three hour exposufe. These stars have long
been known to behave in this manner, These fluctuations are accompanied
by equally large color fluctuations. The irregularity of the continuum
is obvious in Fig's. 6 and 7. The emission lines depicted appear to
rise and fall in an irregular manher from plate to plate like so many
spicules on thne limb of.the sune Fig's. 13 and 1L illustrate even more
- vividly the Wévy appearance of the continuum.
What is the effect of the line emissioh correction upon the

determination of T Tauri star positions in the color magnitude diagram
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‘Thig is pcerhaps the most important gquestion that can be answered from
this study. Since the removal of emission lines reddens the star, the
star will shift to the right or toward younger apparent contraction age,.
Tor neither of the program variables 1s the "emission track" long
enough to place them in the wholly convective fast evolutionary phase
given by Hayashi et al (1962). The true position along the abscissa of
the log L/Lg vs log T, diagram was found by averaging the (B-V), for
ecach star (corrected for space reddening by employing rgsults to be
discussed later) and converting to log Te using Arp's table. The same

compubation was made for the apparent colors, (B-V),j. The results are:

True log T, Apparent log T, A log T,
RW Aur 3792 : 3.860 .068
T Tau 3.7h2 3.789 20l7

Absolute magnitudes are very difiicult to estimate for these objectse
Using the bolometric magnitude of T Tau given by Kuhi (196L), the posi-
tion on the ordinate in the HR plane is log L/Ly = 0.728, With the
correction for line emission, T Tau is placed‘at twice the previous
distance from the main sequence., ¥For KW Aur the shift will be even
larger. To what error does this amount in the aeterminétion of the
contraction age of these objects? Due to the inexactness associated with
transforming between theoretical and observed color maghitude diagrams one
can only obtain an approximate answer. An examination of the contraction
tracks given by Henyey et al (1955), along which equal time intervals

are marked, reveals that 4t/t lies between 0,12 and 0,15, It is con-
celvable that an overestimate in agé of 20% or more will result, if

the emission line correction is neglected in advanced T Tauri stars.
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Fige 11 depicts the shift of position in the theoretical HR Diagram;

the evolutionary track for stars of 1M, and 2Ms according to Hayashi

et al are shown for reference, The effect upon the variable star
positions in the two color plot is shown in Fige. 12. The avérage of the
photometric U~B observations obtained by the author was used to locate
the position on the ordinate; the “emission track™ in the diagram is
given by the average of the computed 4 values.

The results depicted in Fig. 12 should be observed with a word of
caution. There is reason to believe that the U magnitude 1s affected by
the presence of emission lines to a greater degree than the B or V magni-
tudes.

The number of lines in the spectra of Fel and Fell increases toward
shorter wavelengths. These ions have already been found to produce most
of the emissién lines in T Tauri spectra. Strong ultraviolet continua
()38002) which may be the result of blending of emission lines seem to be
characteristic of T Tauri stars. This means that the actual shift in the
two color diagram is not a horizontal line but one of rgther large negative
slope. Furthermore, there is no reason to believe that the emission track
in the color magnitude diagram is a horizontal line. Better coﬁcurrént
photometry will aid greatly in the determination of the slope of the emis-
‘sion track in the color magnitude diagram. The élope can be found only
when the U magnitude correction is measured. This is not poséible photo-
graphically. From the discussions at the beginning of.Chapter IV, the

photometric method seems to offer no better possibility.
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The nature of the continua of FW Aur and T Tau is revealed in
Fig's. 13 and 1L where the normzlized log I are plotted against wave-
length as dotted curves for program starse. Codel's standord star continua
are represented by solid curves. It should be stressed that the variable
star continua are not corrected for space réddening. There are a number
of important facts revealed by this series of plots. Cne immediateiy
obvious conclusion is that the variable star curves behave in an irregular
Tashion, exhibiting a number of bumps and troughs. The most reasonable
explanation for this phenomenon includes a combination of effects: wun-
resolved emission in addition to masking of the underlying continuum by
partial blending of lines. One very large hump occurs at approximately
A 5000 and is common to nearly all variable star spectra. ZExtreme

crowding of emission lines occurs over this range. It is interesting to
note that a similar hump appears in the same region in the continuum
curves of the T Tauri stars LHe« 22 and VY Ori (Bohm (1958)). Both these
stars show an unusually strong ultraviolet continuum (36008 < A < 38008);
: thé existence of this iatter property is not detectable on plates of the
T Tauri stars in the present program. DMany T Tauri stars show conspic=
uous veiling in the photographic region (the "blue continuum'") which
Herbig (1958) attributes to extreme crowding of a great number of weak
emission lines. The hypothesis is supported by the notable absence of
ail underlying absorption features and by the correlation of strong
emission line activity with a brightcning of the continuum. This feature
appears-mosﬁ exaggerated on plates 25, 232, and 2L0O of T Tau and on

