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Abstract 

An exact method has "been developed to determine the influence of 

line emission upon the UBV colors of the T Tauri objects T Tau and HW Aur. 

Calibrated spectra of these objects were obtained using the Steward Obser­

vatory 36-inch telescope and nebular spectrograph. These spectra were 

corrected for various extraneous effects and.two colors were computed 

from microdensitometer traces of each spectrum: l) 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, 

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

line emission parameter, shows apparent variations between 0™07 and 0™lU 

for T Tau and between 0^06 and 0^15 for HW Aur, with some apparent depend­

ence upon continuum color. The line emission parameter shifts the position 

of both stars to the right in the log L/l»0, log Te diagram; this can be 

interpreted as a correction to the contraction age of up to 20$. 

This method of computing colors for emission is demonstrated to 

be more accurate than that of SmaJc (196U) who uses photometry only. The 

method employed in the present study is, however, quite laborious due to 

the problems introduced by the non-linearities of the photographic process. 

Since unresolved line emission is almost certain to be present in 

ix 



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 spectrum 

vhere many metals lines 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-G0 to RW Aur. 



I. Introduction 

T Tauri stars are objects of low luminosity having emission 

spectra consisting principally of lines due to Fel, Fell, Til, Till, 

Call H and K, as well as the Balmer Series of hydrogen lines. The 

emission Bpectrum overlies a weak late-type Fraunhofer spectrum. All 

T Tauri objects exhibit irregular variations in brightness as well as 

in spectrum. The association 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 

4063, 4132. 

(3) The presence (though not always) of the emission lines 

SII 4068, 4076. 

Since the classic paper of Joy (19^5), in which these peculiar 

objects were first described, the T Tauri stars have been a center of 

attention for those who are concerned with the earliest stages of 

stellar evolution. The intimate association of these objects with 

nebulosity suggests that these stars recently formed out of the gaseous 

nebulae with which they are associated. One can also interpret them as 

1 
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older field 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 (19^8), (1950), Herbig (19^8), Struve and Rudkjbing (19^9), 

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 any evidence, spectroscopic or otherwise, 

that these passing stars are accreting any of the surrounding medium. 

If anything, radial velocity measurements of the lines of the emission 

spectrum relative to the absorption spectrum indicate ejection, rather 

than accretion of material. Kuhi (1964) has successfully fitted T Tauri 

Call H and K line profiles to those computed from a spherically symmetric 

radially expanding envelope. Statistical arguments based upon data re­

garding the frequency of occurrence of emission stars in the Taurus dark 

clouds (Joy (19^5), (19^9)J Haro et al (1953)) have resulted in the 
.r 

conclusion that the random collision of field stars with clouds can account 

for but one-tenth the number of T Tauri stars present in the clouds. In 

some places, one observes a clumping of emission objects near brighter 

early type stars, a quite unrealistic type of behavior for randomly 

scattered field stars. 
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As is often the case when the underlying physical process 

required to explain a particular phenomenon is not understood, one 

must resort to empirical means in order to treat the subject. Thus 

a classification scheme of the entire dwarf variable star group has 

been set up try Joy (i960). He divides all dwarf variables into throe 

groups. 

Group I: Rapid Irregular Variables 

Group II: UV Ceti Flare Stars 

Group III: SS Cygni Variables 

His first group is broken down into four subgroups on 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 llU members, 

Herbig (1962) has presented the most complete list of T Tauri and related 

objects. His table includes 126 members and near-members of the class. 

Many of the stars in Herbig's table 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 tabLe only eight exhibit what he calls the advanced T Tauri 

spectrum, characterized by strong H, Gall, and many lines due to other 

metals in emission. Twenty-three others exhibit a less advanced version 

of the type spectrum, the bright lines appearing somewhat fainter. On 

the other hand, twenty-nine of the stars he lists show either emission 

at HoConly or emission at HoCin addition to very weak emission in the 

photographic region. To these he attaches the name T Tauri-like stars, 
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emission. Twenty-three others exhibit a less advanced version of the 

type spectrum, the bright lines appearing somewhat fainter. On the other 

hand, twenty-nine of the stars he lists show either emission at HoC only 

or emission at Hoc in addition to very weak emission in the photographic 

region. To these he attaches the name T Tauri-like stars, which is de­

signed also to include some of the earlier type emission stars. 

Still another property exhibited by most of the T Tauri variables 

which have been investigated in some detail is 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 Bpectrum of the ultraviolet stars LHoC 22 and VY Ori, 

neither of which, curiously enough, is listed in Herbig's catalog of 

T Tauri and T Tauri-like stars. For S^OO^X^ 5000& the continua appear 

the 6ame as that of a K dwarf but a steep increase in continuum intensity 

sets in below 38OO&, much too steep to be accounted for in terms of hot-

spot black body emission on portions of the surfaces of these stars. 

Bohm believes the only explanation for the rise to be due to unseparated 

Balmer 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 is 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 
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energy to the spectrum of many of the faint T Tauri stars in the Orion 

region, though for unknown reasons it appears weak or absent in the 

nearer stars. The peaks of intensity occur at about 3700X. 

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 with respect to the Sun 

by a factor of 100, Lil ̂  6707 was noted in the spectra of T Tau and RY 

Tau by Hunger (1957)- Bonsack and Greenstein (l$60) and Bonsack (1961) 

secured observations of twelve other T Tauri stars with the 200-inch 

telescop; the Li line was present in all their spectra. These authors 

favor surface nuclear reactions as a 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 emission lines are superimposed upon the underlying 

continuous spectrum. Magnitudes 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 proposing in this paper a program for the determina­

tion of the effect of these emission lines upon the measured B and V 

magnitudes. ThiB 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 G0-K5. One should therefore find that the corrected continua 

agree vith the absolute energy distribution curves for main sequence 



stars as published "by Code (i960). 

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 indicated that when one corrects KW 

Avar for the presence of the emission lines the resulting continuum does 

not appear to be that for a normal main-sequence star. The reason for 

this discrepancy is not currently known, however, the extension of this 

study to a wider spectral region and to other objects should permit a 

deeper insight to be obtained 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 line problem has been investigated in the past by 

Varsavsky (i960) and more recently by Smak (196^). Varsavsky compared 

his measurements of the B-V color of several T Tauri variables with Joy's 

(19^9) 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 0™8 

bluer than that for main sequence stars of the seune spectral type. 

Varsavsky proposed that at least part of the discrepancy between the Te^ 

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 



very difficult to classify owing to the multitude of emission lines vhich 

overlie the diffuse absorption features. Furthermore, there is no evidence 

to support the hypothesis 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 Call, H and K. Of 

these, the B filter is highly transparent to HV and and less trans­

parent to the remaining lines. Observations with the V filter, however, 

are affected only slightly by the presence of Hot and Hp (The V filter 

transparency is 10$ at Hp and 5$ at Hot) and not at all by the remaining 

lines. 

Smak (1964) has devised his own photometric system containing an 

"emission free" color index, -0-V; the "3 filter combination is transparent 

between HV and while V is the V magnitude of the UBV system. He has 

evaluated the emission line effect by comparing the color indices B-V and 

^3 -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 'id -V relationship for 

normal main sequence stars 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, however, is not possible, since many Fel 

and Fell lines exist in the range in which the "23 filter is transparent. 

This is especially true in the spectra of such advanced T Tauri stars as 

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



color of the continuum devoid of all emission lines, and the observed B-V 

color. In this paper an attempt vill be made to compute the true continuum 

color as well as the"J6 -V color for one or two cases in order to determine 

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



II, Method of Investigation 

The observations for this program consist of spectra widened 

to 60S taken on 103a-E and 103a-F plates of the program stars T Tau 

and EW Aur together with those of standard late type dwarfs. Miscel­

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 assortment of neutral 

density filters. Preliminary spectroscopic observations were taken on 

I963 °ct. 10 - 18 with the f/0.8 nebular spectrograph attached to the 

36-inch telescope at the University of Arizona's Kitt Feak Observing 

Station. Low dispersion (25oS/ran) 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 appreciable 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 21-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. 

The preliminary spectroscopic observations utilized a step wedge 

composed of multiple stacks (up to five layers) of a neutral filter of 

density 0.30, A more nearly exact set of observations was obtained dur­

ing the period 1965 Jan. 1 - Feb. 19 with a step wedge consisting of 
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single layers of filters of different density. The alteration in the 

step wedge was necessaiy 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, I1, 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 a stack of n filters with 0<n<£. 

Table 1 Intensity Losses in Filter Stack 

Number of Filters l/l1 

0 1.000 

1 1.000 

2 0.9S5 

3 0.871 

h 0.79b 

5 0,675 

One must either take this correction into account or, as has 

been done in the observations of I96I4. July 26 - 28 and 1965 Jan. 1 -

Fob. 19, employ single thickness. The densities of VJratten neutral 

filters used in the step wedge for the 196U-5 observations are quoted 

in Table 2# 
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Table 2. Densities of Eliters 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 wavelength 

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 uncommon. The table lists the quoted Wratten density 

and the corresponding transmission at the top of each column. Where mul­

tiple layers 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 !?0& in wavelength. 
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Ten or a dozen such patterns were found on at least six tracings of 

different filters. Evidently the microscopic structure of these filters 

is producing an interference pattern. 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 the 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 necessaiy to contain the normal image under good seeing condi­

tions was employed in order to eliminate this source of error. In the 

f/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 to 

obtain relative intensity as a function of wavelength from the tracings 

of the spectra. Tracings were taken with the Jarrell Ash microdensitometer 

and Bristol recorder of Colgate University 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 ( X), recorder chart readings for 

the continua as a function of wavelength, were tabulated at 2002 intervals 



-in the range 3^00 - 6800.&. 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 7. 

Chart readings (which are on a logarithmic scale) may be converted 

into 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 8 x-y, where x is the chart reading corresponding to trans­

mission through an infinitely dense neutral filter and y is that vhich 

corresponds to transmission through one of zero density; then one may set 

up a scale of recorder readings, C, corresponding to plate densities, d, 

according to the expression 

A 
antilog d + ^ 

Fig. 2 illustrates the C vs d curve for all plates. A single curve has 

been made possible for all plates by letting C = 0 for zero transmission 

and C » for full transmission on each plate. 

In order to obtain the change of relative intensity with apparent 

density on the photographic plate, one must have some knowledge of the 

characteristic curve of the plate. This data is obtainable 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 axe given directly by the readings, C, 

converted to densities through use of Fig. 2. The actual diminution in 

log I between successively fainter spectra is known from the quantities 
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listed in the Appendix in Table Al. Ideally there is found to exist an 

infinity of d=f (logl) relationships. In the reduction program, char­

acteristic curves have "been determined at £ooX intervals in the range 

3̂ 0oS< \<6500ft. These are shown in Fig's, 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 Pig. 2 and one of the appropriate Fig's. 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 long, the density produced may be markedly differ­

ent even though the product of intensity and time remains const,ant. For 

the density produced on photographic materials, therefore, there is a 

failure in the true reciprocity of time and intensity. The reciprocity 

failure of a material can simply be determined by exposing .various por­

tions of n. strip of material to a constant intensity with exposure time 

increased by the same ratio. Repeating the experiment using only half 

the intensity but twice the exposure of the corresponding one in the 

previous experiment, one .finds 1 it tie change in the densities of corre­

sponding steps. But by giving 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 they are even 
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necessary. Since the ratio of the longest to the shortest exposure 

times used in the program is only IS 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 continua (Chapter V) will attest, such a set of experiments is 

indeed not necessaxy. 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 too small 

a magnitude to be discussed relative to such major problems as strip 

chart readability errors and variation in the shape of the character­

istic curve with wavelength. 

It is important to know the magnitude of the error resulting in 

the determination of logl from readability errors, AC. As one ap­

proaches the fog level of the plate, random noise is more readily de-

tectablej 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 Plato 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 \ => L̂ OO. These 

errors seem to imply that one should stay away from the top portions 

of the S-shaped characteristic curves. Although errors A C are small 

here, the steepest portion of the f (C,d) curve is utilized. A large 

error /id, is the result. This problem is easily remedied by refraining 



from overexposing any spectrum. But "underexposure is also a serious 

problem since the values of logl for portions of the spectrum near 

the fog level of the plate are subjected to large errors as a direct 

consequence of large errors AC. Along the so—called unity-gamma, or 

straight portion of the characteristic carve, a compromise is reached, 

whereby the errors, AlogI, are minimized. Quality control is of vital 

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

Table 3 Effects of Readability Error Upon the Continuum 

(Plate No. 28) 

c AC Ad AlogI 

05.0 00.1 .010 .008 

10.0 00.2 .006 .006 

20.0 00.3 .006 .006 

30.0 00. k .005 .007 

liO.O oo.5 .005 .008 

50.0 00.7 .006 .009 

60.0 00.? .006 .010 

70.0 01.1 .006 .013 

80.0 01.5 .009 .030 

In the variable star spectra, ho-,-/ever, one encounters the problem of 

having to slightly overexpose the blue continuum region and associated 

emission lines to record the visible region of the spectrum around \5200 

wherein F plates are least sensitive. This problem cannot be remedied 

by choosing plates of more uniform sensitivity since a wavelength base 

is necessary which covers the region from H and K to Hotj a photographic 

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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All correction factors considered thus far are of secondary 

importance when compared to those -which we now consider. Let I ( X) 

represent the true monochromatic intensity emitted by a star and I ( X) 

that observed on the photographic plate. These quantities are related 

by the expression 

I( X)=a(X )k( X)s( X)I0( X) 

where 

a(X )=the correction factor for the interstellar medium 

(the inverse transmission coefficient of the inter­

stellar medium). 

k( X)=the correction factor for the terrestrial atmosphere 

(the inverse transmission coefficient of the terres­

trial atmosphere). 

s( X)=the instrumental correction factor 

(the inverse transmission coefficient of plate and 

optics). 

Each of these corrections must be applied to the readings I ( X) obtained 

with the microdensitometei' in order to obtain the quantities l( X ). Such 

computations are straightforward but lengthy. Employing logarithmic nota­

tion, however, has greatly reduced the tir.ie required 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( X) 

and k ( X) are not separately 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 t>) 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 

vused with regard to the correction factors: k'(X) will be defined as 

the correction mentioned in b) above and s'(A) that mentioned in a); thus 

s(A)k(X) a s'(A)k'(a). 

A. The differential extinction correction k*(X) 

This correction plays a relatively minor role in altering the 

appearance of the function IQ(>). Meinel (19&3) ̂ as determined the extinc­

tion in magnitudes as a function of wavelength in the region 3600<\<6^00 

for the atmosphere above Kitt Peak during i960 March - June (Table A2). 

His extinction curve may be converted into a conveniently useful table 

(Table A3) giving log k'(X) at 200& 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 lor;Io(X) 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) 

Where one has usually employed a tungsten lamp as a source of 

determining this correction factor, the author has chosen to employ one 

or more of Code's (i960) standard stars whose continua are known. The 

principal reasons for this choice are that a) one encounters great diffi­

culty determining the temperature and temperature variation of a built-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 (i960) standard stars (Table 4) have been utilized in 

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

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

Name oi V B_: 1 

TC^Ori 04:47.1 +06:53 3. 16 +0. 46 F6v 

4 Aur* 04:55-9 +37:^9 5. 0 A0V 

V Gem* 06:34.8 +16:27 1. 95 AO IV 

^ Gem 07:25.9 +31:53 4. 16 +0 • 31 F0V 

TjUMa 13:45.6 +49:34 1. 91 -0. 23 B3V 

oC CrB* 15:33.1 . +26.53 2. 3 A0V 

oL Lyr 18:35.6 +38:45 0. 03 0. 00 A0V 

16 Cyg A 19:40.5 +50:24 5. 96 +10 • 64 G2V 

& Cyg 19:^3.4 +45:00 3-,00 B9.5HI 

*Not a Code standard. 

Use of the continuum of oC Lyx 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(l/?0 are defined by Code in vave 

number notation: 

m(l/*) = -2.5 log 

where F(l/>) is the area under the I vs ̂  curve in a pass band centered at 

vavelength X , and P(l.8o) is that centered at 1.80The vidth of the 

latter pass band is given as loX. Code has chosen pass band centers vhich 

are least affected by line absorption. Since the spectrograph 
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integrates light over equal wavelength and not wave number intervals, 

one is required to convert Code's monochromatic magnitudes, which are 

quoted in Table $3 into a more useful form. Since wave number intervals 

are related to wavelength intervals by 

dX dV = —75 

, dV (1.80) dX (l.fo) X2 .„p ,, o„ -1\2 X2 
„e have x̂ ̂ - 10X 3: (1.80̂  ) -jj 

A. 

But since —(l»-'0) _ -t_ j.-ao rir,:3̂ bo.rid width at wavelengthXin units of a v ' -

that at 1.80̂ ?" may be found b/.- the relationship 

d\ = x 10S (1) 
(h )2 

•> . r/ 

Mo: r.ochror. atic I'a gnitu.de s ru(lA) 

Har̂ e sp/x(2) 3650 3360 UOljO 1|190 h5?o 5060 58io 6050 6670 

UMa B3V +0.05 -0.29 -0.37 -0.33 -0.28 -.12 + .08 +. 21 + .29 

cfoyg 39.5111 +0.86 -O.H4  -0.19 -0.16 -0.12 -.06 + .06 + .1I4 + .2I4 

ô Lyr AOV +1.0U -0.07 -0.19 -0.18 -0.1U -.06 + . 06 + .12 + .22 

 ̂Gem FOV +1. 2o +0.56 +0.36 +0.28 +0.1U + .09 +.03 + .03 +.0U 

X̂ Ori F6V +1.22 +0.79 +0.50 +0.H2  +0.22 +.11 -.03 -.02 -.00 

l6CygA 02.5V +1.52 +1.1+0 +0.33 +0.76 +0.39 + .19 -.05 -.07 -.15 

6lCygA K̂ V +3.13 +2.90 +2.03 +1.73 +0.73 + .53 -.20 -.25 -.Ut 

Code's monochromatic magnitudes were converted to relative intensities 

in passbands of equal wavelength, normalized to unity at l.BÔ i for all 

stars used in the program. The choice of l.BÔ T"*", which corresponds to 

5560°, as the normalization r>oint3 is particularly unsatisfactory for the 

spectra in this program since 2 and F plates are insensitive in this region. 
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A new normalization point was chosen which lies in a much more trans­

parent region at X h!?00. This necessitates a renormalization of Code's 

data. Thus, Table 6 gives the run of log I(X )-1o£:I(1j50oX) with X 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. I4 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'(X ) 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 

mentioned, requires rather definite knowledge about the temperature of 

the filament of that lamp and its dependence upon 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 of any 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 

plven in the Kodak Reference Handbook is depicted by the dotted curve in 

Fig. hi this curve has been raised above the others for ease in distinguish­

ing it from them. The spectrograph and telescope optics appear to transmit 
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Table 6 

Log Relative Intensity vs Wavelength for Standard Stars 

x(2) oCLyv v^UMa & Cyg -l^CycrA p Gem Tf^Ori 

3600 —Uio .057 -.I4OI4. -.232 -.610; -.292 -.223 

3800 .067 .11U .072 -.250 -.726 -.039 -.113 

Uooo .111 .1U6 .118 -.120 — U21 .009 -.009 

U200 .072 .072 .070 -.05U -.259 .013 -.001 

UUoo .02U .022 .022 -.018 -.065 .006 .000 

H5oo .000 .000 .000 .000 .000 .000 .000 

U600 -.025 -.025 -.022 .0U4 •060 -.008 -.001 

I4800 -.071 —.086 -.O6I4 • oiu .059 -.033 —01U 

5000 -.121 -.1U9 -.116 .008 .01*8 -.061; -.035 

5200 -.169 -.211 -.163 .002 .071 -.086 -.o5U 

5Uoo -.210 -.257 -.203 .003 .130 -.103 -.068 

5600 — 2U 9 -.31U — 2U7 .000 .191 -.122 -.082 

58oo -.306 -.37U -.299 -.03U .217 -.170 -.107 

6000 -.356 —.UL6 -.355 — 0U3 .208 -.201 -.138 

6200 -.U03 —U95 -.UoU 1 • 0
 

vn
. 

•P
* 

• 20U -.231 -.166 

6U00 -.UU5 -•535 —U5o -.071 .200 -.257 -.189 

6600 --U71 -.561 -.U83 —08U .198 -.285 -.203 

6800 —U99 -.583 -.502 -.121 .188 -.311 -.210 
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almost neutrally over a large portion of the wavelength region under 

investigation; however, in the region shortward of X I4OOO, a great 

rise in s'(X ) results because of low transmission of the optics. A 

similar but less exaggerated deviation of s'(X ) 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 made 

of the optics of the Steward Reflector. 

C. 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 spectroscopic 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 reddening. The 

values Eg_̂ .=0.30 for the mean reddening in T Tauri stars has been estimated 

by Herbig (19̂ 2), Kholopov (19!?8), and Varsavsky (i960). There is no 

reason to believe this does not vary considerably 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 continua can serve as a means of determining interstellar reddening. 

One will nevertheless encounter 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 to those of MK 

standards of the same spectral class. Since these stars lie above the main 
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sequence this is a valid objection. Kence, the attitude will be 

taken that the reddening due to 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(X ), corrected for all other effects, 

are separately multiplied by Q_( \ ) and Qy(\ ), the spectral responses 

of the B and V filters plus photometer, one will obtain two intensity 

curves which depict the character of the radiation as the photometer 

sees it when viewing in each of the two pass bands. Let the following 

intensity distributions thus be defined: 

IB( X) = Q3U )IU ) 

Iv(\ ) = Qv( X)I(\ ) (2) 

The ratio of areas under the curveu is proportional to the B-V color. 

The quantities Q̂ (X ) and Q̂ ( X) were taken from Allen (1963); their 

logarithms are tabulated in Table Ah. 

Determination of the area JJqBjV(\ )i( \ ) d x -  aBj y under a 

given curve was accomplished by using a polar planimeter accurate to 

0.5$* The B-V color is defined as (Allen (I963)) 

A „ 
(B-V) = 2.5 log + 0.71 (3) 

cB 

where the subscript, c, indicates that only continuous emission has been 

considered in the color determination. Values of (B-V) are recorded on 
c 

each data sheet, the contents of which will be explained shortly. 



h3 

S. The Effects of Line Emission 

An entirely separate set of computations must be employed 

for the variable program stars in order to determine the color (B-V) 
J-

which includes the emission lines. Tables 12 list all emission lines 

which have been observed in the T Tauri type spectra over the entire range 

of plates. Those lines indentified by Joy (I9I4.9) have been so indicated. 

A detailed discussion of line emission is deferred to Chapter XV. Under 

consideration 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 associated adjacent continuum intensity, both 

which may be determined by exactly the same method used to find any of 

the values Ig X). The flux contributed by a given profile to the 

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

I3,V^ ^ " IB,V^C ^ (1 \ 
V - ' "> 

where 

Ig y( ) is the true photometric intensity maximum in the 

line profile, 

Ig y( Xc ) is the true photometric intensity of the continuum 

adjacent to the line, 

is the measured line width at its base. Various slit widths 

were 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)cq_ composed of both 

continuous and line emission fluxes. In terms of the notation previously 

employed this color can be expressed as 

(B-V)cl - 2.5 log + ̂  + 0.71 {$) 

where y is.the sum of the individual line contributions to the area 

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

difference J = (S-̂ ci - (B-V)c as an index of the emission line effect. 



III. Presentation of Relevant Data 

This chapter contains a brief description of A) the T Tauri 

objects under investigation and S) the organization of observations 

made upon those objects. The final section C) consists of tabulations 

of the observational data. 

A. T. Tauri Objects Studied 

Observational limitation:; are placed upon this program which -

immediately exclude all but a handful of T Tauri stars from the program. 

Owing to their relative brightness and line emission activity the stars 

T Tau and HW Aur have been selected for examination. 

T Tauri ( = ED I|1619 = BD+19°706) has been known to vary in 

brightness since its discovery in 1852 by Kind. The star is located 

half a minute of arc from the faint nebulous patch known as Hind's 

variable nebula (NGC 1555). In the course of a fewveeks T Tau has been 

known to vary erratically between V = 9.0 and V =• 12,8. Joy's (19U5) 

classification of the absorption spectrum is dĜ e but the overwhelming 

presence of line emission makes the classification task difficult; estimates 

have ranged from dG2e to dQ8e between the years 1915 - 19U7. Joy claims 

the Call (H and K) emission lines appear "with an intensity unsurpassed 

by any star of the T Tauri group," but these lines appear still stronger 

today in spectra of RW Aur (See Fig, l). Ke found, contrary to what is 

observed today, that the other metallic bright lines are not prominent 
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features of the spectrum. Adams and Pease's (1915) description of the 

first slit spectrogram taken of this object reveals further differences. 

Fifteen amission lines were useable for radial velocity determinations 

at that time. Less them a year later the emission spectrum was described 

as very weak. Owing to the low dispersion used almost no significance 

is attached to the published radial velocity measurements of this object. 

The strengthening of emission features appears to coincide with greatest 

brilliancy. 

KW Aurigae ( « HD £0130) 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 2U-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 

Enel.-o (1907), fluctuating smoothly between the 9th and 10th visual magni­

tudes during the first two months of 190?. The classification dĜ e has 

been obtained from low dispersion spectra, but numerous bright lines, 

notably H and K, reveal only a glimpse of the underlying wide absorption' -

features. On higher dispersion spectra, reversals are exhibited in 

the Call H and K, , Haf , hX, and He emission features; the red 

component 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 emission 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 

found nearby but not in the irr.nsdiate vicinity of HW Aur. 