25, 26, and 28 of RW Aur. All three of these plates for RW Aur and two
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of the three for T Tau yield tne largest values of 5 3 this zagrees
with the suggestion of Herbig. If the blue continuum is due to un-
resolved emission, the corrections to the observed continuum colors
should be even laréer than previously believed. TFor example, if the
contiﬁuum of T Tau on plate 25 is smoothed by elmininating this hump
in the photographic region the emission track increases by TOé to

Cg = OTlB. Tracks as long as one quarter of.a magnitude may exist
in some cases.

In some spectra after line emission has been removed (T Tau 232,
236, 237, 2L0O; RW Aur 23, 25, 240) one notes a very slight rise in
intensity centered about A 6000, No previous mention has been made of
this in the literature but if it is due to unresolved emission, its
effects upon (B—V)c will scarcely amount to U0l as it lies in a region
of rather low V filter transparencyo.

Since the continuum color, (B—V)C is affected by space redden-~
ing and the spectral type as determined from the absorption lines is not,
one is afforded a means of determining the approximate magnitude of the
space reddening for the program stars. Adopting B-V = +0.,67, as the
unreddened continuum color corresponding to Joy's (1960) classification
and assuming the mean of all (B~V)c values to represent the space

reddened colors, E is found to be 0,46 for T Tau and zero for RW Aur.

B~V
This is in excellent agreement with previous determinations. The mean
value Ep_y = 0.30 has been adopted in many investigabions of the Taurus-

Auriga dark cloud in the past (see Chapter I). The amount of space



2k3

reddening for RW Aur, however,_has long been suspected of being small
or nonexisteﬁt (Joy (1945)), particularly since no obscuring material
is observed in the immediate vicinity. The usual surrounding nebulosity
is notably absént in direct photographs -of thié star.

The T Tau continuum curves, before being corrected, resemble
that of the K5V standard; this is especlally true on the earlier plates.
Significant changes appear to have taken place betwecen the late 1963
aﬁd early 1965 observations. T Tauri appearé bluer on plates 236 and
2L0. The conbinuum of RW Aur is much moré difficult to match with those
" of the standards because it is even more erratic bﬁt the general indica-
tion is that <the speéﬁral type inferred from the.shape of the continuun
is earlier than that of T Tau in spite of space reddehing. It woulc be
informative to attempt to assign MK types to these stars on‘the basis of
continuum color. Table 20 lists for each specirum the MK type as determined
from (B~V),, referred to as Sp=f((B-V);), Arp's (1958) table has been
employed for this purpose. The correction Eg_y = 0.L6 has been applied
to the T Tauri colors vefore the spectral type was determined. For T
Tau the continuum color determinations give a range of spectral types
between F7 and KO with a mean of &bout G5; for REW Aur a range of FO-G8
in spectral typcs is observed with the mean at abproximately 78. Assuming
the variables to be main sequence stars and assuming changes in»thé
continua as well as fhe continua themselves to be of a thermal nature,
"the corresponding effective surface temperature range is 6300~5100°K for

T Tau and 7600-5300°K for BW Aurs



Table 20 Spectral Types of T Tauri Variables

Gbject Plate No. ' So=f ((B-V) :)
R/ Aur 23 G5
25 7
26 GO
28 G8
232 5
236 ‘ FO
200 75
mean : T8
T Tau 25 G2
28 KO
232 G8
236 Go
237 Y
240 ' F7
22 G8

mean » G5



2L5
Chapter VI Summary and Final Discussion

The principal aim of this work has been.to interpret the effect
of line emission upcon the B-V colors of T Tauri objects. The programn
is intended to determine (a) the "emission-tracks", as contrasted to
the reddening or blanketing tracks in the case of absorption effects,
in the UBV diagram and (b) the energy distribution in the continuum
after correction for the presence of emission., The spectral types of
the T Tauri»class are generally regarded to be of types GO-KS5. One
should therefore find that the corrected continua agree with the abso-
lute energy distribution curves for main-sequence stars as published
by Code (1960).

In preparation for this work, the author obtained an extensive
series of plates from tne Mount Wilson Observatory through the assistance
of Dr. A, He Joy. These included some of the objects for which he has
published Spéctra (Joy (19L5)). A preliminary study of these plates
indicated that significant corrections to the measured colors for the
presence of emission are found for nearly all objects. + mast be
admitted that the study of these older spectrograms in which the cali-
bration is to somé extent open to uncertainties must be acéorded low
weight even though the effect seems to be too large to explain in this
manner. GCne possibility to explain the discrepancy is the presence of
many faint and unresolved emission lines, especially in the region of

>\4200—hh002. Low dispersion spectra (2h0ﬁ/mm) of two bright T Tauri
stars, T Téu and RW Aur, were obtained with the 36-inch telescope of

the Steward Observatory. TFrom microdensitometer tracings of these
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spectra two B-V colors were computed:
1) The color (B-V)c of the cqptinuum devoid of emicsion lines,
2) The coler (B-V)Cl of the continuum with the emission lines
inclucded.
The latter color was compared with the photometric B-V color observed
at the time the spectra were taken.
The reduction program is a laborious one principally because of
problems encountered in the photographic reductions.
A Dbrief outline of the method employed to obtain true UBV mage-
nituces follows:
1. The basic format adopted involves the observations of
(1) the program star, for example T Tau; (2) an AQV
standard star, for example G Lyr, which can be assuned
as representative of the Code standard energy distribution
for an ACV star; (3) a GOV star, for example HD15721lL;
(L) an F9V star, for example HD1L2373; end (5) a G1V star,
for example HD160269, tc represent standard stars whose
continua presumably are close to that expected for T Taus
(6) a wavélength comparison, Fe for the wide spectral
sensitivity of the 103a-F plate (3500-68C0F with the
Steward instruments); (7) a multi-step tungsten lamp come
parison spectrum is normally placed on the plate at
opposite sides of the above spectra. In this progranm,
however, this problem is circurmvented by taking the spectrum

of a Code (1960) standard, whose intensity distribution is
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already lknown, through ihe step wedge,
Simultanecus UDV neasures and spectra of geveral T Tauri
objects were required, the former with the Kitt Peak 1lé-inch
telescope and the 2l-inch telescope at the Catalina Station”
(Lunar and Planetary Laboratory), the latter with the 36~inch
telescope at the Kitt Peak Cbserving Station.
The wavelengtn distribution of the flux emitted by the Code
standard star at several intensity increments, is used to
cbtain the characteristic curve and tne wavelength sensitiv-
ity for the plate.

This information yields a set of corrections toc be applied

~to the observed stellar spectra to cbtain absolute intensities

for both the continuum and emission features,

Those portions of the aréa under the stellar curve which fall
within the UBV passbands are numerically integrated using the
known transmission functions for these passbands. Thus, one
obtains "“synthetic! UBV magnitudes for the stellar body after
determination of the transformation eguation throu%g_use of
the AOV star.

The measured UBV magnitudes are then compared with those com-
puted to determire the effect of emission lines in altering
the positions of the objects in the color magnitude and two-
color diagrams.

Cne can obltain an indcpendent evaluation of the effect on the

UBV magnitudes from the emission lines by reducing the observed
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line intensities in the manner of step 5. If proper evaluation
cf cach step in the reduction hes occurred, the line plus
continuum color and tne observed‘photometric color will agree.
This procedure, therefore, provides a valuable &rosscheck.

A nurber of unexpected correction factors had to be considered in
the reduction of the observations:

1) When the step wedge consisted of multiple layers of neutral

density filters, congiderable light loss was found to occur.

This was remedied by employilng single filter layers sas

2) The quoted Wratten ncutral filter densities were found %o
be erroncous; there occurs an apparent wavelengtn depend-
ence of filtier transmission. Tihis correction was determined
instrumzntally and applied in the progran.