Other T Tauri objects included in this study are AS 205, AS 209, 

and DI Cep. Tho first two of thecc are located in the Ophiuchus dark 

cloud, the latter in still a different region of the liilky Way. Only a 

handful of spectra of each has been secured. EI Cep is known ( Joy 

(I9).i5)) to fluctuate between V = 11.9 and V = 13.5 and is designated 

as a dK3e star. Strong and K plus Banner Series emission in addition 

to presence of the brightest T Tauri lines constitute all that is peculiar 

about the spectrum of this star. AS 205 and AS 209 have almost no 

history. Both classification type and V magnitude range are unknown. 

Their spectra exhibit faint M and K plus hydrogen emission. Owing to the 

short access tin-,e of these stars in northern latitudes, an extensive 

set of observations of them i:s hard to cone by. Single observations of 

these objccts were obtained for two reasons: 

1) To determine roughly the magnitude of the line emission 

effect as well as whether and by how much that effect 

differs from what is found for the winter sky objectŝ  

2) To launch a much wider investigation of T Tauri variables 

among different associations. This investigation will 

utilize the methods of reduction outlined in this paper 

to explore variations in the properties of known 

T Tauri variables in the Bootes, Cepheus, Ophiuchus, 

and Taurus regions of the Kilky Way. 



Table 7 contains a list of all objects, other than T Tauri 

variables and calibration stars, which have been investigated in this 

program. These are the so-called "test objects." At least one of 

these has been utilized per plate and the b-v color computed from its 

spectrum. Such colors are then compared with the measured photometric 

color. Agreement between the two signifies 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 contirma provides a more stringent test of the method. 

Table 7 Non-Variable Program Stars 

Name oC 
1 £ v b-v Sp 

1397U 02: ll|. 2 +3U:03 U.87 +0.61 gov 

K Cet 03:17.5 +03:114 14.82 +0.68 g5v 

£ Eri 03:31.3 -09:35 3.73 +0.89 k2v 

?fbri 0U:ii7.9 +06:55 3.19 +0.b5 F6V 

p Gem 07:26.9 +31:52 U.16 +0.32 fov 

Q Com 13:09.5 +28:08 li.23 +0.57 gov 

j j l Her A I7:i|ll.5 +27:U5 3.1+2 +0.75 g5iv 

16 Cyg A 19:10.5 +50: 21; 5.96 +0.6U g2v 

7£ Cep 20:10}.3 +61:39 3.U3 +0.92 KOIV 

61 Cyg A 21:01;. 7 +38:30 5.19 +1.19 K5V 



Explanation of Tables 

1. Table 6. Step VJedge Calibration (One 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 which cross-dispersion tracings 

were made. The figures comprising the table are the correspond­

ing observed densities, d, on the plate. Since the true filter 

density is wavelength dependent, one must consult Table A1 in 

order to obtain the true steps in logi and thus plot curves 

of d vs logi wliich will convert observed opacities into 

logarithms of relative intensity. 

At il e top are given the Steward Observatory plate 

number, (Kitt Peal-; Station record), emulsion type, and observa­

tion date. 

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

At the top are given the Steward Observatory plate number, 

typo of emulsion, date of observation, name of object,- 1961+ 

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 according to Johnson and Karris (l95U)} 

Johnson (1955), or Johnson (unpublished), and computed B-V 

color. 
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At least one star per plate (labeled calibration star) 

is a Cods standard -./hose continuum is known. For the 

calibration objects the columns in the continuum analysis 

table have the following meaning and origin: 

Column 1 ( \ (S)xlÔ ): The wavelength in hundreds of 

angstroms at which the continuum was studied. 

Column 2 (C): The corresponding Bristol Recorder Chart 

reading (scale 0-9U). 

Column 3 (d): The apparent density corresponding to the 

reading in the previous column and determined from Fig. 2. 

The numbers in this and the remaining columns are in thousands 

of relative logarithmic units. 

Column U ( logl): The logarithm of relative intensity 

corresponding to the reading in the previous column and determined 

from the characteristic curve of the plate (Fig. 3). 

.Column $ (logI(V.T.)): -£ calibration star spectrum 

employed for the purposes of determining plate sensitivity 'is 

not the one of highest apparent density in the step wedge (i.e. 

a spectrum which has been taken through a "neutral" filter) 

the values in the previous column must be corrected for the 

effects of variable transmission (V.T.) by the "neutral" filter. 

This is easily done by utilizing the quantities in Table Al. 

If this correction is not required the components of column U 

are repeated in column 5« 
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Column 6 (lo£l(iXrvl)): The quantity in column $3 

normalized to logl = .000 at \Û 00. 

Column 7 (l&gS1): The instrumental sensitivity correction 

obtained at a given wavelength by subtractirgfrom 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 origin: 

Columns 1, 2, 3, sxid U: Exactly the same meaning as the 

columns so numbered for the calibration star. All logarithmic 

units have been multiplied by 1000. 

Column $ (logl (EXT.)): The quantity in column U corrected 

for,the effects of differential atmospheric extinction between 

the riven program t̂ar, whose continuum is to be determined, 

and the calibration star for the plate in question, whoso spectrum 

has been used to obtain the instrumental sensitivity correction. 

The figures in Tabic A3 corresponding to the appropriate A secZ 

are added to or subtracted from those in column Lu 

Column 6 (logl (EXT.NORM)): The quantity in column $ 

normalized to logl = .000 at X h5C0. 

Column 7 (logl (Î T)): The quantity in column 6 

corrected for the effects instrument and plate sensitivity 

obtained by direct addition of that column with column 7 in the 

calibration star table. 
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Column 8 (logl (3 ?KT>;)): The quantity in column 7 

plus the corresponding quantity in the logQ̂  column of 

Table AU. Thus the relative intensity is converted into 

that which is observed through the B filter and photometer. 

Column 9 (loci (V FHTK)): The quantity in column 7 

plus the corresponding quantity in the logQ̂  column of 

Table Ah. Thus the rrclntive intensity is converted into 

that which is observed through the V filter. 

Column 10 (I (B PHTK)): The antilogarithm of the 

quantity in column 8, or the intensity as viewed with the 

B filter and photometer. 

Column 11 (I (V PHTK)): 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) 

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

already been discussed. The vertical columns have the follow­

ing meaning and origin: 
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Column 1 (XS): The observed wavelength of the center 

of the emission line whose contribution to the continuum flux 

is to be determined. 

Column 2 (Ĉ  '): The Bristol Recorder reading (scale 0-9U) 

of the peak of intensity of the line. 

Column 3(C): The Bristol Recorder reading (scale 0-9U) 
c 

of the continuum adjacent to the line. 

Column h (d̂  ): The observed density of the peak of 

emission determined from the quantity in column 2 using Fig. 2. 

Column 5 (̂ c): The observed density of the adjacent 

continuum determined from the quantity in column 3 using Fig. 2. 

Column 6 (logl-̂ ): The logarithm of relative intensity 

corresponding to the reading in column U and determined from 

the characteristic curves of the plate (Fig. 3)-

Column 7 (logIc): The logarithm of relative intensity 

corresponding to the reading in column 5 and determined from 

the characteristic curves of the plate (Fig. 3)* 

Column 8 (A logl): The difference column 6 minus column 7* 

Column 9 (logl + A logl): The sum of the logarithm of 

relative continuum intensity in the B filter pass band and the 

quantity in column c. The former quantity is read, at the wave­

length of the line under consideration, from a plot of logl 

(B PHTM) vs A for the emission star (See Continuum Analysis Table, 

column 8), 
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Column 10 (LoglcV + AlogI): The sum of the logarithm 

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 logl (V PHTM) vs X for the emission star (See Continuum 

Analysis Table, column 9). 

Column 11 '"̂ 0 <̂ -̂ êrence ̂  intensity between 

line and continuum as viewed in the B filter pass band, obtained 

by subtracting from the antilogarithm of the quantity in column 

9, the corresponding continuum intensity as viewed in the B 

filter pass band. 

Column 12 "̂ cV̂ : difference i-n intensity between 

line and ccntinuum as viewed in the V filter pass band, obtained 

by subtracting from the antilogarithm of the quantity in column 

10, the corresponding continuum intensity as viewed in the V 

filter pass band. 

Column 13 (Width 2): The width in angstroms of the 

(nearly) rectangular line profile as measured directly from the 

microdensitometer tracing. 

Column lh (Ag): The area contributed by the line to the 

Ig 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 1$ (Ay): The area contributed by the line to 

the 1̂  vs X plot, obtained by taking the product of columns 

12 and. 13. This quantity has the dimensions angstroms x 

relative intensity units. 

U. Table 11. Lata Summary Sheet for T Tauri Objcct (One 

table per emission star). 

The quantities displayed in this table have the following 

meaning and origin: 

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

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

3. (Ay): i''ie area (angstroms x relative intensity units) 

under the intensity vs wavelength curve of the continuum 

as viewed with the V filter plus photometer. The 

derivation of this quantity has been discussed. 

U. (aC3): 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 quantity has been discussed. 

5. (A-j-y): The total area contributed by all lines to the 

intensity, wavelength plot in the V pass band; the sum 

of all components of column 1$ of the line analysis 

table. 

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

lines and blends of lines which have been added to obtain 

the quantity, 
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7. 'ihe ôtal area contributed by all lines 

tc ths intensity, wavelength plot in the B pass bandj 

the sum of all components of column 11; of the line 

analysis table. 

8. (No. of lines contributing to B): The total number 

of lines and blends of lines which have been added 

to obtain.the quantity 7. 

9. (acv/"c3̂ : î ie ra"':̂ 0 quantities 3 and ̂  of this 

table. This is also tabulated at the bottom of each 

emission star continuum analysis table and is used 

to compute the continuum color. 

10. ((B-V) ): The continuum color of the object, also 

reproduced on each emission star continuum analysis 

table. 

11. ((Ay + ^IV^^cB + ^1B^: ri'rie ra^° SUI11 

quantities 3 and 5 to that of quantities I; and 7 of 

this table, to be used in computing the color of the 

object when the presence of emission lines is considered. 

12. ((B-V ̂ )): The color of the object derived from both 

continuum and line flux contributions, computed from 

quantity 11 of this table by the expression defined 

in the text (equation (£)). 

13. Ĉ _y/Acy) *. The ratio of quantities 5 and 3 of this 

tablej 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. 



(Â /A „): "i'he ratio of quantities 7 and U of this 

table: the line to continuous emission ratio in the 

B pass band. This is an approximate index of line 

contribution to measured fluxes in the B pass band. 



Table 6. Step Wedge Calibration 

Plate Mo: ' 23 Emulsion: 103a-2 Date:1963 Oct. 13 

^X^Wratten 
^\Density 

N. • 

A(£) xio 

U0.3 

1 

3x0.3 
| 

2x0.3 0.3 0.0 

35 - .061 .'138 .366 .837 

ko .193 .1)21 .£68 1.560 2.0I46 

^5 .22? l,c- , .865 l.Wi7 1.860 

50 - .Vni .518 .871 

55 - .070 .160 .361 .632 

6o - .102 .225 .506 .836 

65 - .166 • 332 .681 1.088 



Table 8 Step Wedge Calibration 

Plate Wo: 25 Emulsion: 103a-F Late: 1963 Oct. lit 

V/ratten 
^-.Density 

4x0.3 3x0.3 2x0.3 0.3 0.0 

35 - .050 .160 .508 1.052 

ho .110 .305 • 727 1.320 1.930 

.175 • );63 ^0
 
0
 
0
 

1.510 1.930 

50 .070 .130 .350 .738 1.320 

55 - .108 .200 .530 1.030 

60 - .058 .202 -1*78 .915 

65 
- - - - -
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Table 8 Step Wedge Calibration 

Plate No: 26 Emulsion: 103a-? Date: I963 Oct. 15 

Wr&tten. 
Density 

1x0.3 3x0.3 2x0.3 0.3 0.0 

35 - - .097 .3UJ- .652 

Uo .132 .31; 2 • 751 1.320 1.760 

U5 .221 .500 . .938 ' 1.1:21 1.960 

50 .0 59 .190 .I408 .806 1.138 

55 - .106 .318 .701 1.280 

So - .086 •
 

INJ
 

CO
 

£r
 

.606 1.156 

65 

I 
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Table £ Step VJedge Calibration 

Plate No: 28 Emulsion: 103a--77 Date: 19° 3 Cct. 17 

v̂̂ Wratten 
^̂ Density 

uxo.3 

1 

3x0.3 2 ::0.3 0.3 0.0 

35 - .023 .068 .26̂  .626 

1*0 .uh7 .195 .5" 00 • 913 i.I)5o 

U5 .112 .2£6 .buy 1.050 i.55o 

50 
- • 0P2 .219 .515 .900 

55 -
fi),c .133 .319 .700 

60 
- .0̂ 2 .095 .313 .612 

65 
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Table c Step Wedge Calibration 

Plate No: 199 Emulsion: 103a-F Date: I96U June 17 

Wratten 
\̂Density 

5x0.3 b'0.3 3:<0.3 2x0.3 0.3 0.0 

35 - .o5e .P.bu .651 1.322 1.620 

ho .196 .657 1.378 1.960 2.500 2.670 

1+5 .322 . r y o  1.275 2.068 2.070 2.670 

50 .100 .3U . f 0 7  1.350 2.020 2.068 

55 .101 .282 .666 1.192 1.960 2.127 

60 .0u6 .233 .613 l.OfO 1.762 2.068 

65 

.. . 

- .112 .&1 .632 1.560 1.F60 



Table 8 Step Wedge Calibration 

Plate No: 200 Emulsion: 103a-? Date: I96li June 16 

"̂ XWr&tten 
^\Density 

A(5)xl0̂ \̂  

5x00 1,-v-r* 0 

1 

: v n  
^ .• —' » 

1 

•
 

O
 

C
\J 

1 
0.3 0.0 

35 - .073 .CjO .600 1.232 l.Ui3 

40 .196 .6£9 1.330 1.90c 1.960 1.9E0 

*+5 .327 .569 1.500 1.(60 1.900 1.960 

50 .193 ,3c 2 .913 i.i£e 1.760 1.662 

55 - • 373 .760 1-1432 1.660 1.760 

60 - .361; .710 1.290 1.660 1.71*0 

65 
- .326 .576 1.053 1.U33 I.6I48 
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Table 8 Step Wedge Calibration 

Plate Mo: 2Q< Emulsion: 103a-? Date; 1961; July 26 

\. Wratten 
Density 

1.6 1.2 1.0 0.6 0.3 0.0 

-

35 .112 .215 .510 1.120 1.61*0 2.020 

ko .1:35 .808 1.320 1.980 2.170 2.206 

k$ .522 .935 i.h15 2.020 2.206 2.206 

50 .162 .500 • 900 i.505 2.020 2.170 

55 .106 .310 .630 1.285 1.2l;0 2.lk3 

So .0i|2 .200 .hGO 1.000 1.500 1*990 

65 .015 .115 .285 .790 1.2)40 

, 

1.750 



Table 0 Step Wedge Calibration 

Plate No: 2 07 Emulsion: 103a-F Date: 1<?61; July 27 

Wratten 
v̂.Density 

1.6 

1 

1.2 1.0 0.6 0.3 0.0 

35 .018 .130 .326 .75>0 .912 1.76̂  

2+0 .063 .622 1.060 l.?£8 1.660 2.100 

1+5 • 326 .729 1.132 1.61)9 1.720 2.130 

50 .079 .210 .£ijO 1.006 1.126 2.220 

55 - - .166 .366 .790 2.100 

60 

65 

• 



Table 6 Step Wedge Calibration 

Plate No: 209 Emulsion: 103a-? Date: 1961; July 27 

^̂ Wratten 
^̂ Density 

X(2)xi>\ 

1.6 L, 1.0 0.6 0.3 0.0 

35 - .011 .1?S .677 1-2.U3 1.650 

1+0 .228 .ShO .667 1.660 2.301 2.700 

k5 .283 .63h 1.090 1.760 2.220 3.000 

50 .122 .273 .52 3 1.153 1.7b0 2.097 

55 .100 .211 .360 .900 1 J;90 1.760 

60 -0U6 .111 2 .262 .717 1.163 1.508 

65 .006 .066 .182 .hi 9 .957. 

• 

1.269 



Table 8 Step Wedge Calibration 

Plate No: 210 Emulsion: I03a-F Date: 1961; July 28 

Wratten 
\̂Density 1.6 1.2 1.0 0.6 0.3 0.0 

35 .015 .02 6 .07C .338 .703 1.21; 2 

bo .112 .309 .636 1.237 i.euo 2.000 

U5 .115 .hOl; .723 1.288 1.760 1.980 

50 - .108 .260 .6143 1.160 1.580 

55 
- .070 .195 .530 1.080 i.iili5 

60 - - .070 .330 .702 1.120 

65 
- - .0h3 .272 .623 

i 

1.016 



Table 8 Step Wedge Calibration 

Plate No: 232 Emulsion: 103a-F Date: 196;? Jan. 1 

Wratten 
^̂ Density 1.6 1.2 

 ̂/ 

1.0 0.6 0.3 0.0 

35 - - .052 .192 .518 .901; 

ho .052 .169 • i;29 .819 1.313 1.762 

b5 .1U3 .337 .636 1.050 i.5oo 1.5U0 

50 .07 3 .139 .283 •5h7 1.017 1.373 

55 - .079 .192 . .ii5l .803 1.2"ue 

6o .019 .071 .200 .1:66 .£82 1.292 

65 - .023 .122 .360 .712 1.092 



Table 8 Step Wedge Calibration 

Plate I'To: 236 Emulsion: 103a-F Date: 1965 Jan. 27 

Wratten 
Density 

1.6 1.2 
i 

1.0 0.6 0.3 0.0 

35 
- .198 .1413 .£60 1.338 1.7140 

i+o . 2)41 .$ko • 970 1.U1 1.9 £5. 2.070 

U5 o31 .£71 1.322 1.739 2.020 2.200 

50 .233, .560 .691 1.3U1 I.7I4O 1.9»? 

55 .191 ).i i • -L .521 1.23c 1.6IiO 1.9140 

60 - .376 .7214 1.200 1.620 i.eiio 

65 - .227 .5J40 

1 

• 931 1.1:20 i.lko 



Table 8 Step Wedge Calibration 

Plate IIo; 237 Emulsion: 103a-? Date: 1965 Jan. 28 

\Wratten 
^\Density 

X (S) xlÔ X̂  

1.6 1.2 1.0 0.6 0.3 0.0 

35 - .061 .313 .7̂ 0 1.202 1.6l|0 

Uo - .191 .738 1.2f5 1.820 2.270 

1+5 .198 .367 .97h i.5ii0 1.925 2.500 

50 - .lie M9 .920 l.Jifl5 1.760 

55 - .117 .39 2 .865 1.320 1.7i;0 

6o - .081 .376 .822 1.293 1.620 

65 - .0ii7 .262 .620 1.062 1.368 



71 

Table 5 Step Wedge Calibration 

Plate No: 2!|0 Emulsion: 103a-F Date: 1965 Jan. 29 

Wratten 
\̂Density 

X(S)xlo\^ 

1.6 1.2 1.0 0.6 0.3 0.0 

35 
- - .113 .300 .F6L; J .639 

ko - - .157 • U:6 1.162 I.90O 

- .037 .29c .6£0 1.293 2.000 

50 
- - .109 .327 .£10 1.520 

55 - - .0C6 .276 .7 39 1.368 

60 - - .079 .256 .680 1.320 

65 - - .012 .202 .585 1-2U2 
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» -

Table 8 Step Wedge Calibration 

Plata Ho: 2l;2 Emulsion: 103a-7 Date: 1965 Feb. 19 

Wratten 
Density 

X(?0xlo^\ 

1.6 1.2 1 1.0 0.6 0.3 0.0 

35 - .022 .190 .!i21 .883 1.325 

ho .126 .270 .722 • 951 l.hh2 l.lhO 

h5 .203 .368 .802 1.095 1M3 1.7 ho 

50 .002 .126 • 371 .598 1.023 1.390 

55 
- - .266 .567 .900 1.321" 

60 - .051 .268 .516 .880 1.277 

65 - • - .Ihh .366 .7^8 1.152 



Table 9 Continuum Analysis 

Plate flo: 23 Emulsion: I03a-E Bate: 1963 Oct. 13 MK Sp:AOIV 

Object: yGem a-: 06:35«7 sec z: lt079 E-V: OcOO 

(f: +16:26 /^sac z: 

>\(A) x 102 c d log I 
J.Ott I 
(KT) 

log I 
(sit) 
(I-iokm) 

log I 
(li'st) 

log I 

/ B \ 
UlITMj 

log I 

1 M 'M / ^ 

36 69.5 130 -1900 -1080 67 U 

38 27,2 538 -loyo - 270 203 

ko 12.0 900 , - 792 028 083 

'OlO U2 10.6 950 - 758 062 

083 

'OlO 

kk 12.S £83 - 806 0H4 010 

13.1 865 - 820 000 000 

b6 16.1 7o0 - 881 - 061 036 

h8 30.7 Ii82 -1151 - 331 260 

50 61.9 182 -16^8 - 828 707 

52 73.1; 106 — 

75.0 100 -1880: -1060 850 

73.9 102 -1780: - 960 711 

• 58 72.3 112 -1703 - 8o3 557 

. . 6n 7u.o 123 -1652 - 832 li76 

61.9 182 -1512 - 092 289 

6^ ^8.0 210 -II466 - 6i(t> 201 

66 85.3 OljO 

6ft -



Table 9 Continuum Analysis 

Plate No: 23 Emuls ion: 103a~E Date: I963 Oct. 13 MK Sp: 05V 

Object:K Cet a: 03:17.5 sec z: 1.367 B-V: 0.68 

rf: -J-03:ll! Asec z: .288 (B-V)r : 0.67 

/\ (a) x 102 C d log I 
log I 
(EXT) 

log I 
(EXT) 
(NORM) 

log I 
(II: ST) 

log I 

\PKTUj 

log I 

1v \ [phi h/ (l) [PHTMJ ( M  \PKTi-') 

36 8b.0 Oli 7 - «>o 000 

38 147.5 291 -1U21 -1358 - 61,8 -UUS -1299 050 

Uo 19.2 699 - 9h6 - 892 - 162 -0 99 - 126 7lt8 

1*2 .lit Jt 821 - 851 - eo3 - 093 -083 - 087 819 

11.5 915 - 781 - 737 - 027 -017 - 063 665 

to 10.3 956 - 753 - 710 000 000 

k6 10.9 936 - 767 - 726 - 016 020 - lib 769 

1(8 17.8 729 -  9 2 2  - m - 17 It 086 - 182 - 00 650 000 

so h6.9 301 -1370 -1336 - 626 081 - 363 - 363 h3h it3h 

52 72.3 112 -1770: -1738 -1028 

62.3 179 -1565 -1535 - 825 025 -1130 016 07h 1038 

s 6 li9.9 273 -lliOO -1372 - 662 OI49 - OO 010 000 1023 

ill.2 353 -1288 -1262 - 5^? 00S - 22h 597 

6n 36.7 aou -1225 -1200 - it90 -01k - U12 388 

2h.6 583 -1060 -1036 - 326 -037 - 657 220 

6U 20.2 672 - 992 - 969 - 259 -058 -1058 088 

66 32.5 lt58 -1158 -11U6 - 1*36 - - -

6ft — - 00 000 



Tabic 9 Continuum Analysis 

Plate No: 23 Emulsion: 103a-E Date: 1963 Oct. 13 MK Sp: 

Object: k./ Aur a- 05:05.h sec z: l.py; B-V: 

tf: +30:22.1 £sec z: ~.0Ui (B-V)c: 0.67 

^(A) x LO2 c a log I 
log I 
(EXT) 

log I 
(EXT) 
(EORii) 

log I 
(IKST) 

log I 

/ B \ 
yPKTM } 

log I 

( v \ [FH-TH/ 

I 
/ B \ 
(PHTMJ (M  \ PHTMJ 

36 eu. 1 0li7 - - CO 000 

38 59.1 203 -1595 -1605 -510 -307 -1161 069 

1+0 38.1 38k -1280 -1288 -193 -nn -137 — 730 

30.0 1*93 -llii3 -1150 -055 -0I6 - Oil 9 
— 

893 

26.9 5HO -1095 -1102 -007 003 - 0ii3 665 

Il5 26.5 5h6 -1089 -1095 000 000 

k6 29.0 505 -1129 -1135 -OljO -oolj - 138 728 

h8 lt7-3 292 -HiOO -11435 -31i0 -080 - 3li8 - OO WJ9 000 

SO. 77.8 082 m. — 

52 63.8 Oli 8 - -

Rl; 61*.2 OI46 - - -

<56 79.7 073 -1652 -1856 -761 -05 0 - Oo - Ili7 000 713 

58 7b.0 102 -1725 -1729 -63k -077 - 306 b9k 

60 63.5 170 -1536 -1539 -hhh 032 - 366 1*31 

6? .hi.2 297 -13M»' -13247 -252 037 - 583 261 

28.5 513 -1120 -1123 -028 173 - 627 1149 

66 67.O rl$89 -1592 -1497 -

6ft - - 00 000 
-0 
VA 



Table 9 Continuum Analysis 

Plate No: 2$ __ 

Object: it Aur 

Emulsion: I03a-F 

a: Ok: 55.9 
cT: +37>.b9 

Date: 1963 Oct. l)i 

sec z: lr058 

Asec z: 

Calibration Star: 

MK Sn: AOV 

B-V: 

W 

' 

c d log I 
log I 
(V«T.) 

log I 
(NOEM) 

log S' 
log I 

L PHTL'l) 

log I 
/ V \ 
PHTM) 