3) The characteristic curve of the 1C3a~-F photograchic plate
varies considerably with wavelength., Characteristic curves
were computed at SOOE intervals over the range of the visible
spectrum. Tor wavelength regions lying between two computed
curves interpolation was used to obtain the invtensity.

L) Employing a Code standard in place of a tungsten lamp vastly
simplifies the reduction procedure because it effectively
places the “laboratory reference source" outside the -atmos-
phere. This entirely eliminates the atmospheric extinction
correction if the Code standard and the T Tauri star are

observed at the game air mass. When the air masses of the
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two are not the same a small differential extinction correcition
1l necessary.

The prcsent'method has the distinct advantage that it treats each
emission feature separately. The flux emitted by cvery resclvable
feature 1is numeriéally integrated into the B-V color, There is no
question that the multitude of photographic corrections have been prop-
erly assecced. The methoc is accurate enough to predict the B~V colors
of standerd stars towithin + «01€ p.e. Simultaneous photometric
colors of the T Tauri variables should agree with those computed from
the spectra., This provides a seccnd test of the validity of the
spectroscopic metnod. Complications enter, however, because of the
extrenely rapid variations in light cycle and continuum color coupled
with the long exposure times required to obtain a spectrum. Turing a
sirngle two hour exposure the B~V color determined photometrically was
found to vary by up to 0%10. The photographic process places scvere
limits on the vechnique., Since the number of low eicitation Fe, Ti,
and Cr lines common to these spectra increase toward the ultraviolet,
the U-B color also needs to be corrected. The emission tracks in the
two color diagram afe not really lines of constant U-B but probebly
slope downward and to the right. The correction to the U magnitude
simply cannot.be done photographically.

The principal reéult of this work is that the compubed emission
line flux masks the truc B-V colcr of T Tauri objects by up to 0415,
The parameter J , cefined as inc difference between the line free

color and the color with line emissicn contributions included, varies
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between 0706 and 0515 (mean = 091l) for RW Aur and between 070T<and<O. Lk
(mean = 0?10) for T Tau. If one were to include the unresolved emission
lines in the B region the bluing effect would be even more pronounced.
Redder continuum color seems to be assoclated with iarge values afs.
"Emission tracks" drawn in the color magnitude and two color diagrams
vividly illustrate the magnitude of the line emission correction. The
shift toward the right in the color magnitude diagram.caused by removal
of the emlssion lines doubles the distances of these stars from the main
sequence; this can be interpreted to mean that these obJects are as much
as 20% younger than previously believed; the correspending change L log
Te is .OWT for T Tau, .068 for RW Aur.

The most recent spéctral type assigned to both progrem stars is
G5Ve (Joy (1960)) but estimates have ranged from G2 to G8. Spectral classi-
fication is extremely difficult in this class of variables for two reasons:

1) The absorpfion lines are obscured by numerous emission lines
showing complicated structure.
2) The absorption lines are wide and diffuse.

The wide band photometry included in this work shows O.SO<B-V<O.6Q
for RW Aur, 1.00¢B-V<1,17 for T Tau. These correspond, respectively, to
the spectral type ranges F7-00 and K3-K5.

Space reddening affects the B-V continuum color but not the color
determined from sbsorption spectra. This affords an approximate means of
determing the space reddening in the vicinity of these stars. Adopting
" the B-V color corresponding to spectral type G5V one finds By v~ 0.46 for

T Tau. The space reddening is essentially zero in the vicinity of RW Aur.
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There is good agreement with previous work on this problem. RW Aur has no
surrounding obscuring nebula as do most other T Tauri stars. Space redden-
ing in its vicinity has long been suspected of being small. Previous esti-
mates of EB-VP 0.30 have been given by Herbig (1962) for the Taurus dark
cloud. A "continuum classification type" can be obtained by comparing the
wavelength distribution of the continuum of the T Tauri star with that of
a Code standard provided the space reddening correction is applied, The
continuum spectral type for T Tau redetermined after correction for space
reddening falls in the range GO-KO. The effective surface temperatures
corresponding to the range of types for each star are:

5300 - 7600°K for RW Aur (Spectral class mean at F'8)

5100 - 6300%K for T Tau (Spectral class mean at GS5)