I 

/  B \  
(PIITM) ( M [PHTJ-JJ 

s 5 62 .5 178 -1500 -1320 -9u7 537 

58 31|.5 620 - 730 - 601 -228 161 

ho 0i4.6 1360 - 362 - 266 107 -00b 

u2 03.9 liihO - 3^0 - 269 10lf -032 

UI4 014.3 3ii20 - 375 - 333 oho -016 

Us Oil. 5 136$ - Iil2 - 373 000 • 000 

1*6 oii.8 13ii2 - UiO - lob -031 006 

1.8 10,3 955 - 680 - 652 -279 20c 

so 21.3 6U8 - 888 - 87li -501 360 

S2 29.5 500 -1007 -1002 -629 i460 

54 29.5 500 -1006 - 998 -625 U15 

56 30.8 hi 9 -1022 -1012 -639 390 

58 31.8 1*65 -1036 -1033 -660 tfh 

60 33.9 h35 -1061 -1063 -690 33U 

62 36.2 i4o8 -1085 -1061 -708 305 

6if 38.? 382 -1110 -1098 -725 260 

66 1|0.£ 361 -1132 -1122 -7 h9 278 

6P1 50.5 268 -1230 -1223 -650 351 --j 



Table 9 Continuum Analysi s 

Plate No: 2$ 

Object: £. Eri 

Emulsion: 103a-F 

a: 03:31.3 

£: -09i3U.8 

Date: 1963 Oct. 3ij 

sec z: 1.3k 6 

£sec z: .288 

MK S'p^ K2V_ 

0.89 B-V: 

(B-V)c: 0.88 

X(A) x 102 C d log I 
log I 
(E/CT) 

log I 
(EXT) 
(NORM) 

log I 
(Ii 1ST ) 

log I 

/ B 1 1 TJUf! 1 1 

log I 

/v \ 
iFHIi-lj ( I<S ) (riiTi-y 

/ 
\PIiTMj 

1 
^6 78.0 083 -1800 -1538 -1193 -656 - OC 000 

38 30.0 h92 -1038 - 61ilt - 1499 -338 -1192 06lt 

ho 12.3 895 - 680 - 5214 - 179 -183 - 210 617 

H2 07.6 1115 - 535 - Ml - 066 -099 

i i 1 i 
. 

t 1 O
 

I 1-
1 1 

1 789 

hk (£.9 121(8 - hio - 369 - 021} -OiiO - 086 820 

h5 05.0 1330 - 132 - 3 Ii5 000 000 
i 

k6 oh.9 13U0 - h80 - 398 - 053 —0Ji7 - 191 r  6^ 
1+8 06.6 1200 - 55o - 1*60 - 135 073 - 195 - oo 638 000 

RO 12.h 888 - 137 - 683 - 338 02(2 - 1J02 - hO?. 396 396 

52 15.2 803 - 790 - 7h9 - hoh 056 - 622 02h 239 1057 

12.0 900 - 7h0 - 699 - 351) 061 - 1Q& 052 081 1205 

11.0 9314 - 72h - 683 - 338 052 _ CO - oli5 000 902 

07.8 1098 - 690 - 660 - 315 039 -190 6I46 

08.2 1081 - 639 -6llt - 269 065 -333 16$ 

09.7 995 - 692 - 661 - 316 -Oil -631 23h 

6k 07.0 1160 - 611 -57lj - 229 051 -9h9 113 

66 10.5 952 - 716 -682 - 337 -059 -1582 026 

6R 27.9 522 - 986 -957 -612 -261 - Co 000 



Table 9 Contiravum Analysis 

Plate Mo: 25 Emulsion: 103&-F Date: 1963 Oct. Ill MK Sp: 

Object: ? Tau a: Oli; 19.8 sec z :  1.016 B-V: 

+19:26.5 Asec z: -.Oh? (B-V)^: 1.11 

X(A) x 102 c a log I 
log 1 
(iSXT) 

log I 
(SZT) 
(KOK-I) 

log I 
(li'IST) 

log I 

I  B1 (tiirrni' j V-

log I 

/ v \ 
'VFHTM J  (.PHTI-'L J \PHTM.1 

36 - CO 000 

38 85.0 Olil 

1+0 67.0 1U8 -1560 -1569 -1i5O -k$h - aei 330 

k2 53.2 2U7 -1325 -1333 —2 iLt -2J46 - 250 562 

k k  hl»k 351 -1183 -1191 -072 -088 - 13li 735 

k5 36.0 1*12 -1112 -1119 000 000 

116 3U.5 U30 -1091 -1098 021 G27 -107 782 

hQ I46.8 300 -1225 -1232 -113 095 - 173 - OO 671 000 

RO 67.0 lli8 -Hi 70 -11476 -357 023 - i|21 - 1|21 379 379 

52 72.5 112 -1530 -1536 -Iil7 0U3 - 635 011 232 1026 

sU 60.2 196 -13h5 -1350 -231 08U -1071 075 085 1188 

59.5 200 -1329 -1333 -21U 176 . CO 079 000 1199 

58.h 207 -1315 -1319 -200 I5h - 075 eia 

58.2 211 -1310 -1333 -19h IliO - 258 552 

58.8 203 -1322 -1325 -206 095 -525 299 

61+ 60.1 198 -1327 -1330 -211 069 - 931 117 

66 61.® 182: -1358 -1361 -2h2 036 -Hi87 033 

67.8 II4O -lii33 -12j37 -318 033 _ 00 000 



Table Continuum Analysis 

Plate Ko: 25 Emulsion: 103a-F Date: I963 Oct. llj MK Sp: 

Object: E-; Aur a: 05:05. li sec z: l.OOli B-V: 

£: -i" 30:22 /teec z: ->0£h (B-V)r: 0.51 

)\(A) x 102 C d log I 
log I 
(EXT) 

log I 
(EXT) 

(KORM) 

log I 

(IHST) 

log I 

/ B • 
\PHTM j 

log I 

/  M  (raii'V (rKTMj 
( ̂  

36 85.0 0ii3 _ -co 000 

38 65.6 155 . -1535 -151J5 -1*31 -270 -112I4 075 

*10 i£.5 33-2 -zmi_ -i2iie -13li -138 -165 6CI4 

k2 39.0 375 -1158 -1166 -052 -oeii -088 817 

kh 35.5 U5 -1110 -1118 -0ij.il -020 -066 857 

h5 35.5 U5 -1107 -111 h 000 000 

kS 39.5 370 -1152 -1159 -oii5 -039 -173 671 

lt8 63.0 175 -lfco5 -Hi 12 -298 -090 -358 - OO b39 . 000 

so 79.0 075 -1650 -1657 -5i*3 -163 -507 - 507 - 311 - 311 

52 81.0 063 -1630 -1636 -522 -062 -7li0 - 09ll 182 805 

qli 79.0 075 -1555 -1591 -hll -062 -1217 - 071 061 

s6 81.5 061 -1630 -1636 -522 ' -132 - 00 - 229 000 590 

78.0 062 -1560 -1565 -hS 1 -197 - 2j26 375 

78.0 082 -1560 -1565 -1.51 -117 - 515 306 

6? 76,0 093 -1535 -I51i0 -ii26 -121 - 71a 182 

6U 76.5 090 -15U5 -15149 -1(35 -155 -1155 070 

66 78.2 061 -1565 -1569 -1*55 -177 -1700 020 

6R 81.5 060 -I6I1O -530 . -179 - Oo 000 



Table 9 Continuum Analysis 

Plate No: 26 

Object: 06 Lyr 

Emulsion: 103---F 

a: 18:35.7 

cf: - 5 - 3 . 7  

Date: 1963 Oct. 15 

sec z: . l.lilii 

Asec z: 

Calibration Star: 

MK STV. AQV 

B-V: 0.00 

A(X) X 102 c d log I 
log I 

(V.T.) A
 6

* 

^
 H

 

log S' 

log I 

(PHTM) 

log I 

( M  PIFFM J PHTMJ 

I 

/  v \  
(PHTI-LJ 

s6 60,h 193 -111 90 -1310 -928 518 

. .38 15. I* 798 - 771 - 61*2 -260 193 

UO 05.2 1325 - 3£3 - 281 095 -016 

U2 Oh .6 13140 - 386 - 315 067 005 

05.1 1321 - iilO - 368 Oil* 010 

05.2 1319 - 1|21 - 382 000 000 

1J6 05.8 12B7 - B85 - HU9 -067 Oil 2 

na 08,? 1072 - 6)I0 - 612 -230 159 

50 17.0 750 - 852 - 838 -•U56 335 

52 21.8 635 - 9B5 - 9lj0 -558 389 

•5*+ 2li.O 591 - 98lj - 976 -59U 381* 

56 26.2 555 -1013 -1003 -621 372 

58 26.2 556 -1010 -1007 -625 319 

60 27.1 $h0 -1035 -1037 -655 299 

62 30.0 L»9L -1056 -1052 -670 267 

6h 26,6 5H6 -1022 -1010 -628 183 

66 3B.U LI33 -1106 -1096 -7114 2H3 

68 6I4. .0 168 -1350 -13H3 -961 h62 



Plate No: 26 Em-ulsion: 103a-F Date: I963 Cct. 35 MIC Sp: 05lV 

Object: j\ Her A cc: 17:Mt.2 sec z: 2.000 B-V: 0.75 

-}-27:M;.6 Asec z: +.$['6 (B-V)r: 0.7^4 

Table 9 Continuum Analysis 

>\ (A) x 102 C d log I 
log I 
(EaT ) 

log I 
(EXT) 
(I-T0R1-5) 

log 1 
(INST) 

log I 

y,) 

log I 

( V \ 
\pv:m) t,i) 

/ ^ 
U'HTMj 

36 - 03 000 

38 73.1 108 -1730 -lli75 -566 -373 -1221 060 

1»0 ii6.2 308 -1276 -1072 -163 -179 - 206 622 

k2 31l.8 1(22 -1136 - 998 -089 -081; - 088 817 

kk 27.6 530 -1038 - 907 002 012 - 03/4 925 

k5 28.5 518 -103k - 909 000 000 

k6 28.5 518 -103li - 916 -007 035 - 099 796 

U8 37.7 392 -1259 -1051) -11J5 01 u - 25U - 00 557 000 

50 57.1 219 -1371 -12 P. 7 -378 -0L(3 - I4OI - hoi 397 397 

52 62.6 179 -ll>20 -1350 -UJI -052 - 626 - 08k 237 82ii 

58.9 203 -1360 -1292 -363 001 -115k - 008 070 982 

s6 51».2 2h0 -1332 -1267 -358 01 li - 00 - 083 000 826 

V7.9 288 -12^9 -1393 -2814 035 - I9h 6I4O 

li5.5 313 -1227 -1379 -270 029 - 369 Ii28 

69 I4O.7 360 -1177 -1325 -216 051 - 569 270 

6U 22.6 620 - 968 - 911 -002 181 - 819 152 

66 25.3 566 -1006 - 953 -ohh 199 -132li 01)7 

68 51-3 238 -1311 -1263 -35 U 108 _ <=0 000 



Table 9 Continuum Analysis 

Plate Ko: 26 Emulsion: I03a-F Date: I963 Oct. 1$ MK Sp: KOIV 

Object: r{\ pep a: 20: 3 sec z: 1.133 B-V: 0.92 

<£j+61:39 Asec z: -.281 (3-V)c: 0.95 

>\(A) x 102 c d log I 
log 1 
(EXT) 

log I 

(EXT) 

(MORM) 

log I 
(II--8T) 

log I 

UJ 

log I 

! v \ 
IFHri-iy (l) /  v \  

\PHTM) 

36 75.0 100 - - CO 000 

38 29.6 Itffi -1055 -121.7 -762 -569 -lij23 038 

^0 1$>,2 700 - .833 -328 -3hh - 371 h26 

k2 oe.i 1080 - 577 - 551; -069 -C6k - 068 855 

kk 06 .JLi 1202 - 5io - 522 -037 -027 - 073 8U5 

k<j 05.8 122.2 - hsi - w 000 000 
• 

k 6 05.3 1287 - 150 - h55 030 072 - 206 622 

I18 06.3 1206 - 5iiO - 550 -065 09ii - 362 - oo 1(35 000 

^0 09.6 992 - 686 - 706 -221 llJt - 330 •- 330 Ii68 Ij68 

•52 09.0 1020 - 68I1 - 706 -221 168 - 110 136 776 1368 

08.3 1060 - 681 - 693 -208 176 - 691 167 2 Oh U469 

07. e 1067 - 680 - 698 -213 159 -11(26 0^6 0^8 109X 

06.7 119li - 638 - 66l -176 - 00 - 086 000 820 

06.9 1160 - 673 - 700 -215 0SI4 - 31k 1]85 

6?. 07.0 1159 - 673 - 693 -208 059 - 561 275 

6U 05.8 121*6 - 637 - 65o -155 018 - 982 lOfc 

66 06.9 1160 - 679 - 691 -206 037 -1186 032 

68 19.5 690 - 921 - 93li -1^9 015 - do 000 



Table 9 Continuum Analysis 

Plate No: 26 ^ Emulsion: I03a-F Bate: 3-963 Oct. 26 MK Sp: 

Object: Rtf Aur a: 05-.05J-! sec z: 1.000 B-V: 

rf: +30:22.1 /iscc z: -.1j 3 ) j  (B-V) r '• 0.60 

>\(A) x 102 C a log I 
log I 
(KT) 

log 1 
(EXT) 
(NORi-i) 

log I 
(INST) 

log I 

( B ^ 
VKITMj 

log I 

I v \ 

I 

! B \ 
\PHTM; 

I 

( M  

36 60.0 070 - 00 000 

38 62 Ji 100 -1515 -1599 -1)70 -277 -11 ill 072 

Uo 1)9.0 279 -1320 -1392 -263 -279 - 306 li9lt 

k2 38.ii 382 -1183 -121-7 -lie -113 -.117 76I4 

kk 33.6 liliO -1118 -1177 -0l>8 -038 - OCl) 82!) 

1*5 30.5 1)83 -1072 -1129 000 000 
• 

U6 1)0.6 360 -1231 -1265 -136 -09b. 
" 

- 228 592 

48 62.6 179 -3.1(61 -1502 -373 -211) - 1)82 - CO 330 000 

so 78.6 078 -1650 -1696 -567 -232 - 676 - 676 211 213 

«52 76.1 079 -1625 -1668 -539 -150 - 828 - 182 111 9 658 

«^U 77.6 083 -1590 -1630 -501 -117 -1272 - 126 053 7148 

^6 78.3 060 -I59li -1631 -502 -130 - CO - 227 000 593 

77-0 086 -1571 -16(36 -Ii77 -158 - 387 hlO 

77 .h 085 -1576 -1609 -1*E0 -181 - 579 26U 

72.3 122 -1500 -1532 -h03 -136 - 756 175 

6U 58.8 20l) -1357 -1387 -258 -075 -1075 O8I4 

66 61.0 190 -1377 -II1O6 -277 -02I4 -151)7 028 

68 76.0 095 -1555 -1502 -1)53 009 - CO 000 



Table 9 Continuum Analysis 

Plate No: 28 Emulsion: I03a-F Date: 1963 Oct. 17 MK Sp; AOV 

Object: 1^ Aur a: Ol[;55«9 sec z: I.J466 B-V: 

cf: +37:li9 £sec z: 

/N(A) x 102 c a log I 
log I 
(EXT) 

log I 
(EXT) 
(NORM) 

log I 
(irlST) 

log I 
/ 3 \ 
( Tvi tj-> r r I \rn.L,.i/ 

log I 

I v\ (i) 1 ̂  
36 77,5 08 5 -I59O -llllO -1086 676 

38 25.5 568 - 737 - 608 - 28h 351 

ko 09.lt 995 - 333 - 237 087 02b, 
' 

b2 07.9 1095 - 268 - 197 127 -055 

. . . .  .  _ 

kk 08. h 1058 - 310 - 278 0lj6 -022. 

09. h 1000 - 363 - 32)4 000 000 

k6 11.5 917 - hyi - 395 - 071 0lj6 
—\ 

1 

CO ~=
t 

18.0 725 - 580 - 552 - 228 157 

so 36.9 hOO - 906 - 892 - 568 hhl 

^2 li6.li 308 -1009- -looij - 680 511 

$k ij6.6 302 -1005 - 997 - 673 1|63 

s6 W.3 283 -1027 -1017 - 693 UUh 

Jj9.0 278 -1030 -1027 - 703 391 

.60.. ... 50.2 271 -1039 -lOljl - 717 361 

6?. 52.2 253 -1062 -1058 - 7314 331 

6h 51i.li 237 -1086 -107b - 750 305 

66 56.5 223 -1106 -1096 - 772 301 

68 6I1.0 168 -1191 -II8I1 - 860 599 



Table 9 Continuum Analysis 

Plate No: 28 Emulsion: 103a~F Date: 1963 Oct. 1? MK Sp: GOV 

Object: HD 1397h a: 02:llw2 sec z:  1.035 B-V: 0.61 

6'  + 3h;03 /^•sec z: -.1)31 (B~V)„: 0.65 

/\(A) x 102 c. d log I 
log I 
(EXT) 

log I 

(SXT) 

(NORM) 

log I 

(liIST) 

log I 

/ B \ 
I r-T-IC': 1) 

log I 

1 V \ [PHTI-V 
/ ® ) 

U'iiTMj 

36 72.0 115 -1500 -3)j.2h -982 -306 - 00 000 

38 ai.9 3^6 -1005 - 971 -529 -178 -1032 092 

Uo 17.1 —2?l - 51|2 - 529 -087 -063 

-056 

- 090 

- 060 

813 

U2 12,8 871 - Ml - hb3 -001 

-063 

-056 

- 090 

- 060 871 

Ui4 11. h 918 - 120 -003 -025 - 071 8I49 

11.2 931 - ijl6 - kh2 000 00 0 

....... 

k6 11.7 912 - h33 - 169 -017 029 - 105 785 
hS 17.2 750 - 569 - 599 -157 000 - 268 - 00 5ho 000 

so 30.1 i»90 - 811 - 85o -loe 039 - Ii05 - hC$ 393 393 

52 35,7 )J15 - 886 - 930 -km 023 - 655 - 009 ??l 980 

32.0 I460 - 61i2 - 878 ~h36 027 -1126 018 075 I0k2 

^6 31.2 175 - 825 - 856 -hih 030 _ 00 - 067 000 857 

5B 30.0 h90 - 810 - Sh7 -I405 -008 - 237 579 

fio 28.5 Slli - 785 - 625 -38 3 -022 - L20 380 

62 29.0 508 - 789 - 822 .-3.80 . -0h9 - 660 2Uj 

6U U91 - 806 - 829 -387 -082 -1062 083 

66 32.3 1J58 - 8I1O - 863 -121 -120 -16U3 023 

68 ... - 00 



Table 9 Continuum Analysis 

Plate Ko: 28 Emulsion: 103a--F Bate: 1963 Oct. 17 MK Sp: 

Object: T Tau a: Oli; 19.8 sec z: I.I33 B-V: 

+19:26,5 Assc z:-.333 (3-V)r.J 1.27 

/\(A) x 102 c d log I 
log I 

(S.vT) 

log 1 

(EXT) 

(UORF'i) 

log I 

(Ii-IST) 

log I 

/ B \ 
\PHTMj 

log I 

fv \ 'vFHTi>V 

I 

1 33 ) 
\y^4j 

I V )  

36 - CO 000 

38 -

ifO eh. 6 Oli 3 -1690 -175 0 -1,62 -1(18 - 391 li06 

k2 78.9 076 -1535 -1588 -300 -355 - 359 1.36 

kk 67.0 II16 -1319 -1368 -080 -102 - 11*8 711 

62.3 179 -121)0 -1288 000 000 
• 

h6 62.3 179 -1235 -1281 008 O51j - oso 832 

UB 73.0 109 -1370 "ill 12 -l2h 033 - 235 - 00 582 000 

50 88.5 023 _ 

52 92.0 010 

86.7 035 -1600: -1633 -3w5 118 -1037 109 092 1285 

s6 83.6 0^8 -1515 -I5h6 -256 ) f 6 _ 00 089 000 1227 

58 80.3 066 -1lou -111 63 -175 222 - 007 9P.k 

... . 60 76.9 068 -1361 -1389 -101 260 - 138 728 

...fP 73.9 103 -1327 -I35h -066 265 - 355 Wi2 

fk 71.0 121 -1279 -13 oli -016 289 - 711 195 

66 72.1 115 -1297 -1321 -033 2 68 -1255 056 

, . 68 87.0 030 - - 00 000 CD 
O 



Table 9 Continuum Analysis 

Plate ITo: 28 Emulsion: 103a*-F Date: 1963 Oct. 17 MK Sv: 

Object: r<•/ Aur a: 05:05«J* sec z: 1.022 B-V: 

+30:22 £se.c k: -.hhh U±LY1c± 0*70 

)\(A) x 102 c d log I 
log I 
(EXT) 

log I 

(EXT) 
(I-IORM) 

log I 
(INST) 

log I 

( B 1  1 "DUrrr? [ 

log I 

1v  i  (P A i l l J 

I 

1 B \ .(RJITM / 
/ V) 

36 89-0 022 - - CO 000 

38 614.1 166 -1360 -Us53 -590 -239 -1093 081 

ko 1j5.0 313,. -1035 -1U7 -25ij -230 - 257 553 

k2 3h .i| Ii31 - 887 - 959 -096 -151 - 155 700 

kh 30.0 li90 - 809 - 87ii -00 9 -031 | - 077 638 

28.7 513 - 800 - 863 000 000 

k 6 38.2 386 - 928 - 988 -125 -079 - 211 615 

1+8 SlwO 233 -1120 -1177 -311* -15? - b25 _ 00 376 000 

«50 .75.8 093 -139.7 -ltoe -585 -138 - 582 - 582. 262 262 

52 76.7 078 -lli30 -Hi 7 8 -615 -lOlj - 782 - 136 165 731 

72.3 112 -135U -1398 -535 -072 -1227 - 081 059 830 

s6 73.8 10l| -1321 -1362 ~h99 -055 - CO - 152 000 70S 

JZ2-" 109 -1309 -13U8 -h85 -088 - 317 hP2-

£ri 71.7 118 -1290 -1327 -I46I1 -103 - 501 315 

70.9 _121 -1280 -1^.5 -1)52 -121 - 7lil 182 

6if 60.I4 193 -1151 -II8I4 -321 -016 -1016 096 

66 63.5 170 -1387 -1219 -356 -055 -1578 027 

68 83.7 01*9 -1520 -1550 -667 -088 - fiO 000 



Table 9 Continuum Anc lysis 

Plate Ko: 199 Emulsion: 103&-F Date: 3 ?6l.j June. 17 Ca3 ibr'i t:ion Str 

t,nv Object: Cr B 0,: 15:33.1 sec z: l.O'iO MK Sr.: 

t:ion Str 

t,nv 
cf + 26:50 Asec z: B-V: 

X(i) x 102 c d log I 
log I 
(V.T.) 

loe 1 
(NORM) 1 s' 

log I 

( B\ 
log 1 

I v \  (PHTi-i) 
/  » \  
(PHTMJ ( (PHTi-i) 

^6 56 s6 221 -1630: -1268 -iUi5 735 

38 11.7 911 - 880; - 597 - h8h U7 
I40 02 »0 17^7 - 350 - 138 - 015 126 

h2 01,5- 3.860 - 250: - 091 032 OI4O 
.— — 

kb - Ol^ 120Q__ lr 215 •_ - lie 005 019 

IT 

01.3 1900 - 220; - 1 2 3  000 000 

U6 01.3 1900 - 225: - 139 - 016 -009 

1.R 02.6 16lj0 - 1433 - 366 - 2h3 172 

SO ..._<£ ,2 - 661 - 617 - h9h 373 

52 06.1 1235 - 729 - 697 - 57h i<05 

5^ 06.8 1162 - nh - 7h2 - 6I9 hop 
s6 08.0 1066 - 827 - 795 - 672 JU33 

' 58 09.3 1000 - 865 - B16 - 722 2,16 

60 09.2 1005 - 860 - 860 - 737 381 
— 

62 13.6 8W - 9k9 - 928 - eoh hoi 
.. 6k 12.lt 883 - 932 - 900 - 777 332 

66 15.6 792 - 980 - 9148 - 825 35h 
6R 36,0 h09 -12l|0 -1213 -1090 591 



Table 9 Contirmivm Ars:lyr> i s 

Plate Uo: 1951 Emulsion: 103a-F Tate: 1961j June 17 • MIC Sp: GOV 

Object: 0 Con a: 13:10.1 sec z: l.Oljl! ' B-V: 0,57 
( 

6' ->'28- Ok Asec z: -f-.OOlj (B~V)r.: 0,59 

>\(A) x 102 C d log I 
log I 
(i«T) 

log I 
(EXT) 
(NORM) 

log I 
(il'IST) 

log I 

/ B ^ 
(pKTI-jj 

lo:. 

V' U) U'i iTM) 

36 _ - co 000 

116 
— 

38 lo.o 338 -1330 -loltf -317 -080 - 93)4 

000 

116 
— 

1|0 19.2 700 -1031 - £19 

- 802 

-089 __ 

-072 

037 010 

- 036 

1023 

921 • k2 11.6 912 - 961 

- £19 

- 802 

-089 __ 

-072 -032 

010 

- 036 

1023 

921 
" 

kb 06.3 1060 - 826 - 718 -012 -031 015 1035 

hi 08.2 1080 - 827 - 730 000 000 

1*6 07.6 1087 - 815 - 729 001 -008 -' 1I12 721 

UB 15.6 781 - 982 - 915 -185 -013 - 281 - 00 512 ono 

?o 27.3 531 -1150 -1:06 -376 -003 - W7 - 14)47 357 357 

52 31.2 1477 -upo -1158 -1428 -023 - 701 - 055 199 881 

. 30.?... 1^83 -1382 -1150 -120 -011 -1166 - 020 068 955 
56 29.5 500 -1170 -1138 -Ii98 025 - 00 - 07? Bh7 

5fl 29.1 50? -1166 -111(6 —2jl6 000 - 2; $90 

6n 27.2 538 -11)43 -1137 -1)07 -02 6 - b: • 377 

3ll.O !J37 -1220 -1198 -I168 -O67 - 6- 201 

6k 32.8 1j50 -1206 -117)4 -UhU -112 -iv 077 
66 ljij.2 326 -131)4 -1282 -552 -198 -17 M 

—̂  H 

019 

68 _7JL±5 111 -1602 -1575 -81J5 -25)4 - £0 000 

vj 



Table 9 Continuvjn Analysis 

Plate No: 199 Emulsion: 103?.-? Date: 196)1 Jime 17 MK Sp: 

Object: AS 20$ ct: 16:0 sec z: 2.559 B-V: 

+18: 33 /!soc z:+3 ̂519 _ rB-v"L'. 1 Js8 

>\(A) x 102 c d log I 
log I 
(LAT) 

log I 
(EXT) 
(NORM) 

log I 
(Ii-ST) 

log I 
/ 3 \ 
(PKTMJ 

log I 

U )  (PMTIVV / ^ 
\P3iTI-i) 

36 - DO 000 

38 . 