Due to the detalled reduction procedure employed in this work, it
is necessary to sacrifice large numbers of information elements for the
sake of high accuracy. Smak (1964) made use of a filter which is trans-
parent to a region containing relatively few emission lines (h300<)<51003).
He is able to set up a relatively free color base,B -V (the79 filter con-

sists of 2mm. BGl2 + 2mm. GG3 4+ lmm. Corning 3387) Smak's photometric
method is extremely useful for compiling vast amounts of data. The low
dispersion Steward spectrogrems, however, reveal that more than twenty
strong emission features exist in the region of B filter transparency.
Substitution of the 8 filfer for the wide band B filter solves only part
of the problem. For Steward Observatory Plate No. 28 of RW Aur, the ratio
- of emission line to continuum flux in the B passband is 26%. The same ratio
in the # passband is 21%. Indeed no filter exists which is completely

blind to line emission in these stars. A glance at any of Joy's
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early spectrograms or Fige. 1 of this text confirms this statemente.

The problem of emission line identification is complicated by
a number of effects:

1) Extreme crowding of lines occurs in all active T Tauri spectra,

2) The ultraviolet and blue regions of the spectra contain
strong emission continua.

3) It has been necessary to use low dispersion equipment in
order to limit exposure times on the 36-inch instrument to about
three hours.

In gpite of these complications 56 emission features are observed
over the region of 103a~F plate transparency. Two thirds of these
features lie between Call H and X and H@ and arise from low levels
of excitation in the metals. Neutral and singly ionized iron con=-
tribute a majority. Some fluorescence is observed to occur in both
stars. FeIl A L063, L132 (43) appear strengthened relative to the
other members of (L3). Population of the upper 3F level for these
transitions probably occurs through-the action of the wide CaIl
3968.5 emission line upon A 3969.3 (Herbig (1945)). FeT LL15.1 (L1)
and FeI 4271.8 (L2) are also abnormally strong but there appears to
be no chance coincidence of level separations which can act as a
source of supply to the upper 5G3° and 3G5° levels where these
transitions originate. It seems clear, for a number of reasons,
that excitation cﬁnditions in the T Tauri atmosbhere exceed those of
the solar chromosphere:

1) The easily produced SrII resonance lines are strong in the
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6hromosphere, weak in.T Taurie.

2) TilII predominates over FeIl in the chromosphere but not in
T Tauri spectra.

3) CrI lines are weak in T Tauri, strong in the chromosphere.

Although the basic aim of this research has been to determine
the true significance of the T Tauri emission line problem in a manner
previously untried, the project is certain to open up new areas of
investigation concerning these and related objects.

The same type of investigation might also be applied to Herbig-
Haro objects, dense clots of nebulosity which could very well exemp-
1ify the stellar birth process itself. These objects have been closely
associated with the T Tauri stars not only because of certain spectral
similarities but also because of their proximity to them in space.

The method as employed here is accurate enough to be tried in
Herbig's (1958) suggestion of a location study of T Taﬁri variables.
Since the parameter-é constitutes an operational definition of Herbig's
degree of advancement of T Tauri line spectra, it can Be particularly
useful since the spectra of summer and winter Mjlky Way T Tauri objects
are quite different., The variation of this parameter and of continuum
‘color itself is not completely understood. Will the correlations
observed for the paucity of stars in this study obtain in other regions
of the Galaxy? |

| The blue continuum and the hypothesis that it is constituted of
line emission must be further studied. The ultraviolet continuum and

the effect of this and line emission upon U-B color has been completely
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neglected., The author hopes to initiate a "location study" which will
be conducted in thé following succeeding steps:

1. Investigate, by means of low dispersion spectroscopy, stars
in the neighborhood of previously observed T Tauri stars in order to
determine whether this region is as populous as the Taurus dark cloud
region. Selection of stars for observation on the basis of association
with dark clouds can be decided with the aid of the Palomar Sky Atlas.

2« Select the brightest stars and éxamine them with a high dis-
persion Cassegrain spectrograph {0 determine whether the continua are
the same as those in the Taurus region, and to determine whether the
over=all emission line charactéristics are the same as those in the
Taurus regione.