1*0 78,0 082 -1820: -i55o -580 -161 -h81 330 

k2 60.9 192 -lli9li -1251 -28)4 -2hh -2 US 565 

kk 35.1 i]20 -1232 -1010 -ok 0 -021 -067 857 

U<5 30.6 hG2 -1183 - 970 000 000 

k6 27.2 539 -lllj2 - 938 • 032 023 -I3h 735 

UB 13J. hh2 -1217 -1025 -055 117 -151 _ oO 706 000 

so 53.h 2U3 -1397 ' -1223 -253 120 -3214 - 32h Li7h hlh 

•52 57 .U 217 -lli26 -126). -291. 111 -567 079 271 1200 

sit 1)0.7 360 -1280 -1130 -160 21(9 -906 2h0 12il 1738 

3Ju9 ll20 -1230 . -1092 -122 311 _ 00 21h 000 1637 

25.5 566 -112? - 990 -020 366 157 11)35 

6n 23.1 612 -1091 - 965 005 386 -012 973 

6? 22t.O 592 -1105 - <?8< -015 3 86 -23U 583 

6U 15.9 781 - 982 - 868 102 ii3U -566 272 

66 18.1 722 -1010 - 911 059 hl3 -911 123 

68 39.2 376 1-12 67 -1165 -195 396 - 00 000 



Table 9 Continuum AncJvsas 

Plate I'lo: 200 Emulsion: 103rv-F D?.te: 1S6»! June 18 Calj.bration St^v; 

Object: c< Or B a-: 15:33,1 f sec %\ IcOCo i-E Sp: AOV 

c^: + 26:50 Asec z: B-V: 

A()0 x 102 C d log I 
log I 

(V.T.) 
log 1" 

(K0K4) 
log S' 

log I 

f M I PHTM J 

log I 

! v \ 
1PHTH) 

I 

I *) 
(niTj-i) 

/  * \  
(PIITM j 

3$. • ... 6!i e9 160 -

88 12J, 688 - 990 - 571 -192 259 
—— 

ko 0318 3141.3 - 500 - 171 208 -097 
—— 

k2 03.2 1558 - M o '  - 179 200 -128 
~ . 

kk 02.9 1580 - 520 - 37h 005 

000 

019 
— 

03.0 1566 - 530 - 379 

005 

000 000 
— 

k6 03 cO 1568 - 535 - 1J99 -120 _095 

131 ... U 8 piaJ 1288 
951* 

- 685 - 581 -202 
— 

_095 

131 

50 ... lOolj 

1288 

951* - 872 - 802 —Ii 2 3 
— 

302 

52 13.6 81<8 - 932 - 882 -503 33!'. 

15.1 802 - 962 - 912 -533 323 

56 17.5 739 -1007 - 957 -576 329 

58 16.1 723 -1018 - 990 -611 305 
* 

60 17,5 739 -1006 -1000 -621 2 65 

. 62 22.0 631 -1078 "iol<6 -667 261-

6k 18.0 722 -1018 - 961* -585 lliO 

66 . 23.3 602 -1100 - 9b6 -567 096 

6.8 3k.l Il3l! -12i.<l ? 98 -819 320 
vo 
H 



Table 9 ContiniriM Analysis 

Plate rio: 200 

Object: Aig 209 

Emulsion: ] 03-

a: 16:147.0 

Eate; 19o1j .Time 18 

sec 2 A69 B-V: 

/\(A) x lo2 c d log I 
log 1 
(EXT) 

log I 
(EXT) 
(Kom-0 

log I 
(Ii-JST) 

log I 

/ B \ 
(PHTMj 

log I 

(v i 

V-
I 

/ B \ 

I 

/ n 
U'liTM) 

36 - - 00 _000 

38 68.8 132 -

_000 

ho 60.3 1£5 . ̂ 125.0 

-1316 

-212 

-030 

-309 

-158 

ijpjl 

- 162 

I161 
k2 52.6 250 -35140 -1316 

-212 

-030 

-309 

-158 

ijpjl 

- 162 689 

kk 51.2 262 -1515 

-11485 

-130c 

-1286 

-022 -003 - 0h9 893 

k5 50.3 268 

-1515 

-11485 

-130c 

-1286 000 000 

i+6 52. h 250 -1525 -1335 -0li9 0146 - 088 817 

H8 . 58.5  208 -1570 -1591 -105 026 - 2I42 - OO 573 000 

<50 68.1 li»0 -I8I1O -1678 -392 -090 - 5314 - 53k 292 292 

S2 71.9 115 — 

5^ 66.0 lhl -1030 -1690 -hOh -081 -1236 - 090 059 813 

s6 69.8  129 - 00 000 

58 65.1 159 -1752 -1629 -3li3 -038 - 267 5L'l 

62.1 182 -16th -1537 -25l -olzi - 381] 1413 

6? 62.1 182 -I65h -151)2 -256 008 - 612 2iih 

6U 2 Oil -1581 -190 -o5o -105 0 089 

66 58.8 20)4 -1581 -11)60 -1914 -098 -1621 02 li 

68 - - 00 000 
\ 3 
fO 



Table 9 Continuum /.rr lysis 

—— 

Plate I;o: 20i; Emulsion: 103.^ -F Date: 3.96)i ,]ii T v 26 CEP ib^a i/l or S+.f 
Object: ?| UMa 00: 13:1(6 „ 1 sec 7.x 1.556 b-iK Sn • 

cf h9: 2$ _ r; Asec z: B-V: 

A(-K) x 102 C d log I 
log I 
( V » T C )  

log I 
(NORM) 

los S' 
log I 

/ B\ 
I PliT'i-I) 

log I 

/ v \ 
(phtm) (fiitmj 

! v\ 
(PHTM J 

___ -;6 37.0 1)02 -1780 -2271 - 51|0 597 

- .38 13.1 865 -1226 - 839 - 108 222 

ko 05.0 1328 - 896 - 612 129 027 

k2 Ok .2 11128 - 831 - 61di 087 -016 
J 

kh .03.9 . Uh8 - 8li0 - 7 Oh 027 -005 

Us 03.9 1I.&8 - eii8 - 731 000 000 
.  . . J  

i;6 0I4.I lli28 - 850 - 753 - 022 -003 

-  . . .  h8 06.7 1195 - 985 - 920 - 189 103 

so 13«k 853 -1213 -116? - h36 287 

- 52. 18.3 707 -1310 -1297 - 5U0 337 
~ 

21,7 6hl -1352 -1330 - 599 3142 
56 2ljc6 58>j -1395 -1378 - 6U7 333 

- 58. 27.3 533 -11j32 -Hfl9 - 688 33li 
60 27.6 525 -HJIJO -lliho - 709 2 63 

62 31.0 h37 -1513 -11*91 - 760 265 

6k 1)1 eb 35 2 -1590 -l$hh - 813 - 278 

66 147.5 292 -1655 -1615 - 8 81 j. 323 

68 66.0 _153 -£S2&_ -1809 -1078 1*95 



Te.blc 9 Continuum Ann,] y s x s 
1 

Plate TJo: 205 Emulsion: 103a-P Date: 196-'i July 26 MK Sp: K5V 
Object: 61 Cyf; A a-: 21:01.5 sec z: I.I67 B-V: 1.19 

( ( :  +38:314 Asec z: -.389 

/\(A) x 102 C d log I 
log I 
(EXT) 

log I 
(KT) 

(l-iORM) 

log I 
(IJ'ST) 

log I 

/ B ^ 
\PHTMJ 

log I 

a 

I 

/ B ) 
(PKIv! J 

(. 
\ jl'J i'.J.'i-i / 

36 78.0 032 - - C3 000 

38 6lj.l 166 -2250 -233k -928 -706 -1560 028 

iiO 2U) ___&2. -1 $h9 -hhl -lilij - Ml 362 

k2 16.5 767 -1300 "13624. -257 -253 - 257 553 

kh Oo.l 1016 -1107 -1166 -059 -06U - 110 776 

h5 08.0 1080 -1060 -1107 000 000 
h 

b6 06.1 1238 - 960 -103ii 093 090 - 01414 90li 

U8 10,6 950 -1155 -1206 -099 ooll - 261l - CO 000 

22.li 622 -1361 -lij 27 -320 -033 - Ijll - 1)11 368 388 

^2 22. lj 622 -1376 -1)4] 8 -311 026 - 652 - 006 223 986 

^h 762 -1261 • -1301 -I9h U8 -1007 139 098 1377 

16.1 776 -1261 -1298 -191 llj2 - CO - 01J5 000 1109 

..., 58 12,6 680 -1200 •1235 -128 186 - oli3 906 

fin 10,6 938 -1165 -1198 -091 172 • - 226 59U 

62. . 10.6 938 -1167 -1199 -092 . 173 - kh7 357 

6k 10_ii 9I4O -1166 -1196 -0 89 189 - 811 155 
66 12,!i 883 -1197 -1226 -119 213 -1310 0I49 

68 23.8 593 -1386 -II4I3 -306 189 - c-o 000 



TcitO.G p Continuum Anr.l.yniw 

Plate No: 207 Emnlsion: 103n-F Date: l?6h .Tuly 27 Calib^at.-ion Str>">'1 • 
Object: 3.6 Op /• a: 19:h0r5 sec v.: 1.079 MK SI): 02 Y 

-i 50: ?/'; Asec z: B-V: 

9 
A 00 x 10 C d log I 

log I 
(V.T.) 

log I 
(N0RI4) log S' 

log I 

I M  IPHTH) 

log I 
/ V \ 
IPHTH) 

I 

/  B \  
(PHTMJ 

i 

/  v \  
_.... _ 36. 7k.l 3.03 -

__ 38 37.3 392 

780 

-1510 -566 316 

ko 16,0 

392 

780 -1069 -125 005 
— b2 _11^_ 900 - 970 -026 -028 
— 

bb 09.7 r-22.2 - 906 038 056 
• 

b5 10,5 950 - 9hh 000 000 
• 

h6 10.9 932 - 9$6 -012 026 " 

. _17«9 ' 728 -11.21 -179 193 

iiUi - .  50 32.1 ii62 -1360 -2;36 

193 

iiUi 

— 52 38.5 382. -lii65 -521 523 

$k— 37,6 388 -Ui52 -508 511 

lil.8 3U6 -11*92* -550 550 

... «?8 itO.9 358 -11*79 -535 501 

6o li2.3 32*2 -12*96 -552 509 

62 ii7.6 290 -1561 -617 563 
6h 2*7.8 287 -1568 -62U 553 

— 

66 56.6 221 -1678 -731* 650 
• 

68 Jll*.0 062 -



Table 9 Continutun Analysis 

Plate I'o: 207 

Object: 61 Cyg A 

EmO-Sion: 103 a 

a: 21:01.5 

Date: 1961; July 27 

sec z: 1.269 

MK Sp: y£j_ 

B-V: 3J9 

>\(A) x 102 C a 

% 

log I 
log I 
(EXT) 

log I 
(EXT) 
(NORM) 

log I 
(Ii'IST ) 

log I 
/ B \ 

log I 

1 v \ til 

I 
( V \  
U'HTI-i) 

^6 _ - 00 000 

38 60.2 196 -1910 -1868 -1051| -738 -1592 026 

*10 25. 566 -3268 -1232 - I4I6 -Ul3 - Wo 363 

" 581 ' k2 Uj.9 809 -10lj8 -1016 - 20b -232 - 236 

363 

" 581 ' 

hk 09.0 1020 - 887 - 858 - 126 -100 - Hi 6 715 

07.5 10E8 - 8li2 - nh 000 ooo 

k6 07.5 1120 - 827 - 800 Oil; dio - 09h 805 

kQ 12 e 7 680 -1000 - 97h - 160 033 - 235 - CO 582 000 

RO ^3.5 600 -121-0 -1217 - il03 oU - U03 - ii03 397 397 

52 25.0 575 -1272 -1250 - U36 087 - 591 055 257 1135 

20.7 663 -1208 -1188 - Ill 137 -1083 12 8 083 " 13h2 

16.0 789 -1129 -1111 - 297 153 - 00 056 000 1137 

16.1 780 -113 h -1116 - 302 199 ' - 030 933 

15.3 798 -13 ?? -1105 - 291 218 - 180. 661 

18.5 712 -1179 -1163 - 3h9 211* - ho6 393 

6U 18.8 702 -1183 -13.68 - 35 h 199 - 801 158 

66 25.1 572 -1282 -1268 - I6h 196 -1327 017 

6R BUS 237 -161*9 -1635 - 821 - - CO 000 



Tabic 9 Contimwm Analysis 

Plate No: 209 Envois ion: 10 V- - F D'rcc: II961; July 27 Calibro-tion Star: 

Objcct: >7 IT Kn 
V 

<x: 33:^6.1 sec z: 2cC»li M SP; B3V 

1 

A(X) x io2 C a log I 
log I 

(Win) 

1—
1 !-;
1 

b' 
O S

 
H
 —
 

log S' 
log I 

( M  
IPITJ7M J 

log I 

[ v \ 
PHTM j 

I 

/  B \  
(FHTI-lj 1 m  (PIITM) 

~;5 75.0 100 -1905 -1396 - 983 lOliO 

38 

iio 

25.9 -1121 - 73h - 321 1j35 38 

iio 09.0 1020 - 701 - hll - 20h 150 

U2 06.5 1200 - 585 - 398 016 056 

hk 05.6 1279 - 555 - I1I9 - 006 028 

U5 o5.o 1330 - 530 - hl3 000 000 

U6 06,2 1232 - 595 - 1»98 - 085 060 

Jifi 12. h 882 - 801 - 736 - 323 227 

so 18.0 721 - 902 - 856 - W(3 2914 

52 29.3 500 -1065 -103li - 621 1(10 

5^ 30.6 i»62 -1056 -103U - 621 36U 

56 35. h lil8 -1115 -1098 - 685 371 

58 37.2 hOO -1133 -1120 - 707 333 

6o U0.9 358 -1177 -1177 - 76U 318 

62 ' -U6.0 265 -1263 -12lil - 828 333 

6k 50. li 267 -1312 -1266 - 853 318 

66 55.1 23k -1360 -1320 - 907 3I16 

68 6h'9 161 -11*95 -lLi59 -101*6 I463* 



Table 9 Contimnan Analysis 

Plate No: 209 Emulsion: 103a-F Date: 1964 July 27 KK Sp: G2V 

Object: 16 Cyg A a: 19:40*5 sac z :  1.064 B--V: 0.64 

-f- 50: 24 £sec z: -1.000 

B--V: 

.61 

>\(A) x 102 c d log I 
log I 
(i££T) 

log I 

(EZT) 
(l-:01'u'j) 

log I 
(LITST) 

log I 

/ B ^ (PHTMJ 

log I 

1v \ Irh 
i v) 
U'HTM] 

36 63.0 173 -1680 - 972 -1224 -22)} - CO 000 

085 38 28,2 521 -1190 -UjOO - 652 -217 -IO7.I 

000 

085 

40 11*8 903 - 781 - 961 - 213 -073 - 101 

- 0>8 

792 

42 08.5 1058 - 680 - 860 - 112 -054 

- 101 

- 0>8 687 

44 07.0 1160 - 625 - 773 - 025 003 - 043 906 

06.34 1203 - 606 - 748 000 000 
• 

46 07.0 1160 - 635 - 771 - 023 037 - 097 800 

48 12.9 867 - 811 - 938 - 190 037 - 231 - 00 568 000 

*50 2)4.0 592 - 999 -1015 - 267 027 - 417 - 417 383 383 

52 28.3 518 -1050 -1158 - 410 000 - 678 - 032 210 929 

27.3 531 -1025 -1125 - 377 -013 -1168 - 022 068 951 

56 28.0 522 -1028 -1120 - 372 -001 - cO - 098 000 798 

58 28.1 521 -1029 -1117 - 369 -036 - 265 543 

. . 60 28.6 506 -1039 -1123 - 375 -057 - 455 351 

6? 29.9 493 -1056 -1136 - 388 -055 - 675 211 

64 30.0 492 -1065 -1141 - 393 -075 -1075 084 

66 35.5 417 -1X37 -1209 - 461 -115 -1638 023 

68 Ii6.ii 305 -1263 -1331 - 583 -120 - CD 000 



Table $> ContinuiM Analysis 

Plate J!o: 209 

Object: DI Cep 

Emuls i on: 103 a -F 

a 22:55.3 

Date: 196'! July 27 

sec z: 1.095 

/Vice 7.: -.9 69 

/N(a) x io£ 

36 

Uo 

k2 

kk 

_ki_ 
1|6 

U8 
-50-
_52_ 

_5.6_ 
-58_ 
6o 

_£2_ 

_6k 
66 

__6B_ 

61 cO 

iiO.O 

20.6 

13.3 
11,6. 

11.0 

12.3 
20.2 

33.1 
hO.9 

hi.2 

111 .5 

U.O 

hl.O 

kOc9 

bO.h 

15.0 
_52i5_ 

ion i 

191 
366 

655 
852 

9lh 
932 
690 

676 

_Ml9_ 
356 
353 
350 
357 

J&7_ 
358 
361 
319 
250 

-I51i6 

-1356 
-1020 

- 620 

- 773 
- 765 
- 795 
- 920 
-1121 

-1206 

-1195 
-1195 
-1170 

-1168 

-1185 
-II89 

-I2I46 

-13̂ 2 

log I 

-1796 
-1566 
-1200 

- 960 
- 921 

- 907 
- 927 
-10li2 

-1237 
-13llj 

-1295 
-1287 
-1258 

-1252 

-1265 
-1265 
-1318 
-llilO 

log I 
(EXT) 

(NORM) 

-869 

_z.659. 
-293 
-072 

-Qlb 
000 

-020 

-135 
-330 
-h07 

-368 
-380 
-351 

-31.5 
-358 
-356 
-lill 

-503 

log I 
(IHST) 

-151 
-22h 
-1)43 

-016 

0]li 

000 

OilO 

092 
-036 
003 

-02h 
-009 

-018 

-321_ 
-025 
-0t|0 

-065 
-Oho 

log I 

/ B ^ 
VPKTIlj 

- 00 

-1078 
- 170 

- 020 

- 032 

- 09/l 
- 176 

- I1O8 

- 675 

-1179 
- CO 

MIv Sp: 

B-V: 

(B-V) r  O c C O  

log I 
f V 
L-iiXM 

/ M 
U'HTM! 

~ CQ 
- 140S 

- 029 

- 033 
- 106 

" 2U7 

- H25 
- 6LI5 

-101*0 

-1588 
- CO 

000 

083 
676 

955 

J222_ 

667 

391 
211 

066 
000 

000 

391 
935 

_Q2J_ 
783 

'566 

376 
227 
091 
026 

000 



• rable 9 Continuvnn. Ana lysis 

Plate No: 210 Enrols ion: 103--; F Date: lo6h Jul v 0? Calibre. tion Rt^r-; 

Object: <f a: 19:bhrfi sec z: U/>7 KK Sr»: R9»5ttt 
<f: 1,-5:00 Asee z: B-V: 

8 
A(>.:} >: 10 c d log I 

log I 
(V.T.) 

log 1 
(l-JOIu-i) 

log S' 
log I 

(*£») 

log I 

4,̂  (JL) 
I 

I V\ (PHTM/ 

._ 36. 58,0 210 "1200 - 857 - 877 1473 
— 

__ _j8 12,2 825 - 3lsL_ - 088 - 108 036 

ho 05.9 1250 - 090 099 079 -039 

k2 05.0 1330 - OliO 110 090 -020 

kh 05.3 1325 - 055 Od'i Ohh -022 

. .  *15 05,1-! 1295 - 080 ' 020 000 000 
-

h 6 06t0 12 ho -135 - Oh7 - 067 OhS 
... ltR 09.1 1020 - 290 - 223 - 2h3 179 

*>0 18 eO - 505 - Ii55 - hlS 359 

... . 52 23.8 593 - 605 - 560 - 580 1*17 

25. *8 558 -.630 - 583 - 605 h02 
56 30.lt 1*83 rJ£5 - 6li5 - 665 hl9 

*?8 33.1 hhB - 730 » 690 - 710 hll 
* 

60 Jk*6_ 1*28 750 - 730 - 750 395 

62 1*3-3 338 - 830 - 800 - 820 I4I6 

61+ lit.7 303 - 865 - 825 - 81(5 395 

66 52.0 258 - 915 - 675 - 895 1*12 

68 69.0 132 -1090 -io5o -1070 507 • 



Plate Ko: 210 Emulsion: I03a-F Date: 1961+ July 27 MK Sp: 0?V 

Object: 16 CVR A a; 19; J (0c5 eec z: D. .JLl|2 B-V: .6U 

if: S- 50: 2l| /\sec z: -.025 (B-V)n : 0.62 

Table 9 Conti nui:m_ Analys i s 

>\(A) x 102 c a log I 
log I 
(iWT) 

log I 
(EZT) 
(NORM) 

log I 
(Ii'IST ) 

log I 
/ B ^ 
(pKTMj 

log I 

!Z\ • i-L l-i/ 
tli 

000 

I 

I v \  

36 5£.o 230 -neo -1186 -81+7 ~3h7 - CO 
tli 

000 

38 2o.O 525 - 710 - 715 -376 -3I4O -1191+ 061} 

Uo 13.3 £55 - 3yo - 395 -056 -095 - 122 

- 029 

755 

k2 11,0 932 - 330 - 331) -005 -02> 

- 122 

- 029 935 

kh 10.0 970 - 305 - 309 -030 -052 - 098 798 

k5 09.3 1005 - 335 - 339 000 000 

h6 09.8 975 - 310 - 31U 025 070 - 06ii 863 

U8 16.0 780 - 1|60 - Ii63 -12l+ 055 - 213 - OQ 632 000 

so 27 eii 532 - 675 - 678 -339 020 - 1+2U - h2h 377 612 

*52 33.1 UU8 - 735 - 739 -399 018 - 660 - 01I+ 219 968 

35.6 i+18 - 760 - 763 -U2li -02 2 -1177 - 031 067 931 

^6 36.8 1+00 - 770 - 772 -lt33 -om - OO - 111 000 775 

36.3 1+05 - 765 - 767 -b2 8 -017 - 21+6 568 

6n 37.3 392 - 780 - 782 -1+1+3 -01+8 - 1+1+6 358 

1+0.6 360 - 810 - 812 -1+73 -057 - 677 210 

6h 1(1.0 356 - £15 - 817 -1+78 -083 -1083 083 

66 1+6.0 310 - 855 - 857 -518 -106 

68 61,0 190 -990 - 992 -653 -066 - OO 000 



Table 9 Contimvum An? •lysis 

Plate No: 232 Emulsion: 103a~F Date: 1965 Janc 1 Calibra tion Rtr"''* 
Object: "tt3 Ori a; Oil: 1j7 .9 sec z: 1.36) 1 MK Kr>; VhV 

c f :  06:55 Asec z: B-V: O.J£ 

A 00 x 102 C d log I log I 
(V.1'0 

log I 
(HQRi-i) 

log S' 
log X 

(piffl-i) 

log I 

Ut) 
I 

/ M (PIlTMl (J& 
_ . 36 93-0 003 <=• 

" 

38 62.0 182 -1021 - 631} -310 197 
IjO 35.3 hl6 - 67 3 - 389 -065 05 6 

" 1 — 

Uz 26. J ( 250 - 505 - 318 006 -007 
-

kk 22.9 613 - l)5o - 31h 010 -010 
" 

22.6 621 - iiia - 32b 000 000 

be 23.3 607 - Ii57 - 360 -036 035 

- .. bd 31.0 lt78 - 60b - 539 -215 201 . 

_ 50 b8.G 280 - 858 - 812 ~bd9 b$b 
2̂ 5h»h 238 - 928 - 897 -573 519 

rA 57.7 213 - 970 - 9148 —62 Ij 556 

56 60.1 198 - 991 - 9 1 k .  .  -650 568 
58 60.5 193 -1003 - 990 -666 559 

— 

60 60.0 199 .. - 991 - 991 -667 529 
—  . . . .  

62 . 6ln9 160 -1061 -10 39 -715 5̂ 9 

6̂  66.7 lii8 -1081 -1035 -711 522 

66 72.5 111 -1160 -1120 -796 593 
68 6b»7 OI43 -1325 -1289 -965 755 



Plate No: 232 Emulsion: 103a-F Date: 1965 Jaru 1 MK Sp: 

Object: n:Aur a: 05:05..'! sec z: 1.1;66 B~V: 

cf: +30; 22,1 Asec z: + .099 (B-V)c : o.li3 

Table 9 Continuu'n Analysis 

*
 

(-
> 
0
 ro
 

c d • log I 
leg I 
(iSXT) 

log 1 
(EXT) 
(II01\i i) 

log I 
(li-IST) 

log I 

I B ^ 

log I 

iz.\ 
liTiiJ Li/ 

I 

/ B ) / ^ 
36 61.0 191 -1022 - 997 - 793 ~ CO 000 

38 29.3 501 - 560 - 539 - 335 -138 - 992 101 

^0 17.3 7l|l - 310 - 292 - 088 -032 - 059 673 

13.9 81|0 - 230 - 2U4 - 010 -017 - 021 953 
——. 