3. Correct the B-V color for effects due to emission lines by the
same method used in the present T Tauri investigation. Determine the
manner in which & s (B=V),, and the intensity of the blue continuum
Varye

L. Perform UBV photometry on the bright stars in order to deter-
mine the nature of the light curve as a function of position. The
Bootes region is particulsrly interesting since we have here a high
galactic latitude region containing stars with the low excitation
spectrum that is so characteristic of T Tauri wvariables,

Observations of the Taurus region, . though by no means exhausted,

are relatively mare abundant. A three or four week consecutive
observing run on these objects is something which has never been

initiated to the author's knowledge. However, it is quite necessary
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considéring the importénce we attach to this class of variables.
Perhaps direct scanning spectrophotometry can be employed in future
endeavors. This should lead to considerable improvements in the
reduction program.
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JUSEFUL TABLES

L



Colibrated Density vs Wavelength of Vratten Filters

Table Al

. T=2,5% T=3,28  T=5.37 T=6,3%  T=10% T=12,67 T=25.1% T=25,1% T=50}
NR)A=1,040.6  d=5x0.3 d=2%0,5 d=lx0,3 d=1.0 d=3x0.3 d=0,6 d=2x0.3  d=0.3
3400 <o oa 2,523 2,669  1.770  1.770 1.050 1142 562
3600 3,000 2.699 1.559 2,046  1.509 1,481 3 962 R0
3800 2,699 2.398 1,770 1.796 1.387 1.319 857 883 1129
LOo0O 2,301 2.097 1,658 1.578 1.284 1,229 $ 799 P12 «396
4200 2.046 1.959  1.538 1.552 1.187  1.16 750 759 W3M
LLCO 1,959 1.796  1.458 1402 1,136 1.08% 719 05 L3
L1600 1.8k 1.7h5 1397 L.387 1,057 1.036 629 95 4335
Le0c 1,796 1.678  1.3L7 1,337  1.065 1,00k JEET G567 4328
000  1.7hS 1.520 1.328 1.292 1.0L6 2970 651 o Blihy 311
5200 1,721 1.402  1.310 1,28,  1.031 .950 Al 632 305
5HOO  1,£99 1,595  1.301 1,276 1,022 950 NS .032  .308
5600 1.699 1.585 1,301 1,268 1.007 950 JAL8 632 .310
5800 1.699 1552 1,292 1,229 1,013 928 ae 620 4303
6000 1,578 1.523 1.250 1.21 1,000 506 522 JE06. L2978
6200 1.499 1.569 1.276 1.24  1.022 932 632 622 ,30L
6400  1.721 1.620 1.319 1.23h 1,016 .95 Nahl 632 G312
6600 1,721 1.602 1.310 1.276 1.0L0 95k e 632 310
6300 1,721 1.58¢ 1,310 1. 280 1.035 Sh3 640 L2717 +327

852
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Table A2

Extinction Curve for Kitt Peak (after Meinel (1962)).

bxtinction in bag's

A

3600 .63
3806 .53
000 6
1,200 10
LLoo ;37
L1600 3k
4800 .32
5000 . _ )
5200 27
51,00 , .25
5600 23
5800 .22
6000 .21
5200 <20
6L00 .19
6600 .18

6800 17




Table A3

The ¥itt Peak Differential Atmospheric Extinction Corrsciion

(loz k1{(}))

0.7

1.l

l.2

\Asscz, 0.1

3600 025
3800 021
1:009 018
1,200 016
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LEO2 01h_
L1620 013
~ g00 013"
5000 012
5200 011
o200 010
5600 | 007
ceon 000
6000 ~ 0C°

050

oli2

036

C32

N AWh)

029
028
027
025

023

020

175
17

126

200

118
114
109

102

275
231

163

300

252

Y LA

Ln

092



Ta%le 43

The Kitt Peal: Differentizl Atmosrheric IDxtinction Corrccltion

(log k{1))

) Assc 0.1 0,2 0.3 0 C.5 0.6 0,7 0,8 0.9 1.0 1.4

6200 coS 014 2 n32 OO Oh8  O%5 08 D72 030 0S8

L0 cc7 015 023 030 033 CLO 053 042 049 076 083

6600 037 01k o022 02z 235 Cl3 0 nTe 0YE 04D 072 75

6200 007 0k N2 027 o3 o1 ohe osh, 051 085 075
-1
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Thetovebtric Zensitivitr Corrcciion