Mi 12.7 £80 - 20t> - 191 013 003 - Oij 3 906 
1 

12.9 870 - 218 - 20l* 000 000 

U6 15.0 805 - 270 - 257 - 053 -018 - 152 705 

1+8 27.5 532 - $hh - 531 - 337 -136 - ijOij - CO 395 000 

50 1|3.9 327 - 790 - 778 - 568 -llii - 556 - 556 277 277 

52 1|9.5 296 - 633 - 822 - 618 -099 -'777 - 131 l6y 7 k 0  

... . .ft 
Ij6e9 300 - £2l* - 8lli - 610 -o5U -1209 - 063 062 865 

56 50.8 263 - 675 - 866 - 662 -09u - 00 - 191 000 61lll 

58 5U> 260 - 861 - 872 - 668 -109 - 338 k$9 
60 51.5 259 - 883 - 875 - 671 -1242 - 51*0 269 

60 53.0 21*7 - 907 - 899 - 695 -111 6 - 766 171 

6k 51.0 262 - 877 - 870 - 665 -liil -IH1J4 072 

66 57.7 212 - 965 - 959 - 755 -162 -1685 021 

68 81*. 0 0h6 -1323 -1316 -1112 -357 - 00 000 



Table 9 Continuum Ana.lyr.is 

Plate No: 232 

Object: t Tau 

Emulsion: 103a-

<x: Oli:19»8 

+19: 26 -5 

Date; 1965 Jen, 1 

sec k: 1.0r/l 

Asec z: -.296 

I4K Sp: 

X(A) x 102 c d log . I 
log I 
(KAT) 

log I 
(EXT) 
(l-IOK'i) 

log I 
log 1 
/ B \ 
[FrZMj 

lo rr I 

/ V 
(l-HTi ij 

I 

/ B \ (pj-rrv.-y / ^ 
36 - ~ OCX 000 

38 91 cO Oil -

*40 65.5 156 -1103 -1157 -397 -3Ui - 368 1429 

1*2 50.6 266 - 890 - 938 -278 -285 - 289 r 5Ui 
— 

hk bb.2 326 - 795 - 839 -079 -089 - 135 733 
38.5 382 - 717 - 760 000 000 

.. .. 

k6 36.3 ii08 - 681 - 122 038 073 - 061 669 

h% 50.5 266 - 881 - 919 -159 0li2 - 226 - OO $9h 000 

?.o 72 c8 109 -1210 -12hh -JjBli -030 - b7h - hih 336 336 

52 77.1 088 -1252 -128)} -521# -005 - 683 - 037 208 9T8 
69.3 131 -lli-2 -1172 -1|12 lisU -10.11 135 096 1365 

. .56 _21*2 116 -1375 -1203 -Wi3 125 _ CO 028 000 1067 

sR 65.3 158 -1080 -1106 -3li6 213 - 016 9614 

_... 60 61.2 190 -1008 -1033 -273 256 - Hi2 721 

62 68clj 139 -1101 -ID 25 -365 m - h36 366 

6k' 65.3 158 -1063. -10814 -32h 198 - 802 158 

66 67.9 HiO -1100 -1H22 -362 231 -1292 051 

68 _££*£ 018 ~lljl2 -11)32 -672 083 - 00 000 

_B-Vj _ _ 

(B-V)r 0.9? 

O 



Table 9 Con* CO. mvo'.u Iwiv Jyr.j.K 

Plate No: 236 ETIMI s:lon: 103a-F Dat?: 3?65 J-'.n . 27 Ce.1 ilira ivi Oji 

Object: ~)'(7' Ori OA Oh: hi «9 sec 7,: ItJ •>;! Mi: fir,: F6v 
< f x  05:55 Asec r; B-V: 0 

X 00 X io2 C d log I 
log I 
(\VJ?c ) 

I03 I 
(KOK-S) 

loS B' 
lor; I 

I M 
Iog I 

I V \  (KSTM j { ̂  d) 
_ .. 16. it 72> -IIP 2 -906 683 

38 5-7 123? - 69h -310 197 

*10 2 *5> 1650 - 360 -06'< 075 

h2 2.2 1710 - 297 -022 021 
• 

hk 2.1 17hO - 276 000 000 
. . . . .  

h5 . 2.1 17iiO - 276 000 000 

ii6 2.1 17liO - 206 -010 009 

. ... UB 2,7._ 1612 - !|21 -lil? 131 

--^C) iio6 1382 - 626 -35o 315 

1281 - 720 -hiih 390 

8.3 1078 - 871 -601 533 

56 6.0 12 lil - 780 -50I1 ii22 

58 6.1 123? - 802 -526 J419 
• 

60 6.0 12M - 806 -530 392 
~ 

6? 7.1 11^0 - 662 -566 h 20 
fh 7.2 llli5 - 666 -590 hOl 

66 10.0 971 - 9CO -7 Olj 50.1 

68 21.2 6J18 -1217 -9hl 731 



Table 9 Continuum Analysis 

Plate Mo: 2 36 
. 

Emulsion: 103:-F Date.: ? ?65 Jan . 27 Ml v S o: FOV 

Object: p Gem a: 07:26,9 see z: 1^16 B-V: 0.32 
\ 

6: *33:52 •̂sec z;- «213 (B~V)r: 0.29 

>\(A) x 102 C d log I 
log I 
( E X T )  

log I 
(£XT) 
(l-:0KM) 

log I 
log I 
/ B \ 
IHEMJ 

log I 

u U) 
( ̂  
U'nTi-ij 

36 ?iL3 519 •OliVO -11.20 -1021 -338  ̂C.O 000 

38 6,3 1202 - 670 - 628 - 229 -032 - 886 130 

ko 3*6 111 91 - 1*97 - Ij6l - 062 013 Oil* 1033 

1*2 2.7 1620 - 386 - 351i ol*5 021* 020 lOh'l 

kh 2.6 1582 - 1*27 - 398 001 001 - ol*5 902 

2.8 1582 - 1(27 - 399 000 000 
r 

k6 2.9 1560 - WJ5 - hlB - 019 -010 -1 bb 718 

1*8 li.li _12?1 - 590 - 165 —03li - 30? _ OO 1*99 000 

50 6.8 1161 - 797 - 71k - 375 -060 - 5ol* - 5ol* 313 313 

52 7.6 1092 - 860 - 838 - 1*39 -069 - 7l<7 - 101 179 793 

•5-1! 7.5 1116 - 852 - 832 - 1*33 -100 -1255 - 109 056 778 

56 _10L,5 950 - 983 - 965 - 566 -llili - c-O - 2lii 000 571* 

RR 10 „6 9l]0 - 990 - 972 - 573 -I5h - 383 l*lli 

fin 11.8 901 -102li -1007 - 608 -216 - 611. 2l}3 

6? Hi.9 606 -1098 -1082 - 683 -263 - 883 131 

6b 21;. 1 831 -1080 -1065 - 666 -265 -1265 051* 

66 16,0 72 6 -1160 -11116 - 71*7 -21*6 -1779 017 

68 37.8 388 -111 62 -Hil{8 -loii9 -318 - 00 000 



T able 9 Contl Anc lyr,5.fi 

Plate Ho: 236 Enmls ion: 103:.- F Date: 3. 965 J.m 2? MK £p: 

Object: rf Tau ct: Oli: 19, e SflC 7.: UM B-V: 

-f 3-9: 21 >c5 /^soc z: -!-. 03.0 1=07 

>\(A) x 102 C d log I 
log I 
(r;Jr) 

log I 

(I-Of J-i) 

10,3 I 
(li-IS?) 

log I 
/ B ^ 
U-SJJ 

I03 I 

' v \ 
\vr.m) /.I) U'l-.v:] 

36 91=3 Oil - •• CO 000 

38 69.9 126 - -

Uo 32,8 1J50 -1531) •0-53h -521 -Ui6 -U73 337 

k2 18 c J-i 716 "1186 -13 86 "173 -152 -156 698 

kk Uu9 806 -1093 -1093 -080 -080 -126 7k 8 

h5 32 Jt 883 -1013 -1013 000 000 

k6 11 ell 918 - 983 - 983 030 039 -095 

-

BOh 

btt 16*2 751 -131.8 -13J|8 -135 -COii -2?2 ~ e>0 535 000 

so ...33.9 13 8 -3li71 -lli 71 -h 58 -li',3 -587 - 567 259 259 

52 3H.9 h22 -lis 87 -3J587 -hlh -O8I1 -762 - 136 173 766 

?!)- 28o7 ^12 -1380 -1380 -367 166 -989 157 3.03 111 36 

29,8 1(96 -1385 -1385 -372 050 - CO - oil 7 000 897 

5B 25.0 575 -12 9h -129U -281 138 - 091 811 

6n 23.9 59h -1263 -1263 -250 3l;2 - 256 555 

6? 28.1 522 -1328 -13" 8 -315 105 - 515 306 

6k 22 J, 62k -1237 -1237 -22). 177 - 823 150 

66 27.6 530 -1322 -3,322 -309 192 -1332 01)7 

68 68 »lj 139 -1800; -1800; -867 -136: - 0 000 



Table c> .Contjjixrun Anr lysis 

Plt'.vS No: 236 Emulsion: I03o-F Date: 1$>65 J<~n . 27 I-K Sp: 

Object: ft : av.t ct: 05: 05 J; sec z: l c 9 ) ' 2  D-V: 

(f: -t' 30: 22 r l  /\scc z: v, 809 (C-V)c;: 0.30 

/\(°) x 102 c a log I 
log I 
(EXT) 

log I 
(EXT) 
(IIOEM) 

log I 
(IKST) 

log I 
/ \ 
(PKTM) 

log I 

fc',) (i) U'u.vJ 

36 91.3 Oil - 00 000 

38 55 c 6 226 -2100: -1932 -755 •"558 -12(12 039 

J*0 30.7 lj 82 -H187 -13><3 -166 -091 - lie 762 

h2 2li.JU 587 -1331'. -1206 -029 -003 - 012 973 
• 

hk 22,9 615 -1313 -1195 -018 —018 - 06!t 863 

22.3 628 -1291 -1377 000 000 

k6 26.1 556 -1371 -1262 -085 -076 - 210 617 

k8 Ii3«0 338 -1630 -1528 -351 -220 - 2.8.8 - co 325 000 

w 63.9 167 -1910 -1817 -62.0 -325 - 769 - 769 170 170 

52 70.0 126 -2000; -I93J.! -737 -32(7 -1025 - 379 09k 2A8 

5k 63*3 172 -1880 -1800 -623 -c 90 -122,-5 - 099 057 796 

7k.9 100 -1970; -I896 -719 -297 - 00 - 392i 000 IIO2j 

58 16 eh 091 -1920; -1850 -673 -252) - 2483 329 

60 7 lj.8 101 -1910; -182.13 -666 -272} - 672 213 

f? 78 o? 078 -1930: -1866 -639 -269 - 869 129 

6k _>»6 102 -J/'OO- -17?8 -621 -220 -1220 060 

66 77.2 086 -1970: -1912 -735 -23U -1757 018 

68 8 5 . 2  020 «rs - oo 000 



Table 9 Coiitimnr.-i fr,p lyr.'i.j 

—- ——-— 

Plate Mo• 23? Emulsion; 103?.-] •> 

Date: 1965 Jan, 28 O 1 •: hr-p 

FBV Object: "K'30ri a: 0)i: h 7.9- sec z: lc122 HK Sp; 

B-V: - + 0 

FBV 

cT: -V 06:55 A"cc 

HK Sp; 

B-V: - + 0 J.t5 

X0i) x 1 o2 C d log I 
log J 
(V.Tj 

lo£ ] 
(I'lOiU 

; 

0 
lo- S' 

log I 

/ M 
I putt.: ) 

3 or; 1 
/ v\ 
1 

I 

(B \  
(plii'M f 

I 

/  v \  
(pnTi-iJ 

_ 3'S 111 .7 3h7 -1555 -1009 7 66 

38 H4.I G38 - 902 - v-'.*- 2I1.3 

ko 6,1 3 237 - 535 Oil -020 

h2 a.? 1369 - 1(60 086 -06? 
— • •— — 

kk 5*0 13 30 - 522 02l< -02li 

!»«? 5.1 1322 - Skt 000 000 
-

146 ll.O lUi2 - it82 - Obb. 063 

... I18 13.8 _8Jk? - 929 - 383 369 

5-0 17 a 7b9 - 991 - 1(1)5 ho 

... 52 23.2- 603 -1110 - 56h 510 
~ 

-5k 19.6 _6& -i0j46 - 500 ii32 

56 23 601 -1126 - 560 1j98 

58 23.0 613 -1105 - 559 1452 

60 25.1 5714 -1126 - 56o 1|1|2 
•• 

62 _25J> 505 -1178 - 632 i16 5 
_ 6U 29.0 506 -1176 - 630 lilfl 

66 38.3 3£2 -1279 - 732 529 
—-

68 30.2 b09 -1679 -1133 923 



Table 9 Coir . .• t'J. muaVi /mr Jyaj.fi 

Plate IIo: 237 Emulsion: 103 r-1 1 
Date: 3-9 >-v «Jm( 28 MK Sp: FOV 

Object: p OCT a: 07:26,9 sec 7-\ 1.167 B-V: 0,3? 
\ 

S-. + 31: 52 Ar;ac z: -i- .0)5 (B-Vlr- : 0.2? 

\ ° p 
A (A) x 10 C d log I 

log I 

(EXT) 

log I 

fjiLTT) 
(VjEi-i) 

I0.3 I 
(livST) 

log I 

/ B \ 

log 1 

Iv \ {j i-K-V 

I 
f B \ 

lira] 

I 

( V \  
Ura] 

36 IjWl 322 

O
 

G
\
 lA r—

I 
1 -1578 -1053 -267 - OO 000 

38 12,0 900 . - 830 - 820 - 295 -052 - 906 l?b 

ijO 5c6 1280 - ^98 - I189 036 016 - Oil 975 

k2 It. If 1386 - 1|23 - 1|15 130 023 019 101.5 

kk I1.6 1378 - U90 - I.i6 3 0).|2 018 - 026 938 

k5 ii«9 I3I4O - 531 - 525 000 000 

k6 5.1 132 ? - 560 - SSb - 029 -006 - HjO 725 

. IFO 7.9 1091 - 7hl - 735 - 210 -Oiil - 309 ~ O0 1J91 000 

50 .. 17.ii 7li0 -1003 - 998 - J;73 -063 - 507 - 507 311 311 

*52 22,3 628 -IOJ1J1 -10 39 - 51b -08ij - 762 - 116 173 766 

5k 22,0 633 -1085 -1081 - 556 -12 [[ -1279 - 133 053 736 

r,6 25.2 575 -1329 -1125 - 600 -102 - CO - 199 000 632 

. 58 27.8 5214 -13 69 -1165 - 6JjO -188 - 1A7 383 

-60 29.7 U99 -1180 -1376 - 651 -209 - 607 2hl 

. . .  6 ?  h32 -1237 -123U - 709 -2Wi - Bh 137 

f,k 32.8 150 -1221 -1218 - 693 -252 -1252 056 

66 1*0.5 361 -1298 -1295 - 770 -21-1 -1761. 017 

68 68.6 133 -1526 -1523 - 998 -315 - 00 000 



T able 9 Coir L,i nuuv:; Anc lysis 

Plate no: 237 Emulsion: 103--F Date: 1965 J< 28 ivii\ iip* 

Object: T Tav. a,: 0).J: 19«8 ECC z: 1.252 B-V: 

-!-19: 21 s A 3 17 .130 : 1.20 

}\(A) x 102 C d log I 
log 1 
(i^T) 

log I 
(2XT) 
(KOFJ-i) 

log I 
(li-IST) 

105 1 

/ B N 

bsij 

lo- I 

Iv 

I 

U) 

1 

I. n 

36 . « cO 000 1 
38 77.0 OS 7 -2100: -2072 -3.000 -757 -1611 025 
Uo Wi.l 325 -1^29 -ll;05 - 333 -353 - 380 1)17 

b2 30.5 Ii83 -1280 -1259 - 167 -27li - 27 8 527 
-

bb 26 <0 558 -1185 -1165 - 093 -13 7 - I63" 687 

br? 21,9 63 8 -1091 -1072 000 000 

b 6 22,0 633 -1097 -1080 006 071 - 0 6 ,  865 
bQ 29.1 5o6 -*121ii -1197 - 125 2]r]l - 021| - OO 9b6 

if 06 
000 

_ 50 li?.8 27lj -1U;5 -ll|29 - 357 053 - 391 - 391 

9b6 
if 06 1(06 

52 55.0 23h -11:70 -lb $6 - 381i 126 - 552 09h 261 121(2 

1-7.3 292 -1193 j -1380 - 308 121. -1031 115 093 1303 

^6 i46.O 309 -1361 -13149 - 277 221 - CO 12 lj 000 1331 

. 5« 38-2 378 -1290 -1278 - 206 21-6 017 lOljO 

6n 38.2 386 -1276 -1265 - 193 2b9 - Ili9 710 

60 li3.3 3314 -1321 -1311 - 239 226 - 39ii ItOli 

... 6b 36.9 hOO -1262 -1253 - 161 260 - 7b0 182 

66 ill. 8 3h7 -1312 -130U - 232 297 -1226 0 59 

68 73.7 103 -1559 -1551 - 1479 hhb - CO 000 



Table 9 ConJ vinvuiiii An? l_y~ *" f, 

— 

Plato No: 2h,0 Fmu-lsion: 103a--; 1? Date: ;65 Jm, 28 Or3 *1 "7 hr-r- iv» nr 1 ,cM-r< V * 
Object: yp'ovi a: Oil:)! 7 0 (< / . . . .  sec z: 3J2? F6v 

</ -J- Co; 55 £sec: z: 13-V: Oc J'sr 

? 
X(;,} x 10 C d I02 I 

log I 
(V.TO 

102 I 
(IIOkM) 

I03 S' 
io:, 1 

f B ) I PI Hi-i) 

I 1 

tk ta 

1 

L . 56. . liC.o 285 - 990 -612 389 

33 . 23.3 _612 - 677 -2 99 186 

iio 6,9 1160 - 370 008 -01? 
. .  

h2 6.8' 1165' - 350 028 -029 
— • . • — • —^,— — 

kh 7.6 1110 - Ij06 -028 -0 28 1 

_ ... i|5 ZJL 1108 - 378 000 000 
——~ 

1}6 8,6 1055 - IjOO -022 021 i 

-. Jift 16.8 7 £6 =JV- -193 179 
— — -  -  —  -

-5.0 27,1} 537 - 725 -3i'7 312 j 
- 52 33.9 1'38 - 799 -1|21 367 i 

33.9 li38 - 798 -1(20 352 

3Lu? lj23 - 806 -k28 3b 6 

58 39.3 372 - 81(2 -h6h. 35 7 
-

-

60 39.8 369 - 8li3 -I165 317 

62 1»3.1 .335 - 870 -b92 326 

6k hh.l 32 6 - 883 -505 316 

66 lil.l 306 - 897 -519 316 

6a. 67.1 2ii3 -1085 -707 h97 



Table 9 Canto. rmura Anc J.ys:i.s 

Plate j •Jo: 2b0 Emi.l nion: 3 03." "F Date;: 1965 Jnn, 26 1-3v S'w. F0Y 

Object P 0-: . 07:26,9 see z: 1.3^6 B-V: 03 2 
V 

-J- 31; 52 5:: . 221; (B-W. : 0-31 

v O 
/\ (A) x 102 C d log I 

log I 
( F.XT) 

log I 
( j f / L T  )  log I 

(li 'ST) 

log I 

U.i vr.-i.u-i/ 

log I 

I v \ 

I 
/ » \ 
[mm] 

/ V) 
\l>i ijVl j 

36 1*6 c 0 309 -- 981 - 931 -659 -280 - CO 000 

33 15.3 799 - 525 - Is 83 -221 -035 - 889 129 
1(0 6.2* 1202 - 275 - 239 023 006 - 021 953 

k2 5.6 128 0 - 236 - 2Gh 058 029 025 1060 ~ 

hk 5.7 1272 - 251 - 221 ohl 003 - OB 906 

6,0 12! 12 - 2.90 - 262 000 000 

b6 6C6 13.98 - 320 - 301 -039 -018 - 152 705 

b8 12.6 881 - h90 - ii62i -202 -023 - 291 - OO 512 000 

50. .. 22.2 631 ~ 660 - 637 -637 -375 - 063 - 507 311 311 

^2 27 cO cJhO - 722 - 7 00 -2i38 -071 - 7h9 - 103 178 789 

27.6 530 - 730 - 710 -1M -096 -1251 - 105 056 785 

^6 30.1 1J90 - 756 - 738 -1I76 -130 - 00 - 227 000 593 

^ • _3i-5 lt70 - 770 - 752 -1^90 -133 - 362 ii35 

6o _23*1 I1J48 - 782 - 765 -503 -186 ' - 58lj 261 

6? 39.6 370 - 8li2 - 826 -56ii -238 - 858 139 

6iL . 38.5 362 - 833 - 818 -556 -2h0 -12lj0 058 
66 1)5. h 318 - 88J4 - 870 -603 -292 -1815 016 

. 68 68.0 lliO -1090 -1076 -812 -315 - 00 000 



Table 9 Continivrai Anc ..ljrE j.S 

Plate No: 2l\0 E'iiulfiion: 103a~F Date: !) ?o5 Jf?n o 28 '•IK Sp: 

Object: T Tau ct: Oh; 19 c8 GC.G X: 1.058 B-V: 

dT: 19:26.5 ft.se.c 2 <06h (B-V), 0 

/\(A) x 102 C d loS I 
log I 
( K£T ) 

log I 
. CKVx ) 
(norm) 

los I 
(lrlST ) 

log I 
/ s \ 

log I 
f V \ 
(PHPM) 

I 
{ >3 \ 

I 

U'MM.' 

36 90.0 018 - CO 000 

38 72. k 112 -1500: -1511 -83h -61/8 -1502 032 

^0 hl.k 291 -1005 -1015 -338 -355 - 382 hi5 

3JJL.II h2 - euo - 8h9 -172 -201 - 205 62I4 
_ _  

kk 27.5 530 - 7hl - 7h? -072 -100 - Ih6 JLg 

hi 22 ..9 615 - 670 - 677 000 000 

JLg 

k6 22.6 621 - 665 » 672 005 026 - 108 780 

3iu6 I428 - 816 - 823 -Oh 6 133 - 135 - CO 733 000 

*10 53-2 266 - 960 - 966 -269 023 - h21 - h21 379 379 

52 59.9 197 -10h8 -105h -377 -010 - 688 - Oh?-. 205 90S 

. .5U 5lo6 260 - 957 - 963 -266 066 -10 89 057 082 ilho 

. —56 5id[ 2 60 - 950 - 955 -278 068 - co - 029 000 935 

- ?a 50.3 268 - 938 - 9h3 -266 091 - 138 728 

60 he.7 283 - 921 - 926 -2h9 068 - 330 h37 

6? 51.9 257 .-_2k3 - 9h8 -271 055 - 565 272 

6k • 1)5.6 320 - 882 - 886 -209 107 - 893 128 

66 52,6 251 - 9h7 - 951 -27h Oh. 2 -II18I 032 

68 85.0 Oh 2 - - oO £0 



Table 9 Coat? nuvon fv.i: lysis 
"H 

Plate I!o: 2)I0 Emulsion: 103R.-F Date: 29tf Jr; . 29 HK f-n: 

Otgoct: Ff.-,' Aur a: 05:05, 1. POO z: 1,367 B-V: 

6 ' V'30; 22 1 ^•goc 7.: -:-.2'I5 1 (B-V)c- OJJ3 
\ o p 
A(A) x 10 C d log I 

I03 I 
(E,:T) 

log I 
(£<T) 
(iiOPJ-i) 

I03 I 
(li'ST) 

102 I 
/ B \ 
1 vn:rn; -
V---' 

lo- I 

LI) 
I 

t i )  
36 79.1 O70 - -- 00 000 

38 lj2c6 3J.il - 935 - 863 -327 -lill : 995; 101 

Uo 23.6 600 - 679 - 63k1 -078 -095 - 122 755 
- — - . — —  —  

k2 18.0 725 - 579 - 539 017 -012 - 016 961} 
kk 19*3 692 - 612 - 576 -020 -OI48 - 09h £ 05 

18.2 _J?3_ _r_5?l - 556 000 000 

h6 21*0 651* - 63.6 - 60], -0I6 -02.'} - 158 695 
hQ 35,5 to* - 612 - 780 -22h -0^5 - 313 - CO h.S7 000 

.. 50 60,3 195 -1057 -1029 -h7 3 -151 - 595 - 595 2 51l 25Ji 

52. . 63.2 175 -1052 -1015 -1)59 -092 -'770 - 12k 170 752 

5l* 6lc0 191 -lOiiO -1015 -ls59 -107 -1262 - 116 055 766 

^6 65,2 -1075 -1.052 -1j96 -150 - CO - 2!}7 000 566 

.. 5B 6i;.l 166 -1057 -1035 -bl 9 -122 - 351 1U16 

60 62.6 179 -1031 -1010 -h5h -137 - 535 292 

. 6? _6°'3 130 -1112 -1092 -536 -210 - 830 Hi 8 

6!+ 66,6 1U7 -1077 -1058 -502 -186 -1186 065 

66 71*8 118 -1325 -1307 -551 -235 -1758 018 
68 - » ~ CO 000 



TaoJ.e 9 Contimiur.-i .Anpiyivi o 

Ple.te Ho: 2);2 feral saon: IC&i-F Date: 1965 7.'ob, 

sec z; lc333 

19 P.*A 1 -JHVR . 
Objecrfc: 'j ^Qri o,; 0h:h"(.9 

Date: 1965 7.'ob, 

sec z; lc333 KK HP; FoY : 
c/ -f-06: 55 Ascc z.: P~V: 0,K 

: 

X0-) y. 102 c d loc I 
log I 
(V.T.) 

log I 
(NORM) loG S' 

955 

log I 

/ B \ 
U'llxl-j) 

L°O I 
/ v \ 
iPiri'i-i J 

1 

/ M (PHTi-lJ 

36 67 J. 111 -2100: 

log I 
(V.T.) 

-13.76' 

- l>2l| 

- 066 

loG S' 

955 

53 

llO 

22 „ 8 

17.1 
_kk -13li6 

- 988 

-13.76' 

- l>2l| 

- 066 

311 53 

llO 

22 „ 8 

17.1 757 

-13li6 

- 988 
..... 

-13.76' 

- l>2l| 

- 066 o<7 

023 h2 114.5 810 - 9h6 

..... 

- 02)j 

o<7 

023 

kk 1J( J 618 ~ 937 

- 922 

r_qi5_. 

000 

"0.15 
— 

13-6 

llu6 

850 

~ 937 

- 922 

r_qi5_. 

000 000 
... 

ke 

13-6 

llu6 81$ > :l9_38__ 

.-JL137 

~ 016 015 
hft 36.0 6i :i 

> 
:l9_38__ 

.-JL137 - 215 201 

389 5.Q lfl,6 ijl6 

-1J;26 
- h2h 

201 

389 i 
__ 52 3h»l 31(7 -1J;26 - 5oli 2J50 

r,h 39*7 36g ~lli02 - itr.o hl2 

1(66 

• " ""I J 

56 1|6<6 303 -1)170 

- 51<o 

hl2 

1(66 

_ .. 58 1(5.8 309 -1). 62 - 51<o li.33 
1 

6o 5o<0 -3l> 66 zJhL_ 

- 63is 

IJ06 
1 

62 56.6 221 -1556 

zJhL_ 

- 63is l.i 65 

1 

.. 6k 50.1 265 -1U76 - 556 367 
" 

66 55 dj 225 -1525 - 603 1|00 
. 68 90<0 oie -



T able 9 Conto. /:i?r lysis 

Plate No: 2h?. Emulsion: 103?' p rate: 1965 Fet . 19 > if C'-^ .  iiiv op; 

Object: p Gem «: 07:26,9 sec : 1.3': 6 B-V: 0 .32 
\ 

(f- -J- 31:5<° Asec 7,: -; .213 : 0,29 

>\(A) x 102 c d log I 
>r r  J 

(F.XT) 

log I 
(SXT) 
(HOFJ-i) 

log I 
(l'HST ) 

log I 

/ 3 ^ 

log X 

/ M 

I 

I. M 

36 60.1 070 - OO 000 

30 33.1 ]j.].}8 -131 }0 -1298 -356 -055 "• 909 121 

^0 18,6 711 -1033 - 997 -055 .002 - 025 9 Us 

1|2 16 eh 766 _r_?85 . - 953 -Oil 012 008 1019 

15.1 800 ..z_93'0 - 921 021 006 - 010 _912__ 

hr> 15 c5 795 - 970 - 9ls2 000 000 

_912__ 

k6 17.1 751 -1008 - 981 -039 -02li - 158 695 

U8 27.1 5!iO -1210 -iieis -2li2 -Oill - 309 - OO U91 00 0 

50 IsO Jji 361 -111 17 -iM. -16?. -063 - 517 - 517 30ii 3 Oil 

52 b?<0 200 -1518 -1^96 -575 -125 - £03 - 157 157 697 

Rll lj6«o 303 -11*71 -1^51 -519 -107 -12 62 - 116 055 7 66 

56 53.3 2243 -1560 -151)2 -600 -13 h - 00 - 231 000 568 

58 .52.7 250 -I5I.10" -1522 -580 -H»7 - 376 ii21 

.. 60 £5.6 229 

co
j 7
|
 

-i5Jjl -599 -193 - 591 256 

6p 61,6 l8h -1615 _rl529 -657 -189 - 809 155 

6h 58.1 210 -1560 -15h5 -603 -736 -1236 058 

66 67.O 116 -1620 -I606 -661J -26li -1787 016 

... .68 83.0 052 - - 00 000 



Table 9 Contimiwn An: J yr-i r, 

! '
—J
 

; » /
-J

-
jo

 

—
 

1 o
 

» 
.
 • 

i 21)2 E; iuln;i.o:i: 103a-F Dato: ]Q *.">5 Feb i. 39 KK fto: 

Otgcct: T Ta\i a: Oil: 19 e 8 sec z: 1.333 B-V: 

6' -.'-19; 2< S«5 A-cc z; .000 0, V)r: 1.(6 

>\(A) x 102 C a log I 
log I 

(EXT) 

log I 

(EXT) 
(NORM) 

log I 
(IHST) 

los I 

/ B 

\PKTM/ 

log I 

I M 
(Piiii-V 

1" 

/ B \ 

36 ~ 00 000 

38 81*5 061 - -

i|0 6lul 163 -22)jO -22J4O -819 -762 - 789 163 

1|2 . 149.0 _ -1620 -1620 -199 -176 - 180 66.1 

3h0 -1 ?! 7 0 -11(70 -OLS 9 -061) - 130 77 6 

kr?.. . 39.6 370 -31(21 000 000 

k6 38.0 387 -1398 -1398 023 038 - 096 802 

CO -3
" 

1)9*5 277 -iSh.Q -151)0 -119 082 - 186 ~ OO 652 000 

^0 69 0 2 131 -1800 -1800 -379 010 - li 3h - 1)31) 368 368 

•52 71.1 120 -1810 -1810 -389 061 - 627 029 236 IO69 

. & 6?.3 130 -1755 -1755 -331) 078 -1077 069 083 1172 

r>6 _6 128 -17h0 -171(0 -319 11)7 - CO o5o 000 1122 

58 67.5 Hi 2 -1710 -1710 -289 11)74 - 085 822 

6.0 6ii, 1 I6I4 -161)8 -161)8 -227 179 - 219 60J1 

__£p 68.1 lho -1680 -1680 -259 209 - liii 388 

f>k 67,1 U>5 j£63l_ =1631_ -23 )j 153 - 8li7 lli 2 

66 70c2i 122 -161)0 -16L0 -219 181 -131)2 Oh 6 

. ' 6a -
.  . .  - 00 000 



'able 3 0 I.in e Ana.7\ 
w 

PI ite Ko = 25 Erin.1 ̂ ion: .103: 
— 

no/te • "K\',3 p r--f IK ...H 

. Ir. 

" CV , 
Ob.icct : T  T o n  _ _a_: 0.' i; I9r8 roc 7.\ 

...H 

. Ir. 

i. I.)]j , 

V" 

-

cT.-ro n, OA cf [\ r; p c 

...H 

. Ir. 

X(A) 
C1 

C 
c di 

d 
c 

logl 
c 

— — ——• - —— ~J 

AlosI 
1OETCij 

AlogI 

3O-T„ 
-

"I* 
A-l cr ;T IcB 

^V 

Icv 

Width 

( A )  
ab \ 

_3933_ 62^6 62 Jt -A??. .o#__ -lli70 -2050 580 --06.fi 636 8 5.1 
3.9_68 J&,5_ 77.9 213 _Q.61L_ "1391 -1810 Lao -128 li6.1 8 3.7 
JLI033_ ,56c& _66,_0_ ... .2?̂ _ :1386_ -1530 I h h  -300 ll:l 16 2*3 
J1O66 liC.9 61C1 280 191 -1385 -11:80 195 -201 228 18 l*.l 

. 

llCoO 1(9.6 60 c 3 273 193 -1298 -lljli7 lh9 -22)! 173 15 2c6 
kio?. 1! 1-! .8 60.0 319 195 -1233 -Hi 1.1 208 -1 h9 269 U5 

10 

12 cl 

iliUL. J£_«o_ .59.1 233 207 -1358 -lljio 052 -171 215 

U5 

10 2.2 
1(160 J18.it 58 cl. 283 203 -1261 -111 10 3 29 -157 179 10 l.C 
1(208 50.0 55 cO 272 211 -1290 -1385 095 -157 _13JL_ 

21.1 
35 2 J 

J|?X1 1(5.2 57 cl; 318 217 -1228 -1375 ll:-7 -061 

_13JL_ 
21.1 18 lj .3 

li258 hh.7 $6.9 322 218 -1237 -1372 155 -053 265 12 3.2 
J^T2_ I6.h 56 c 2 313 22U -1360 116 -061* 196 12 2 .I; 

—. 

ii29li hi.7 55.7 290 228 -1257 -1350 093 -097 151* 20 3.1 
, 

1j306 1)0.1 51ul 366 2l|l -1166 -1323 157 -025 267 10 2.9 

li3i,'0 31 J; 53 ̂  hi 2 21.3 -io3i5 -1322 277 13.0 608 20 12.2 

1*376 3li «6 50c0 1|2Q 272 -3.093 -1280 187 039 TOO 3u3 12 14.6 

1*390 ItO.l Jjh.O 366 327 r1361 -1210 0.Ji 9 -068 085 
-

10 _ 0.9 r1361 
— L - - 085 — - J 10 _ 0.9 

. 



Table 10 Liioc /;3)r lyc;i. p 

• PI 

Ob 

ate I-!o: 25 

iect: £_y™ frm-,!-,^ 

_ Date: mk Sr-• 

SI '. _ _ f;o.c %: p,..v. 
r 

X(A) 

ill.! 15 

C1 
C 
c di 

d 
c l°Clc AlocI 

lô T... 

V* 
A-logl 

loClcv 

AI03I 

t1B " 

IcB 

131 

103 

2?6 

1 

I1Y 

Icv 

V/idth 

(2) 
aB \ 

X(A) 

ill.! 15 37 «.6 i-2 o3 392 _ 

_J98_ 

-Ji&L. 

li86 

3h 2 

31-9 

-1135 

_-1126 

-3.031! 

r3J£9 

-•PL2.. 

-3 3 67 

-1150 
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056_ 

_133•_ 

11); 

11 )i. 

-010 
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019 
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loClcv 

AI03I 
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IcB 

131 
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1 

I1Y 
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17 

30 
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\ 
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16 Bh 
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J;0c6 
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li86 
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-1135 

_-1126 
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-3 3 67 
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11 )i. 
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loClcv 
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t1B " 

IcB 

131 

103 

2?6 

1 

I1Y 

Icv 

1?_ 

17 

30 

1C9 

_jyL. 

8c3 

\ 

ili'ZI. 

hOS 
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16 Bh 

,_30c_5_ 

30.2< 

J;0c6 

38 c 8 

392 _ 

_J98_ 

-Ji&L. 
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r3J£9 

-•PL2.. 

-3 3 67 

-1150 
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056_ 
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11); 

11 )i. 
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-071 
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nor* K j ' s j j f  

006 

loClcv 

AI03I 

220 

231? 

150 

168 

15 
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\ 

ili'ZI. 

hOS 

little 
16 Bh 
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33 d 

36 «e 

39cO hi i 9 
377 -103)-! -llli 8 
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_133•_ 

11); 

11 )i. 
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-071 

019 

nor* K j ' s j j f  

006 

loClcv 

AI03I 

220 

231? 

150 

168 

— 
30 7.0 

\ 

ili'ZI. 

hOS 

little 
16 Bh 

30 Ji 

33 d 

36 «e 

39cO hi i 9 377 

371 

-1071 

-107_0_ 

-1100 

-112; 6 077 -032 

220 

231? 

150 

168 

— 

12 I06 

\ 

Ji_62(L 

J|63L 

l:?13 

J32<8„ 

3lu8 39c£ 

1<5 0 

377 

371 

-1071 

-107_0_ 

-1100 

-1155 085 -027 

220 

231? 

150 

168 3-5 _2J__ 

Ui 

0.9 

\ 

Ji_62(L 

J|63L 

l:?13 

J32<8„ 

3lu8 39c£ i\22 367 

-1071 

-107_0_ 

-1100 -13.60 060 -055 131- 12 

_2J__ 

Ui 

0.9 

\ 

Ji_62(L 

J|63L 

l:?13 38.7 Ii3c5 381 332 -111(2 -1398 056 -079 101 9 

_2J__ 

Ui 

0.9 

\ 

iif/OL. 

5270 

J[OxS_ 

39 rft _56.8 

35? 310 -13.70 -1221l 051i h067 095 lh 1«3 

\ 

iif/OL. 

5270 

J[OxS_ 

39 rft _56.8 363 • 218 -13 50 -1338 

-11j76 

188 -03'-! "100 6 325 036 15 h*9 _o<:5^, 

5*7 

iif/OL. 

5270 61 J< 69,2 187 132 -1379 

-1338 

-11j76 097 -673 135 0li2 273 23. 0.9 

_o<:5^, 

5*7 
5ii25 59.8 62^ 198 183 -1378 -1383 oo5 -3271 060 001 oih Hi 0,0 0.2 

6.3 5810 Ii0.2 58.5 366 206 -1136 -1316 180 092 hi 9 3-5 

0,0 0.2 

6.3 
623 1> 07-9 59.2 1090 150: ~hh2 105 13 1 o )-!• 

2c5 
61; 56 

6536 

279 

225: 

275 

221 

-781 d 

-1019 

_079 _ 

039 

. 32 

. 27 

1 o )-!• 

2c5 
61; 56 

6536 L . 

279 

225: 

275 

221 

-781 d 

-1019 

_079 _ 

039 

. 32 

. 27 1.2 



Tal-l c 10 Line 1y." 

Plate I\ro: 2b 

Ob.jcct: T Tan (corfc.) 

_J?iivulnjon: 

a; 

Date: j.':; Hn; 

_B-V: 

X(A) 

. 

°1 c 
c dl 

2460 

D 
c loci-. loSlc Alo^I 

_J13._ 

lOSTc 

AlogJ 

/ 

-• >-y 
V 

-603 

~CJ3 

J]V " 

S 

111 
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J1L 
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lo6 6563 03j2 .-.Q-iL 

dl 

2460 _p±:_ 

Alo^I 

_J13._ 
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dl 
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V 
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V 
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S 
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\ 
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/ 

-• >-y 
V 

-603 

~CJ3 

J]V " 

S 

111 

" 

\ 

lo6 

_—.— 

/ 

-• >-y 
V 

-603 

~CJ3 

J]V " 

S 

111 

\ 

lo6 

— 

_—.— 

~CJ3 \ 

lo6 

— 

_—.— 

~CJ3 

— 

_—.— 

~CJ3 

_—.— 

~CJ3 

f  > 

P 



Plate Ho: pf\ 

Object: T Tan 

Table 30 lane J.--. 

Emulsion: 10>-r Drvts: K'63 Oft- "17 j.'ir q,v 

(X; O.'i: 19 < 6 '/ • p v. 

r-M9:?Oc5 Anr-r- c . 

X(A) 

_3?6G 

Jj033 

I1O66 

liOfn 

C1 

12̂ .1 

?lj^ 

70c6 

71oG 

C 
c 

_66c2_ 

81j ,0 

81.1 

*1 

„_086 _ 

139 

093 

123 

d 
c 

_ooo__ 

026 

l0"Ii l0aIc 
Alora 

_60G;__ 

h9l: 

loSIcB 

T 

AlOjil 

___053_ 

057 

l0-ICv 
'1* 

A'!oC;I 

IlB " 

T°B 

869 

J ] 2 _  
2h3 

252 

J:iv' 

J ° v  
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(A) ab \ 
X(A) 

_3?6G 
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I1O66 

liOfn 

C1 

12̂ .1 

?lj^ 
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71oG 

C 
c 
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139 
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c 

_ooo__ 

026 
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-1392 
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15 
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C1 

12̂ .1 

?lj^ 

70c6 

71oG 
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c 
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81j ,0 

81.1 

*1 

„_086 _ 

139 

093 

123 

0I.6 
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h_09 

-1>,' 81 

-1392 
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-1650 

"-I??" 
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- 179 
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l0-ICv 
'1* 
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IlB " 

T°B 
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J ] 2 _  
2h3 
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J:iv' 
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8 

8~~ 

16 

_18 

15 

7.0 

6.2 

_.3l9 

U.o 

3.0 

X(A) 

_3?6G 

Jj033 

I1O66 

liOfn 

C1 

12̂ .1 

?lj^ 

70c6 

71oG 80 <8 13? .063 -3L|20 -1590 170 - 200 20U 

_307 . 
162 

J:iv' 
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8 

8~~ 

16 

_18 

15 

7.0 

6.2 

_.3l9 

U.o 

3.0 

li!02 68 „£ 80,7 139 063 -1355 -1590 235 - 13li 

20U 

_307 . 
162 

1.5 13.8 
1A33 T2jSL 

70.6 
79.9 115 071 -Hi 13 -1552 139 - 226 

20U 

_307 . 
162 10 

10 

LC6 
1.7 

i;nfeo 

il20G 

T2jSL 

70.6 79 c2 123 077 -139b -1538 LLLLL - 220 170 
12b 

10 

10 

LC6 
1.7 

i;nfeo 

il20G 72*6 79.2 110 077 -U.I30 -1538 108 - 22(9 

170 
12b 3-5 _1,9_ 

lu2 
— $

 I 69.? 78.9 128 078 -1365 -1538 173 h 151,' 231 18 

_1,9_ 
lu2 

— 

li2£8 67 0 3 78.7 LII3 078 -1320 -1538 218 - 07 h 333 12 h.O 

— 

1<272 71 78.6 118 079 -liiOS -1537 129 - 3I;6 icu 

229 

12 2 , 2  
l>29h 70.5 78*6 12)i 079 -1390 -1537 lh7 - 103 

icu 

229 20 Ij c6 
bj 06 65.1 78 <5 160 079 -1306 -1537 231 - 006 1>06 10 li .0 
Ii3l40 52.0 7luO 257 103 -noli -Ili35 331 130 719 

. 377 

218 

20 I h c h  

h6 

2.6 

ii376 50.0 70.2 211 126 -0-179_. 

-123I1 

:1370_ 

-1.352 _ 

..I?! 

116 

02h 

~ 037 

719 

. 377 

218 

12 

12 

I h c h  

h6 

2.6 j£2Q. 62. 2_ Ao 0 162 132 _ 

-0-179_. 

-123I1 

:1370_ 

-1.352 _ 

..I?! 

116 

02h 

~ 037 

719 

. 377 

218 

12 

12 

I h c h  

h6 

2.6 
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! ŝ j \J -̂ 1 (*r\ 

co! co| coj "U"! so 
oj _^rj c\j vrj A 
•LAJ ĉ | 
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IV. Che 'I-Tature of the- Unission Lir.es ir. 2 Sauri Spectra 

The 'SoI doublet in the comparison spectrum at 'X3921.3, 3929.1 is 

carexy x-es0-.vc.0i'j on xow 0„s"-yox*1 ^Cii. places -vrx cii ^ne sj.xc seu aw u«3y -• j 

the resolution at Call K is approximately .C02. Since the T Tauri 

s^  ̂  on j l  j_ i.e ̂ are v j  u  o c h i o ^ - i d  r  o u^*^ uuu d x.*. x xculuy *wi xl 

be encountered in attempting to resolve them. Iio\rever_, the identification 

process has beer, greatly aided by the author's access to some of Joy's 

original 19-1-5 plates. The variable dispersion of Joy's -widened spectra 

r.alces a (3-V) analysis, as outlined in the previous chapter, entirely 

impossible; but, the relative high dispersion (35^/mm at Htf) In the over-

• crowded emission region between II ̂ 3 end Call II ana K has been used to 

great advantage to identify lines and to decide about possible blends of 

.mnes. _lx mus~c 00 xux._y unxers^ooc "cnac "Cxig xden~cxxxcatxons evmiox"ceci in 

~cne xoxxowing oaoxes (has._es anc io) art; suojecc co cse usuax uac<— r>-0.—— 

ties due to blending. Mi 1;ide.itifications are admittedly possible even 

though the best available spectral comparator at the Steward Observatory 

has been used. The following publications have been employed in the process 

of identifying T Tauri emission lines: 

.Allen (19^3) 

Corliss and Bosnan (!9o2) 

Crosswhite (1953) 

Vorrill (1958) 

Moore (1952) '1959) 
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The iir.es have seen arranged in Table 12 in order of observed wavelength.. 

The data has beer, delineated in the r.ost cc-r.preher.sive manner by cross 

referencing erissicn features with individual stellar spectra. Thus all 

cv...c^rc. j ana p—nur.tO^r,' o.re ^norj_zo..ual_Ly across tne 

oij.j ci ^...e ^..e c.'.uG.io Oj. 0..1O p^oS3ii0e Oi ci gxven iCciwurt; m a 

spsctrur.: is designated by a nunber in the appropriate space in the table. 

The numbers are meant to convoy, on an arbitrary scale allowing for 

variable plate quality, the following approximate information regarding 

the strength of an emission feature: 

4 - very strong 

**•* w 1' g« »\ 

2 *•* *n0i^.g^o 

1 - weak 

0 - ccr.pleue absence 

iing the relative strs 

able frcr. the line analysis tables (Table 10). Table 12 is intended 

to serve as a brief index of the line spectral variability of T Tauri 

starsu A large enough statistical sample of Pel and Fell lines exists 

to warrant separate listing by ion and r.ultiplet number; this has been 

done in Table 13 „ Finally ?igJSo 5 are partial energy level diagrams 

showing the observed Fel and Fell transitions. Some of the micro-

densitcmeter tracings of the blue regions are reproduced in Fig's. 6 

ano 7 * 
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,6 >6 

li 

0 

2 

2 

0 

0 

3 

0 

3 

0 

Joy(l?)>5) 
K-l Am-

2 

3 

1 

2 

1 

2 

. h 

2 

j-J 

—o 
Cs 
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T--!."' • 1 r Tvrî nc Li.;' I'.v-' .-v-- : • :i > 

10/13/-'3 io/:i)'/6^ 3o/r//-:' 
23 ?•', 

>. ' ..}: : jlv- -'r jl: -i'u 

ill-0;! Foil ij!»'03.?(3")1? 0 2 3 

J. 616 CrTI h6lu.8()i)i) 33? 

(ic3*«. J:vn ?c?-v)"?i 3 2 3 
l::rTT ' ) ] 

717 ): 700.) • (7 ) 121 

;,-n? TI )'7"13.2( 26) 0 0 0 

Li731 Fcl Ji7?l,°(6?) 1 1 2 

h7"p till h?i;k.0(2y) 0 1 1 

!;fli? Till hf'21tQ( 2;') 1 2 2 

l,P6l I: h?.cl.30 )• L; Li I; 

1,92!; Fell )-0?3.P():?) 2 2 3 

h -O 
Co 



Ta.t-.T-c 12 Intensity Variations in 

10/13/63 lO/lU/63 10/17/63 

23 25 26 
Ident, E'J Aur R-/ Aur K! Aur 

501S {Fell ^bl8.U(U2)j " 2 
(Fel 5012.1(16) ) 

50ljl [Fa I 50lil.8(36) ] 0 
(Fell 5036.Q(36)J 

5053 Fel 5051.6(16) 0 0 1 

trrf n C r I  506'°.2(20) 0 0 1 

5m Foil 5100.7(35) 1 1 1 

5H9 Fell' 5120.3(35) 0 ' 1 0 

5168 Fell 5169.0(h2) 0 2 2 

5227 Fell 523h.6(U9) 1 2 2 

5270 {Fell 525U.'°(h8)1Jl7 
(Fell 5276.0(1.9) J 

1 2 2 

5316 fFoil 5316 . C I S )  
b-eii 5316.6 (uar^j 

2 2 2 

5362 Fell 5362.9(1:8) 1. 0 2 

5310 Foil 5Pll.9(2h) 0 0 0 

T Tauri Scission Lines (cont.) 

30/17/63 1/1/65 1/27/65 1/29/65 
23 232 236 ?h0 Joy (191-5) 

Hi-7 Aur K-! Aur R:J Aur riv Aur R'/J Aur 

1 0 0 0 0 

2 0 0 0 0 

1  0 - 1  0  0  

1 1  2  0  0  

1 12 10 

3 3 0 0 0 

3 2 2 2 2 

2 2 2 2 2 

1 2 1 2 0 

0 0 0 0 0 

h -<! 
no 



Table 12 Intensity Vari atior.s in T Tauri Bnission Linss (con i . )  

X Ident. 

10/13/63 
23 
Aur 

io/ih/63 
25 

R ; Aur 

10/17/63 
26 

KJ Aur 

10/17/63 
20 

E\ Aur 

1/1/65 
232 
H.7 Aur 

1/27/65 
236 

RVJ Aur 

1/29/65 
2U0 

Aur 
Joy( 191,5) 

t?.; •tl. xio.j. 

5366 [Fell 586)>.5(2)4) ? 
I HoI 5875.6(11) J 

1 2 1 , 2 0 0 0 1 

6129. Fell 6129.7(1(6) 1 1 1 1 0 0 0 0 

6150 Fell 6159.1(1:6) 1 0 0 0 0 3 0 0 

6173 Foil 61?G.1(!.;6) r\ 1 1 i_ 1 0 0 0 

6231 fFoII 622?.3(314)? 
(Foil 6239.1i(3ii)J 

j 0 2 1 1 1 1 0 

6130 Fell 6)_;32.6(!;0) 2 <L 0 3 0 2 0 0 

6h 56 Fell 6h56.1;(7h) 0 2 2 2 0 0 0 0 

65lc FsII 65lo.l(liO) 0 2 2 3 2 0 r\ U 0 

6563 H 6562. -°(1) U I) h I, h h h h 

6? 2U: 0 0 0 0 0 0 0 0 

h 
Co 
o 



Table 12 Intensity V?r: 

10/114/63 10/17/63 

J 
h033 {Hel 1.026.2 ? 