Vavelanzbh(X) Llog Qg leg Gy

3600 - 0

330C - 884

LO0O - .027

11200 - 004

111400 - JCLb

1600 - .13l

1800 - 268 - e

5CC0 - ol - bl

5200 -~ B8 - 032 .
5L00 - =125 - 009
5600 e - 097
5800 - 229
5005 - .398
620 - 620
6LCO ~1.,000
6600 1,523

- 6600 - oo
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II. The Reduction Procedure--Illustrative Examples

This section illustrates the use of Tables 8 - 10 for obtaining

reduced relative intensities.

Example I.

To determine the relative intensity of the continuum as

viewed with the B filter at ALOOO in RW Aur (Plate No. 25).

A.

From table 9 for Plate No. 28 the strip chart reading of the
continum is 45.5 at %000R (Column 2).

The corresponding density from Fig. 2 is .312 (Column 3).

To obtain the unreduced relative intensity the density must
be entered along the ordinate of Fig. 3b. These curvcs have
been plotted from the ﬁéasured‘intensity increments obtained
with the step wedpge and listed in Table 8 for Plate No. 25.
The relative intensity correéponding tod= .312 is log I =
-1.239 (Column 4).

In Table 9 A secz - 054 for this star. This is the number
of differential air masses, RW Aur minus Code Standard for the
plate (4 Aur). Since Asecz is negative the zenith distance

of this star must be "effectively increased" in order to eli-

‘minate atmospheric extinction. This implies subtracting the

correction given in Table A3 (log k' (A) = .009). The relative
intensity corrected for differential atmospheric extinction is

1.248 (Column 5).

Thé relative intensity is normalized to .000 ap).hSOO and reads

~.13% (Column 6).
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F. The instrumental sensitivity correction is now applied.
‘From Table 9 for the calibration star of Plate No. 25, log S'
(A) = -.004k at A4000. Thus, log I is corrected to read -.138
(Colurm 7).
G. The logarithm of the transparency §f the B filter at MOOOR ig
found from Table Ak to be -.027. This is added to the figure
in Column 7 to give log I (B PHIM) = -.165 (Column 8).
H. The intensity corresponding to the logarithm =-.165 ié 684
(Column 10). This point is among those plotted vs wavelength,
The relative area under the curves log I (B PHTM) vs )\ and
log I (V PHTM) vs A is used to compute the "synthetic" (B~V)c
color, |
Example II. To determine the contribution to the observed B, V fluxes of
the CaIIl 3968 line in the spectrum of RW Aur Plate No. 25.
A, From Table 10 the chart recorder readings of the line center and
adjecent continuum are 2,2 and h8.5 respectively (Columns 2 and
3, Table 10).
B. From Fig. 2 the corresponding densities are .591 and .281 (Columns
L and 5).
C. TFrom Fig. 3b the relative intensities are -.933 and -.1284 (Columns
6 and 7).
D. The differénce between the relative intensities is .351 (Column 8).
E. Next the curves log I (B PHIM) vs™A and log I (V PHTM) vs A for
this star are consulted. The sum of the logaiithms, continuum

plus line, is .162 for the B filter (Column 9) and - for the
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V filter, since the latter is completely opaque at A3968.
The relative intensity at the line center is the antiloparitim
of .162 or 1.k52. This quantity is not recorded in the line
analysis tables. The next quantity To be recorded is the dif-
ference of relative intensities, line center minus adjacent con-
tinuum. The intensity of the adjacent convinuum from a plot of
I (BVPHTM) vsA (Table 9) is .O47. The difference 1.452 minus
L647 is .805 (Colunn 11').
The measured width of the rectangular CaH profile on the
microdensitometer tracing is 148 (Column 13).
The product of line minus continuuﬁ intensity and line width is
805 x 1k = 10.8 ] x relative intensity units (Colurm 14). This
quantity 1s added to the sum of all line contributions in the B
passband. The final total is added to the area under the I (B
PHIM) vs A curve for the continuum., From Table 11 it is seen
that Call H is one of 30 lines contributing to the B magnitude.
These lines produce a total flux 13.8% as strong as the continuum

and alter the B-V color from 1.1l to 0.99.
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