<KnI 1.030.8 j 

1:176 C*Till 1:171,? (105)2' 
""'tt r,'r>n') - •j • i ' i v •,; •-1 j 

1 "j * • r c9'' 

X Ident, 
25 

T Tau 
28 

T Tau 

3731 H 373l'.J«(3) 0 0 

3-336 H 3-35.1(2) 0 0 

3389 II 3-89.0(2) 0 0 

3933 Call 3933.7(1) 1: h 

39/:.'0 fOall 396p05(1)) 1; 1: 

1-068 f I'sl h063.$(l?)) 3 2 
Fel lfO?l,7(1.3}} 

':C6V'{1F}J 

1.^0 [3rII ['077.7(1)] 2 2 
(OIL) >4076,2(1^); 

hl021 H lj 101,7(1) 3 3 

)i!33 rcJ M3?.0(1:3) ? 2 

l: 1TiT.: 7(105) ?  2 

r 

tions in T Tauri Emission Lines (cont.) 

1/1/65 
232 
T Tau 

1/27/65 
236 
T Tau 

1/2.B/65 

237 
T Tau 

1/29/65 
2U0 
T T'au 

Jcy(l?a5) 
T Tau 

2/19/65 
21} 2 
T Tau 

0 3 3 3 0 3 

0 3 0 2 C 3 

0 

ll 

]; 

j. 

1: 

0 J 

j. 

1 1, 

3 

1; 

ll 

2 

h 

h 

0 

], 

l. 

9 
1'° 
2 015 218 C 2 

3 3 3 3 0 2 

1 3 ? 0 0 0 

1 *3 3 h 0 

1 2 0 2 2 2 

1 2 0 J 2 1 2 



rn -«. -) *) a Intensity 

1|208 

U233 

h2?h 

h306 

ijlo 

h 351 

Is 37 6 

h3sc 

10/lii/53 
25 

Ident* 

10/17/63 1/3/65 
' 28 232 
T Tau T Tau 

frol h2C2,0(!;2) "I 
tSrll Ii2l5.5(l)J 

(cal !;226.?(2) ] 
I Fell h233.2(27)) 

•rp -rt ' ^on\l9 

{>1 !'27k.p(i; \ 
ire i 1:2?1.?0i2)j 

25'"'.:"' 28} 3 3 3 

3 3 3 

Fc-I h2?2.h(n) J 3 3 3 
CrI L2'°>'.7 (D'f 
Till i.29b. 1(20)J 

Tall U303.2(27) 
Fcl li307.9(U2) 
Jill U301.:>(!;1}J 

xr a fvt ̂  

Fell 1-351.8(27) 

).'375.r(2) 7 
[?el 1;3:3.5 j 

li 

0 

'Till U3!?>.0(1?)") 2 
Fcl 1:3̂ 3 • 6( h"1--) ( 

l?sT.I )«3?5.h(27)J 

fr> <T» • T • f J- *\ j is'.iri .:r:"_rio.on V.r.e;' Krcv.t,) 

1/27/65 1/23/65 1/2?/65 2/1r/65 
236 237 2!;0 Jcy;l?l:<) 21:2 

T Tan T Tau T Tan T Tan • T i'au 

0 . 0  0  0  2  

2 2 2 3 2 

2 2 3 1 0 

2 C 2 2 0 

2 2 2 1 2 

2 3 2 2  0  

h k h li h 

0 0 0 1 0 

0 0 C 2 2 

0 0 C 2 0 

h 
Cn 
ro 



Table 12 Intensity Varin 

lO/l/j/63 10/17/63 1/1/65 

X Ictent. 

uu15 

UU27 

lib 66 11 

hh?0 

ii55e 

J?el iil.a^.1 (M)9] 
(Fell lJil6.e(27) 1 

Fd hi:2?#3(2) 

'Fsl M;6l,?(?) 
Fel 1,16'..C(?) 
Till li!,6*3.5(31) 
Ihl l .hn.'Alh) 

ri7.-t 1:1. co 0/0^ ^ 

Fel UU9U!6(6^) 
FJ.II me?. 2(37) 
Fell IsUSJ1 o Ii(3 7) >* 

Fell l'503,3(3°) ̂  
Fell h5l5.3(37) ( 
Fell U520.2(37) ( 
Fell. h522.6(3^) J 

[Fell U5h?.-5(3P)' 
I Fell );555.?(37) 
ITill U563.6(5C) 
jOrll !;55^.7(U!J 

Fell !:503.?(3B)12 

CrTI hGiZ.Hkl) 

25 
T Tau 

2 

2 

o 

SFc-TI I 629.3 ,37)12) 
{crT: i'63'uku;) j 

23 232 
T T a*1 T Tau 

3 

3 

1 

,ic 

3 

2 

j 

0 

1 

1 

r*~> r* « » « * • / • \ 
- sun —-n.rsxor: j-.ir.-25 ^cor.t. ; 

1/27/65 1/28/65 1/29/65 2/19/65 
236 237 2l;0 Joy(l?h5) 2U2 
T Tau T Tan T Tan T Tan T Tau 

3 2 2 1 2 

3 2 1 1  0  

0 0 0 1 2 

3  3  1 2  2  

3 3 2 2 2 

2 3 2 1  0  

2 3 

2 3 

2 3 

3 

0 

2 

0 

2 m 
cd 
uj 



Table 12 Intel i^ity Variation? ir 
m m • i Emission Lj ne 3 (c-ort • > 

1 Iqgj i*t« 

10/ih/63 
25 

t Tan 

10/17/63 
23 

t tan 

1/1/65 
232 
t tan 

1/27/6; 
236 
t i£u 

> 1/2C/65 
237 

t ?au 

1/29/6; 
2h0 

t tan 
.:cy(19hp) 
T Tan 

?/] c/65 / ' / ^ 
2lj 2 

t iau 

hlOO Fel b700.[;(67) 0 1 2 0 0 0 c 0 

hU3 Fell U713,2(26) 2 1 2 0 0 0 1 0 

h731 Fel 1*731.8(6?) 2 1 0 0 0 0 0 0 

h7c? Till U79k.*(29) 0 0 0 0 0 0 0 0 

hSl7 Till US21.0(29) 0 0 . 0 0 0 0 r\ U 0 

Ii86l H ].86l.3(D b h b b h h 3 1, 

li?2li Fell I1.923.9(^:2) 0 rs u 0 3 0 ' 0 3 1 

5018 J Fell 50lG.l>(h2)) 
(Fel 5012.1(16) J 

0 0 0 0 0 0 3 0 

50U (Fel 501.1.8(36) ) 
(Fell 5036.9(36)J 

0 0 0 0 0 0 0 0 

5053 Fel 5051.6(16) 0 0 0 0 0 0 0 0 

5070 CrI 5068.2(20) 0 ' 0 0 0 0 0 0 0 

5101 Fell 5100,7(35) 0 0 0 0 0 0 0 0 

5119 Fell 5120,3(35) 0 0 0 0 v.- 0 0 0 

5166 Fell 5l69/-(i;2) 0 f) 0 0 0 0 0 0 

5227 Fell 523]6(1:9) 0 0 0 2 0 1 0 0 



Table 12 Intensity Variations in T T z.\: ri Enisolon Lj ngr (ccrt.) 

10/114/63 10/17/63 1/1/65 1/27/65 1/22/65 1/29/65 2/1^/65 
25 23 232 236 237 2UC Joy( 19 U5) 21:2 

I dent. T Tan. T Tau T Taa . T Tan T Tan. T Tau T Tai. T Tau 

llj") o 2 2 2 1 0 0 5270 /Veil 526'j. °>( 1:8) X 
[rail 5276.C(Uy) J 

JPell 5316.6(h?) J 
| Fell 53l6.B(iic) J 

5316 j Pell 5316.6(h?)^ i 0 0 0 0 0 0 

5362 Fell 5 3 62. ?()•") 0 0 0 0 0 0 0 0 

c;o-i i 'J ! ' •:T"l 1 0! N- 3 2 0 1 0 c 0 r) 0 

rT.^ y\\.-•{'?••)} 
^75.6^11) J  

0 0 0 0 0 r> 0 0 

612? Fell 6129.7(h6) 0 0 0 0 0 0 0 0 

6150 Tell 6150.I(h6) 0 0 0 0 0 0 0 0 

6178 Fell 6l7?..l(i:6) 0 0 0 0 0 0 0 0 

623J.L £Fc-H 6229.3(3)0] 
\ j - 3 l I  6 2 3 ? . U ( 3 l i )J  

3 3 3 h u ) ,  0 li 

61:30 Fell 61s32.6'lc} r\ «./ 
0 t_ 0 0 0 0 0 c 

6». 56 Foil 6!'56.h(7l;) 0 2 2 0 0 0 0 0 

6516 Foil 65l6.1(J-0) 0 2 1 0 0 0 0 0 

6563 M ^r,: ̂2.6(1) a • 1. ) ,  h 1. ), h li 

67 ?h 0 0 0 2 3 2 2 h co 
V-n. 



Table 12 

x idcxiof 

373it H 373U.b(3) 

3836 H 3P.35.liC2) 

3889 H 3889.0(2) 

3933 Call 3933.7(1) 

3968 fCej.I 3568.5(1)7 
( H  3 9 7 0 . 1 ( 1 )  J  

1x033 fHel L-026.2] 
(l-inl U030.8 J  

i4o68 r FeI [(063.6(19)} 
j 7el li071o 7(1:3) { 
( [sill b.OC-j c 6( IF) ̂  

h080 firIT h077.7(1)} 
[sn 1.076.2(1?) J 

U1021 H 10-01.7(1) 

1(133 Fd bX32.0(\\3) 

Ll6n Till 1:1^.7(105) 

.orjg in T Tauri EniScion Linos (ocr.t.) 

6/27/6) t 6/17/61., 6/18/6U 
209 199 ?00 

PI CEP AS205 AS209 

0 0 0 

0 0 0 

0 0 0 

a 
), 

0 

1 

0 0 0  

1 0 3  

0 0 0  

h 
co on 



Table 12 Intensity Variations in T Tauri Emission Lines (cont.) 

1*176 

i4208 

u233 

1272 

h29h 

it306 

ii3)j0 

1(351 

1(376 

Ident. 

[Till 1|171.9(105)2 

1 Fell 1(173.5(27) 
IFell Ul78o9(28) 

[Fel 1^202,0(1(2)1 
( . S r I I  1 ( 2 1 5 . 5 ( 1 )J  
(Cal l(226o7(2) *) 
(Fell U233.2(27)/ 

Fell 1(259.2(28)19 

{CrI U27l(.8(l) 1 
1 Fel U271.8(U2 )J 
[Fel U282,U(7l)_ 
/ CrI 1-289.7 (1)^ 
^Till lt29li.l(20). 

Fell h303.2(27)1 

Fel 1(307.9(li2) 
I  Tin U 3 0 1 . 9 ( U l )  J  
H l(3l;0.5(l) 

Fell 1,351.6(27) 

6/27/61i 
209 
PI Cep 

0 

! Fel 1(375.9(2)1 
F e l  1 j 3 8 3 . 5  J  

0 

1 

0 

0 

2 

0 

2 

6/17/ 0I4 
199 
AS 2 05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6/18/6U 
200 
AS209 

,0 

0 

0 

0 

0 

0 

0 

3 

0 

0 



Table 12 integrity 7nr.irtv.cn? in T Tar,rJ_ ^Lsric:; I ires (.) 

1-390 

khic 

[| l 2? 

ideh-

). i. 07 ~>' •"v' -l- !'• I « •-- / 

w.t }.> 'o v: —•- -r-1 > ~i 

'?-• vt !,!. r'•' ->v - '... x  ̂ - / • 
; [ );7it J 

6/27/6b 
209 

di cer? 

ilJ C(?.?)"> 
el 1.333.6(1.1) i 
eTI h3?::*h(27) J 

pel Ithl?.?'Ill)^ 1 
ifell m.3£..p(27)j 

6/:. • /•:• 
199 

0 

6/13/Cl; 

IS- 209 

1;1:?0 Fcl )j'-32.2(2) 
~ ) • 5 >c:) '  /:n 

?eTI 2(3 
Fall ]|l'°l.1'(37} 

1 

1:51? (fell u50v.3c3p)'' 
[Fell U?l?.3(37) 
?sll 1.^20.2(37) 
II li?22.6(30) 

n 

l/l'o 
io>-' -II U5!;9.?(3r') 

7sii l!5??.c?("7) 
Till ivy-'} 

\ .r'r'O. 
1 •- f i \ 

n: 
v ' 1.). v

; 

0 

h 
CO 
CO 



TaMe 12 Intensity Varir.t:lot:r in T 

6/27/6!; 
2r>; 

x idert,, pi cep 

ot-i fell ):^3.9(3b)12 0 

ii6l6 crit l6lr;.8(l!li). 0 

u63l: ("fell h62?.3(37)12 1 2 
[crTi [163)1.1 j 

h700 fel 1x700./<( 67) 0 

47:13 • fct.t. :;?i3.2{26) . 0 

h73l pel h731.6(6?) 0 

till ii79u.^'(2?) 0 

u817 till ,ii321.0(2?) 0 

•
3
 co 

h u"61.3(l) h 

k92k fell l!?23.9(u2) 2 

6/17/6»J 
199 

as 205' 

0 

0 

0 

0 

r\ 
V 

0 

c 

0 

2 

0 

200 
[ ^ 

0 

0 

0 

0 

0 

0 

0 

3 

0 

h 
cd 
v5 



Table 12 Intonr.-jty V-i^la^lons in T 

6/27/6', 
209 

X Idcnt. PI Can 

5018 /Fell 501^.1; ( 1.2)") 0 
[Fel 5012.1(15) j 

50lil (Fel 50hl."(36) 1 0 
I Fall 5036.9(36)J 

5053 Fal 505l.6(lS) G 

5070 
r'rv/.") 0' \ Crx . c.; £0,- 0 

5101 Fell 5100.7(35) 0 

513 9 Fell 5]20.3(35) 0 

5163 Fell 5169.0(U2) 0 

5227 Fell 523H. 6(li9) 0 

5270 /Fell 
(Fell 

526),.P(li°)lh) 
5276.8(li9) J 

0 

5316 /Fell 
f Fell 

5316.6() l9 )-, r"! 
53l6.f}(ln)^J 

0 

5362 Fell 5362.9(1?) 0 

5810 Fell 5811.?(2h) 0 

•iri Srriipsion L:>.r.cs- (cent.) 

6/17/6': 6/18/61-
3 99 200 
AS 205 , AS 209 

0 0 

0 0 

0 c 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

i—1 vd 
o 



Table 12 

6/27/6h 6/17/61! 6/1>v61I 
209 199 200 

I dent. PI COP AS 205 AS 209 

5866 (fell 5p<61:<5(2li)| 0 • 0 0 
\kei 5-75.6(11) J 

6129 fell 6129.7(ho) 0 0 0 

6150 fell 6150.1(1:6) 0 0 0 

6173 fell 6l?5.1(ii6) 0 0 0 

623h ffell 6229.3(31) 1 0" 0 0 
{  f e l l .  6 2 3 9 . 1 ;  ( 3 h )  J  

61:30 fell 6^3 2.6(1-0) 0 0 0 

6u56 fell 6u56.h(?u) 0 0 0 

6563 h 6562.8(1) li 2 u 

672hr 0 0 0 

h 
vo 
h 
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Supple;..entity Notes to Table 12 

1. Blended with an unidentified feature on plates 25 and 23 of T Tau. 

'2. /*vl;171.9 is absent in Joy's spectra of these objects but has been 

found in other T Tau stars. X 1*173.5 is strong in RW Aur, moderate 

In T Tau. 

3. Fel strong in both; CrI moderate in RW Aur, absent in T Tau 

(Joy (19U5)). 

h. Xlji;27.3 absent in Joy's spectra of T Tau but present in RW Aur. 

5o CrI present in RW Aur only in Joy's spectra. 

6. Blended with "^1*306. 

7. Till moderate in RW Aur but absent in T Tau (Joy (191*5)). 

8. Blended with AU390. 

9. Fel absent in Joy's 191*5 spectra of T Tau. 

10. Blended with "X 1*1*27. 

11. *1*1*66 absent in Joy's 191*5 spectra. 

12. Fell is dominant in Joy's spectra. 

13. Absent in Joy's spectra of RW Aur. 

111. X5261;.8 absent in Joy's 191*5 spectra of T Tau and RW Aur. 

15. "X5316.8 absent in Joy's 191*5 spectra of T Tau and RW Aur. 

16. ^5875.6 weak in Joy's 191*5 spectra of RW Aur. 

17. Blended with X 1*176. 

18. Appe S^TS as two distinct features. 

19o CrI li2 5U -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 spectra 

but which were not identified by the author are listed below. It 

should be pointed out that low dispersion though advantageous for 

some purposes necessarily implies greater difficulty in the line 

identification problem. 

Till 14300*1 (III) Fel I4250.8 (1+2) 

U32-1.0 (111) n U325.8 (U2) 

ii 1^330.7 (III) 11 J4J4OI4 • 8 (111) 

u U399-8 (51) u 1|1;35.2 ( 2) 

it UI07.7 (51) 11 U528.6 (68) 

!! 1M3.8 (19) Fell 1J122O6 (28) 

II 14+50.5 (19) u 1+666 • 8 (37) 

II 1501.3 (31) tt II5III.5 (38) 

II 1572.0 (82) n 1+576,3 (38) 

CrI h2$h.3 ( 1) 11 U620.5 (38) 

CrII I+82J4.I (30) 11 5197.6 (U9) 



Table 13a Fei Emission Iir.es Present, in T Tauri Stirs 

(By Ion and Multiplat) 

T.jaboz*ato oolar 
1"':a'Glen,-;trL,t Mult.No. Transition 2?Volts Lab. Int. Chroros, 

5.9 2 5». 7-,o 0.00-2.82 9 
"V " 5 

hh27 .3 5n 7-pO 0.05-2. GU 10 
V *'u 

Ui; 61.6 5-1 7^0 0.09-2.85 8 
2~ -3 

U466.6 ' 5r 7-?o 0.11-2.87 
•^-1 ~ ̂  1 j> 

5012.1 16 • 5-, 5t,o Oo06-3.32 12 
"5" "5 

10 

U731.8 5r 3~.o 2.17-);.77 r~ — i>r 

5051.6. % 5-pO 0.91-3.35 
xri ^ 

50U1.3 36 3„ 3-0 l.ljS-3.93 10 
V '3 

1;3S3.5 V- 3, 5ro l.h84;.29 U5 1 
xiT 5 

iiU5.1 3-n 5p I.60-U.U0 20 
*2" 3 

1202,0 1;2  3^  3pO I.I48-I!. I.|.2 30 2 

4 a 

U271.8 3„ 3no 1.U8-U.37 35 2 
"b ^5 

I1307.9 3-. 3ro l.SS-ii.U2 35 
"3" gh 

UO63.6 U3 3V 3vo 1.55-1;. 59 U5 3 
"3" 3 

1071.7 3-. 3-o I.6O-U.63 1)0 2 
v 2 ~  r 2  

U132.0 3., 3.^0 1.60-L.5? 25 
;L

N 

T- j 

I700.h 67 5* 3-o 2.19-U.31 
. 2" "ji 

J 2 
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Table 13a Fol s.'•ines rTesrynt in T Taiu-i Stars . 

7-.jltiv0.6t) 

avel^nr'thu Ihilt.To, ' Transition EPVolts Lab,Int. Ci.romos, Tau 
Liberate 17/ Liolar T 
' »T7 r-> 1 r,r\ •-•t.h 

u1.q2.3 68 5p 5ro 2.21-u.97 6 3 
1" 2 

uu9u.5 5p 5rc 2.19-u.93 12 3) 
2" ̂ 3 



Table 13"o Fell Znicsion Lines i'resent in T.'^'s.-uri Stars 

(By Ion and Hultiplet) 

Laboratory^ Solar 
ViavclGn^tbi Ilult.Mo. Transition EPVolto Lab. Int. Chromos, 

5311.9 2U 6.,o 2.69-ii. S2 
13/2" 3/2 

536u.5 h-v cvc 2.69-u.80"" " -
13/2" 5/2 

u713.2 26 6^o 2.77-5.39 
rl/2" *3/2 

1173.5 27 bo W 2.57-5.53 
V j5/° 

1:233.2 li_ L.o 2.57-5.U9 11 3 
A 5/2" ^7/2 

).'.35loO 2.69-5*53 9 1 
"3/2" •L'5/2 

UU6.3 i.;_o 2.77-5.56 7 
* *i /o*" -'-'-j j2 

l. o n o o ! ) 1 - o f~ o r' n* £ P; • «_ i-,—, u!ru ci '. ^ o w * j 
* ~ /o- /o 

U335-U ii~ 2.77-5.58 7 
rl/2" ̂ 1/2 

LI7S.9 28 li.. U-.o 2.60-5.50 10 
'-'••/T "7/2 

u258.2 )it- uc 2.60-5.59 3 
'3/2" "3/2 

6229.3 3U 6„c 2.82-I4.0O 
i'7,/2~ "5/2 

6239-U i;-. 6nc 2.79-!'.77 
'9/2" "7/2 

5100.7 35 . U 2.79-5»21 
"9/2" "7/2 

5120.3 !•„ 6-, 2.82-5.23 
a'7/2" '5/2 

5036.9 36 Li-, 6_,o 2.82-5.27 2 
J7/2" r7/2 



Table 13b Fell Eirdssion Line s Present in T Tauri Stars 

1 

(By Ion and Multiplet) 

Jo oratory 
ivglengthi? I-iul 0 t ,No. Transition EPVolts Lab.Int. 

Solar 
Chromos. 

1 

h 

UU89.2 37 Up' U-,o 
^7/2" * 5/2 

2.82-5.57 u 2' 

UU91.U UP U„o 
"3/2- "3/2 

2.8U-5.59 5 2, 

U515.3 h-p UPo 
*5/2" ''5/2 

2.83-5.57 7 3 

U520.2 U„ U_o 
9/2" *7/2 

2.79-5.52 7 1 3 

U555.9 U-, UpO 
r7/2" "7/2 

2.82-5.52 8 1 2 

U629.3 U U 0 
F?/2" F9/2 

2.79-5.U6 7 1 2 

U508.3 • 38 u„ • Uro 
3/2" 1/2 

2.8U-5.58 8 1 3 

U522.6 U-r, U7.o 
5/2" 3/2 

2.83-5.56 9 1 3 

U5U9.6 U U 0 
F7/2 5/2 

2.82-5o53 10 • 2 2 

U583.9 . U_, U 
F9/2" D7/2 

2.79-5.U9 11 2 2 

6U32.6 Uo 6 60 
S5/2" D5/2 

2.88-U.80 8 0 

6516.1 6 60 
s5/2~ 7/2 

2.88-U.77 20 1 

U923.9 U2 6 6^0 
5/2" * 3/2 

2.88-5»39 12 2 

5018.U 6Q 6pc 
"5/2 * 5/2 

2.88-5.3U 12 3 1 

5169.0 6q 6uo 
5/2" 7/2 

2.88-5.27 12 3 0 

U731.U U3 6 U-.0 
s5/2" 7/2 

2.88-5.U9 3 1 
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.able 13b Fell Emission Lines Present in T 'i'auri Stars 

(Ey Ton and Multiplet) 

r Solar T 
V.'avclen^thS >'.ult.tto. Transition E?VO1~GS Lab,Int. Chroi'ioy. Tau 

6129.7 h6 U- 6*0 3.19-5.20 - 0 
'v2~ *9/2 

6l50.1 U~ 6„o 3.21-5.21 - 0 
"7/2" "'l/2 

6173.1 UP 6Po 3.22-5.21 0 
"5/2- 7/2 

52oU.fi U8 Up Uno 3.22-5.56 2 2 
G5/2- "3/2 

5316.8 U-pO 3.21-5.53 h 1 
"7/2" J5/2 

5362.9 U-, Uno 3.i?-5oU9 5 0 
9/2" "7/2 

523U, a 6 U9 lu H_o 3.21-5.57 7 2 1 
°7/2~ "5/2 

5276.0 U,. J.!,,o 3.19-5.52 7 1 
/ n" 

• / ^ 

L o/?~ -7/2 

5316.6 lu h-o 3.1U-5.U6 8 1 
ull/2~ '9/2 

6U56.U 7U Ur- U~o 3.89-5.80 200 1 
J'7/2~ *5/2 • 
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Tables 12 end 13 reveal tho following Important, informations 

l) The cnission line effect is an ever changing phenomonon. This is 

troll borne out by th3 resulting values of 3 s the change in B-V due to 

the prcscr.ec of lir.es,, as will be seen in tho next chapter. It is in 

accord VTith the observations of Joy and Kuhi that not only does the 

intensity of the crrJLssion spectrum vary greatly froa star to star but 

varies also in. short periods within a given star® In particular3 on 

plato 232 of E-.T Jlur several features have dininished intonsitiess 

this plato x:as tal:en about. ll» 1/2 -r.onths after tha lower numbered 

plates in tho series# 2) Of the £6 diffuse omission features occurring 

in the spectra nearly all arise fro;u low levels of excitation and are 

r.ietslliC;, noutrel and sangl;/- ionised iron contributing a majority# 

3) Certain similarities obtain bet-ween T Taurl spectra and tho spoctrua 

of the solar chromosphereo Thcr/ias and Athcy (1961) givo the most com­

plete list of solar ehrc:riO spheric spectra® Their list of identifications 

has been incorporated into Table 13. 

^063 end XU132 of Fcl(ii3) appear strengthened relative to the 

other Kor.bors of that multiplet; this was observed by Joy (191:5) • Iierbig 

(29U5>) attributes the enhancers at of these lines to population of tho 

upper level through the -ction of Call 3963®5> upon X3969«3* The 

difference in wavelength is compensated by the great width of the calciuza 

lino in T Tauri spectra. 1'ow although this phenomenon occurs arr-ong tho 

T Tauri variables it is absent in the solar chromosphere. The sharper 

width of the chrcr.ospheric CaH lino cay offer a possible c:cplanation<> 



Table 11: sunr.-irises the situation rejisraing the forty-third multiplet 

of 7clj «f vduce are ;;iven I;/ Allen (1 ?ol) • 

.uhl- ih 

'vy'cu 

J. ci: :.'J! Ô .OI* 

o.rrcn;;e cf Members of rel(ii3) 

Presence j.n 
Solar Chromosphara 

< 3-o 3o^ oi::ij vei-y o^rong 

I063.6 3-, 3-.nO .06 Strong Moderate 
• o " ') 

U132.6 3-. 3~,o . ' j  Mode rate Absent 
9 - 0 

3rJ_>• —t 3—.0 #0 jilen0-.jd v.'_l on 0o0n0 
u 3 r* 

1,071.7 3-i 3-nO Strong (blended Moderate 
A'2" "2 with Xi;063) 

Hext let us cxanir.c. the relative strengths of the members of 

rnultiplets Ul and l',2 of Fel. 'i'hese contain lines arising from omission 

transitions beginning on the Gu and j\j° levels, respectively; tv;o of 

oi*lv^og ci1 1 ^joclx* oo iid."v0 cliloirici.3.oij.o .lmt/ijilsi. in uhe _m 3 m •*• 1 ig 

line Fel (l-l) which appeared abnormally strong in the spectrin 

of R-J Aur, though Joy found it to be blended ".-rith an Fell featvro, is 

found not to occur in the chromosphere. The line resulting from the 

emission transition having the highest g£ value in the multiplet} 

XU383.5j, is the strongest chrosvo spheric line in the multiplet and the 

strongest Fol line in the chromosphere. An identical situation exists 

with regard to the Fel U271.8 line (1±2). This line is surpassed in 

intensity in the chromosphere by au32£.8, the line with the larger gf 



m !. 

valuei /J-325.8 is totally absent in the spectrum of I-iV: Aor. Table 

1^' ou.~m0.ri7.eo. Car. the cause of the abnormal appearar.ee of the lines 

in these multiplets in iv; Aur be attributed indirectly to strong Can 

and X or other emission? oince such emission is far weaker in the 

chromosphere and since the a pearancc of the lines of multiplets Ul, 

k.2., and I1.3 are different in uho two sources, perhaps the answer is 

yes. 

Table 15 

Occurrence of Members of ?el (l|l) (U2) 

Tresence In 
havelength Transition /f I;i\' Aur Solar Chrcr.oschore 

Ir383.5(H) 3-? Brp 1»2 Moderate Very .Str 
x 'k~ ^5 

libl 5.1(^1) 3-. $nO 0.8 Moderate 
X ^ VJ" 

aoseno 

1:325-8(U2) 3_, 3„ .8 Absent Very Strong 
*2" u3 

1;2?1.8(1;2) 3., 3P .5 Strong Moderately Strong 
v 

Since the excitation potential of the upper level associated with each 

of the transitions is approximately h«h cY only lines longward of 

X2818 can be responsible for exciting atoms to the levels concerned. 

This eliminates the strong solar Mgll doublet at 2795> 2797^ as a 

possibility,, The only possibility of the Call K line as a source is 

the transition which produces a line at 3929-l^j dut this is 

nearly 5a to the violet of Ca K. A thorough search of Fel multiplet 

tables reveals no known coincidental matching of vel wavelengths with 



G — a SOrCu^ o O'u.rC^' r?. 1 !.... i cm .•.' c.i C'. j I 1g3.q to ci SUpply 02 

r' c "3 • .. 
atoms in the and -V;b levj'iu. i'-uhi (, 196^) has noted the presence 

oi aesorp./uj.cn xeaoures cU-1 oc^ • ...un o^jrong emission, displaced to 

x.hc- violet with velocities as m..eh as -230 kri/sec, corresponding to 

ji *t. a0 o j. i"i and K. 

1 u is c„iij.ci.lL 0 uu ijC'u.lqg vrn-o uiier 01. e 3jvCj.taLa.0n conG.itj.ons 

in the solar chromosphere exceed those in the region producing the 

^ + aura emj.su j.on i .a; e s« ooy (—j ^j mac.u 5. s^ady oj? i»n . i_s cruestj.on 

based upon line counts for various ions. Though remarkable similar­

ities were found between the number and intensity of lines in both 

sources, Joy noted oh at some differences between the two sources were 

obvious (the deep reversals occurring dn the H and K lines and the 

generally great width of emission features in the T Tau stars are not 

duplicated in the spcctru:;: of the solar chromosphere). On the other 

ha no j Kerbig (l?>8) has ccr.clv.cVsd that the T Tauri spectra show a 

ccx.tjj,*_^e rci.s~y ni^n^r aegreo ox cn a ea ̂ a on anc ewe a oa ̂ aon tnci.n Ui*e solar 

chromosphere. This is seen by a) the uredofinance of Sell and Till over 

Fell in the chromosphere and the opposite effect in the T Tauri suars, 

b) ohe prominence of the easily produced resonance lines of brll and 

Call in the chromosphere and their weal-moss in ? Tauri spectra, and 

c) the strength of CrI lines in trie chromosphere and their weakness in 

T Tauri spectra. One problem associated with comparing the two sources 

arises because of the great amount of self absorption in advanced T Tauri 

spectra. The reversals are particularly heavy in it: Aurigae and certain 

ly remove a large fraction of energy from the emission lines. Even the 
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self absorption in the weaker linos (Kerbig (19hS)) is much greater 

than in the solar chromosphere. For this reason, only a lower limit 

to the flux subtracted by the emission lines can be determined. Table 

13 reveals that only 5 of 19 Fel lines ana 13 of 1|2 Fell lines found 

in the spectra of T Tau and RV7 Aur have been identified in the spectrum 

of the solar chromosphere; all have relatively large gf values. ' Only 

two Fell lines ana 10 Fel lines appear in the chromosphere which have 

not been identified in T Tauri spectra but it should be pointed out 

that all but two of the 12 lines occur in the crowded liOOO-iiijOO^ region. 

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

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

U) The appearance of spectra of the T Tauri summer sky objects are 

markedly different from those of RW Aur and T Tau itself. Only the 

very strongest lines in the spectra of the latter show up in DI Cep 

and AS 209. 



V* Results Regarding the Continuum and the Effect of Line Emission 

Smak (I960) uses a photometric method to evaluate the line 

emission effect,, His filter (2 mm. EC-12 + 2mm 0 GG3 + 1mm. Corning 

33o7) is employed with the conventional wide band V filter to establish 

a color base that is relatively free of line emission. Although the 

H 3 and H/ contributions are greatly diminished, 21 emission features 

are still visible in the transparent region (li300< X< 5>100) of the 

filter in low dispersion spectra of RVJ Aurc A typical line analysis 

was run on Steward Observatory Plate No. 28 of this object to determine 

to what extent Smak:s color.base is actually emission free. Table 16 

lists the filter transmission and density as a function of ^ . This is 

plotted in Fig. 8„ The reduced data are presented in Tables 17. 

Table 16 Density vs A of 2:rm BG12 + 2mm C-G3 + 1mm Corn. 3387 

(Smak's Filter) 

(i?) Transmission % Densit?/-

U300 0 - CO 

ituOO 13 - .886 

1+500 27 - .568 

^600 28 - .553 

u700 22 - *658 

1|8C0 12 - .920 

u900 5.5 - 1.260 

5000 2 - 1.699 

5100 0 — oo 
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-B-V 
Table 17a Line Analysis 

Plate Wo: 28 Emulsion: 103a-F Date: 1963 Oct. 17 MK Sp: 

Object: W Aur a: 05:05.h sec z: B-V: 

cT: +30:22.1 Asec z: 

X(A) C1 
c 
c 

d 
c logl-L logIo AlogI 

LogIc 
+ ^ 

AlogI AlogI 

I1B " 

Io6 

Tlv" 

% 

Width 

(2) \ 

li306 -11491 009 0.2 

h3U0 - 965 038 1.1 

1i376 - 727 038 l.U 

llil5 - 658 , 0U0 1.1 

Lh61 - 556 038 1.1 

iili90 - 1*79 069 1.0 

L515 - 383 1U3 1*.6 

um - Uli7 100 1.8 

1*56 h - 502 072 1-3* 

1616 - 565 oli5 0.5 

li63h - 1*75 119 1.9 

L700 - 71x9 008 0.1 

li7 31 - 773 022 0.2 

ii7 89 - 9h3 011; 0.1 

JiR17 -1037 015 0.2 

LR61 - 830 0 9h 3.0 

h22h -1308 019 . 0.3 _ , 



U-v 
Table 17a Line Analysis 

Plate No: 28 Emulsion: Date: MK Sp: 

Object: RW Aur (cont.} or-: sec z: B-V; 

cT: Asec z: 

X(A) cl 
c 
c di 

d 
c 

logI1 logl. AlogI 

t 
Logmen 

+ 
AlogI 

lOglCy 
+ 

AlogI 

T1"B ~ ZlT-

H 

Width 

(1) \ 

£018 -1750 007 0.2 

501^1 -20liU 001 0.0 

5 05'3 -2339 001 0.0 

5070 -2679 000 0.0 

1 . .. . -1 . .. . -
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13 - V Analysis 

t 

Tablel7b Data Summary Sheet for T Tauri Object 

Plate Ko: 28 Object: Aur 

A°V: .718 ACfc: .098 

1 

Alv: • .069 No. of lines contributing to V: 21 

AlB: .020 
No. of lines contributing to 13: 18 

%/%= 7.326 03-V)c: 1.62 

A°v + Alv 
a j. a : 6-703 
°S % 

(£-V) : 1.513 
C1 

A-i /A. . Y CV- .100 -210 
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In the region under consideration Smak's colors may be determined 

according to the expression 

-Q - V = 2.5 log - 3.0U 

Thus thelJ -V continuum color index of RW Aur is found to be +1.62, 

corresponding to (B-V) = +0.70. Previous computations have revealed 
o 

RW Aur to be bluened by & ° O^lj? when the line contribution is 

addedj the ratio of line to continuum flux is .26 in the B window, 

.10 in the V window. The same ratio in thet? passband is found to 

be 0.21, fully two-thirds as large as that in the B passband x^hich 

it is designed to replace. With the inclusion of emission features, 

0&-V)c^ = +1.53» Thus Smak's continuum color index is altered by 

^"3-V" 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 # filter. The enormous crowding of bright lines coupled with 

their apparent variation in intensity make such a choice impossible. 

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 

distinct 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)_ is + ™0l6, Repeatability 
C mm 

has been stressed particularly in the most recent plates. Derived and 

observed standard star continua are plotted in Fig. 9 for a few of the 

plates• 

Errors due to readability of micr©densitometer 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 

lav; F. plate 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 curve 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 increased with time 

as Tucson and environs came to be realized as the promised land for 

obtaining astronomical observations; nevertheless, simultaneous photom­

etry was made available f or nearly three quarters of the spectroscopic 



Table 18 Computed and Observed Colors of Standard Stars 

Ob.joct Plate No. Observed 3--V Computed (3-V)_ (B-V)-(B-V) 

X Cet 23 +0,63 +O.67 +0.01 

£. Eri 25 +0.89 +0.88 +0.01 

^cKer A 26 +0.75 +O.7I1' +0.01 

7^ Cep 26 +0.92 +0.95 -0.03 

1397U 28 +0.61 +0.6 5 -0.01; 

p Com 199 +0.57 +0.59 -0.02 

6lCygA 20p +1,19 +1.20 -0.01 

6lCygA 207 +1.19 +1.21 -C.02 

l6CygA 209 + 0,614 +0.61 +0.03 

l6CygA 210 +0.6 )4 +0.61 +0.03 

p. Gen 236 +0.32 +0.29 +o .03 

^ Gem 237 +0 D j 2 +0.29 +0.03 

0 Gem 2U0 +0,32 

1—
1 

• 

0
 

+ +0.01 

p Gem 2h2 +0.32 +0.29 +0.03 



C-cT 

log 

Computed in Program (Plats No. in par-snthe 

Cede Continuum 

6u 36 hU liO 60 68 

Fig.9. Standard Star Continua 
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nights. 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?1 were observed. These data comprise part of 

Table 19 which displays the results initially sought in the investigation. 

The author is indebted to the Kitt Peak National Observatory for 

permitting him to use the 16 - inch photometric telescope in order to 

obtain several observing runs at the same time the Steward 36-inch 

instrument was being employed for spectroscopic purposes. Simultaneous 

photometry and spectroscopy would have been totally impossible without 

the cooperation of the staff of the National Observatory. 

The colors (B-V)c and (B—V)c^_ as well as the parameter L 

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)c^ 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 lower 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 

b* 0^15. 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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mination of continuum color; this subject will be dealt with below. 

b) The effect of line emission upon color varies in come com­

plicated manner. The limits for seven spectra of RW Aur give 0™06 

0^5; seven spectra of T Tau give Q^OK £ < 0™llu 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 & has 

been plotted against the continuum color (Fig. 10). The range of probable 

error for both coordinates is indicated by spikes. It is difficult to 

estimate the error in the determination of & . Even if unresolved 

emission lines are excluded, one has to contend with numerous cases 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 plate 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 

f l u x e s  g i v e s =  + . 0 2 .  

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 toward larger values of<£ with redder continuum color 

for T Tau is particularly tempting. A straight line of slope ^ e 

1/5 fits the observations well for that star. There is, then, at least 

a possibility that 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 19 

Object Flats No. Date 

23 1963 Oct. 13 

25 1963 Oct. iu 

26 1963 Oct. 15 

25 1963 Oct. 17 

232 1965 Jan • 1 

236 1965 Jan. 27 

2)|0 1965 Jan® 29 

25 1963 Oct. m 

28 1963 Oct. 17 

232 3965 Jan, 1 

236 1965 Jan. 27 

237 1965 Jan. 28 

2U0 1965 Jan. 29 

2U2 1965 i' c 0 « 19 

-"-One 61ni-vation only. 

(B-Y)c (B-V), 

+0.67 +0.57 

0.5l 0.36 

0.60 0Ji7 

0.70 c.55 

0J:3 0.37 

0
 

• vo
 

0
 

0.22 

0.U3 0.36 

1.11 0.99 

1.28 1.1U 

1.19 1.08 

1.07 0,98 

1.20 1.11 

0.9k  0.87 

1.16 1.07 

.issicn ".'pon B-V Color 

Pemarks Concerning 
ConSurrs nt The tome try 

0.10 

0.15 

0.13 

o„i5 o»50<3-v<.603 p..53<v<g.56 

0.06 

0.0p 

0.07 

0.12 1.00<3-v<1.05: 9.90<V<10.02 

0.3U 1.11I<H-V<1.173 9o3<V<?.57 

0.11 

0.0 9 

0.09 B-V = 1.17# V = 10.39-::-

0.07 

0.09 



Tabic 19 Sumnp. r7 of the Sff 'ect of Lins feissii 

Object 
S.O. 

Plate No. Date f 3-Y) 
——c 

(Ti ir'N u-ocl i 
DI Cop 205 196U Jul. 2? 0.60 0.56 0o0i; 

ro
 

O
 

^
n

. 
199 196)4 Jnn„ 17 1—

f 

C
D

 

1.u8 0.00 

AS 20? 200 196Ji 4 13. O.63 0.57 0.C6 

Re in a rk 5 Co n c e r; 1 i n % o  

Concurrent Photonstry 
_ v 

ro 
ro 
vo 
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Fig. 9. Lino emission Farar^t^r (J) vs. Continuum Color ((B—V) ) 



231 

depressed relative to the red some of the lines which were burned oxit 

on 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 large positive values. An 

alternative 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 blue. The explanation that the effect is extrinsic is much simpler. 

The relation betvreen light cycle and £ 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 activity 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 cTwas quite large. The fol­

lowing year (^diminished, by nearly 0^1 for RW Aur and somewhat less for 

T Tau. It is not so surprising to find large fluctuations of up to tfUl 

in V over the course of a three hour exposure. 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 manner from plate to plate like so many 

spicules on the limb of the sun. Fig's. 13 and li; illustrate even more 

vividly the wavy appearance of the continuum. 

What is the effect of the line emission correction upon the 

determination of T Tauri star'positions in the color magnitude diagram? 
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This is perhaps the most important question 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. 

For neither of the program variables is 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/Lq VS log Tq diagram was found by averaging the (B-V)c for 

each star (corrected for space reddening by employing results to be 

discussed later) and converting to log Te using Arp's table. The same 

computation was made for the apparent colors, (B-V)c-j_, The results are: 

True log Te Apparent log Te A log T0 

HW Aur 3.792 3.860 .068 

T Tau 3.7h2 3.78? „0b7 

Absolute magnitudes are very difficult to estimate for these objects. 

Using the bolometric magnitude of T Tau given by Kuhi (1961;), the posi" 

tion on the ordinate in the HR plane is log L/Lg k 0.728. With the 

correction for line emission, T Tau is placed at twice the previous 

distance from the main sequence. For RW Aur the shift will be even 

larger. To what error does this amount in the determination of the 

contraction age of these objects? Due to the inexactness associated with 

transforming between theoretical and observed color magnitude diagrams one 

can only obtain an approximate answer. An examination of the contraction 

tracks given by Henyey et al (195>5)} along which equal time intervals 

are marked, reveals that At/t lies between 0.12 and 0.15. It is con­

ceivable that an overestimate in age of 20$ or more will result, if 

the emission line correction is neglected in advanced T Tauri stars. 



233 

Fig. 11 depicts the shift of position in the theoretical HR Diagram; 

the evolutionary track for stars of 1M0 and 2Me according to Hayashi 

et al are shown for reference. The effect upon the variable star 

positions in the two color plot is shown in Fig» 12. The average 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 & values. 

The results depicted in Fig. 12 should be observed with a word of 

caution. There is reason to believe that the U magnitude is 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 emission lines in T Tauri spectra. Strong ultraviolet continua 

(^3800^) tfoich 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 rather large negative 

slope. Furthermore, there is no reason to believe that the emission track 

in the color magnitude diagram is a horizontal line. Better concurrent 

photometry will aid greatly in the determination of the slope of the emis­

sion track in the color magnitude diagram. The slope can be found only 

when the U magnitude correction is measured. This is not possible photo­

graphically. From the discussions at the beginning of Chapter IV, the 

photometric method seems to offer no better possibility. 



23b 

1.0 

T Tau 

.5 

ju 
G 

o.o 

• 5 

log Tg 

Fig. 11. Shift of Position in Log L/L , Log T Diagram After 
Correction for Emission ° e 



235 

-1.0 

RW Aur 
- 0 . 2  

U-B 

+0.2 

T Tau 
> +0.6 

-0.2 +0.2 +0.6 +1.0 +1.4  

B-V 

Fig. 12. Shift, of Position in "the U-B, B-V 
Diagram After Correction for Emission. 



236 

The nature of the'continua of FlW Aur and T Tap is revealed in 

Fig's. 13 and lij. where the normalised log I are plotted against wave­

length as dotted curves for program stars. Code's standard star continua 

are represented by solid curves. It should be stressed that the variable 

star continua are not corrected for space reddening. There are a number 

of important facts revealed by this series of plots. One immediately 

obvious conclusion is that the variable star curves behave in an irregular 

fashion, exhibiting a number of bumps and troughs. The most reasonable 

explanation for this phenomenon includes a combination of effects: un­

resolved emission in addition to masking of the underlying continuum by 

partial blending of lines. One very large hump occurs at approximately 

X 5000 and is common to nearly all variable star spectra. Extreme 

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 LHo£22 and VT Ori (Bohm (1958))* Both these 

stars show an unusually strong ultraviolet continuum (3600$* X< 3800S); 

the existence of this latter property is not detectable on plates of the 

T Tauri stars in the present program. Many T Tauri stars. shov; conspic­

uous veiling in the photographic region (the "blue continuum") which 

Kerbig (1958) attributes to extreme crowding of a great number of weak 

emission lines. The hypothec;is is supported by the notable absence of 

all underlying absorption features and by the correlation of strong 

emission line activity with a brightening of the continuum. This feature 

appears most exaggerated on plates 2$3 232, and 2I4O of T Tau and on 

25, 26, and 28 of RW Aur. All three of these plates for IW Aur and two 
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of the three for T Tau yield the largest values of ; this agrees 

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 larger than previously believed. For example, if the 

continuum of T Tau on plate 25 is smoothed by elmininating this hump 

in the photographic region the emission track increases by To6 to 

( m_ 
O = 0Y18. 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, 237j 2h0; PJ.7 Aur 23, 25, 2k0) one notes a very slight rise in 

intensity centered about 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 ^01 as it lies in a region 

of rather low V filter transparency,. 

Since the continuum color, (B-V) is affected by space redden-
o 

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 (I960) classification 

and assuming the mean of all (B-V)c values to represent the space 

reddened colors, E_ T, is found to'be 0.1t6 for T Tau and zero for RW Aur. '  u—v 

This is in excellent agreement with previous determinations. The mean 

value Eg_y = 0.30 has been adopted in many investigations of the Taurus-

Auriga dark cloud in the past (see Chapter I). The amount of space 
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reddening for RW Aur, however, h^s long been suspected of being srr.all 

or nonexistent (Joy (19h5)), particularly since no obscuring material 

is observed in the immediate vicinity. The usual surrounding nebulosity 

is notably absent in direct photographs•of this star. 

The T Tau continuum curves, before being corrected, resemble 

that of the KjpV standard; this is especially true on the earlier plates. 

Significant changes appear to have taken place between the late 1963 

and early 1965 observations. T Tauri appears bluer on plates 236 and 

2k0, The continuum of RW Aur is much more difficult to match with those 

of the standards because it is even more erratic but the general indica­

tion is that the spectral type inferred from the shape of the continuum 

is earlier than that of T Tau in spite of space reddening. It would be 

informative to attempt to assign KX types to these stars on the basis of 

continuum color. Table 20 lists for each spectrum the KK type as determined 

from (B-V)c, referred to as Sp=f((B-V)c)a Arp's (1958) table has been 

employed for this purpose. The correction Eg_y = 0.ij6 has been applied 

to the T Tauri colors before 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 about G5$ for RW Aur a range of F0-G8 

in spectral typos is observed with the mean at approximately F8. Assuming 

the variables to be main sequence stars and assuming changes in the 

continua as well as the continua themselves to be of a thermal nature, 

the corresponding effective surface temperature range is 6300~5l00°K for 

T Tau and ?600-5300°K for RW Aur. 



Table 20 Spectral Types of T Tauri Variables 

Object Plate Ko. Sp=f((B-V)„) 
• •••- •' " i . i •• • ii U 

RW Aur 23 G5 

25 F7 

26 GO 

28 G8 

232 F5 

236 FO 

2)40 

mean F8 

T Tau 23' G2 

28 KO 

232 G8 

236 GO 

237 G8 

2U0 F7 

2U2 G8 

mean Gf> 
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Chapter VI Summary and Final Discussion 

The principal aim of this work has been to interpret the effect 

of line emission upon the B-V colors of T Tauri objects. The program 

is intended to determine (a) the " emission-tracks11, 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 G0-K5>« One 

should therefore find that the corrected continua agree with the abso­

lute energy distribution curves for main-sequence stars as published 

by Code (i960). 

In preparation for this work, the author obtained an extensive 

series of plates from the Mount Wilson Observatory through the assistance 

of Dr. A. H. Joy. These included some of the objects for which he has 

published spectra (Joy (19ii5>)). 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. It must be 

admitted that the study of these older spectrograms in which the cali­

bration 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. One possibility to explain the discrepancy is the presence of 

many faint and unresolved emission lines, especially in the region of 

4?00-Uij.00S. Low dispersion spectra (2U0.£/mm) of two bright T Tauri 

stars, T Tau and KW Aur, were obtained with the 36-inch telescope of 

the Steward Observatory. From microdensitometer tracings of these 
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spectra two E-V colors were computed: 

1) The color (B-V) of the continuum, devoid of emission lines. 

2) The color (B-V)c^ of the continuum with the emission lines 

included. 

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 brief outline of the method employed to obtain true UBV mag­

nitudes follows: 

1. The basxc format adopted involves the observations of 

(1) the program star, for example T Tauj (2) an AOV 

standard star, for example Os.Lyr, "which can be assumed 

as representative ox the Code standard energy distribution 

for an ACV star; (3) a GOV star, for example HD157211i; 

(U) an ?9V star, for example HD1U2373; snd (5) a C-1V star, 

for example HD160269, to represent standard stars whose 

continua presumably are close to that expected for T Tau; 

(6) a wavelength comparison, Fe for the wide spectral 

sensitivity of the 103a-F plate (3500-6800$ with the 

Steward instruments); (7) a multi-step tungsten lamp com­

parison spectrum is normally placed on the plate at 

opposite sides of the above spectra. In this program, 

however, this problem is circumvented by taking the spectrum 

of a Code (i960) standard, whose intensity distribution is 



already known, through the step wedge. 

2. Simultaneous UBV measures and spectra of several T Tauri 

objects were required;, the former with the Kitt Peak 16-inch 

telescope and the 21-ir.ch telescope at the Catalina Station' 

(Lunar and Planetary Laboratory), the latter with the 36-inch 

telescope at the Kitt Peak Observing Station. 

3. The wavelength distribution of the flux emitted by the Code 

standard star at several intensity increments, is used to 

obtain the characteristic curve and the wavelength sensitiv­

ity for the plate. 

ii. This information yields a set of corrections to be applied 

to the observed stellar spectra to obtain absolute intensities 

for both the continuum and emission features. 

5. Those portions of the area under the stellar curve which fall 

within the UBV passbands are numerically integrated using the 

known transmission functions for these passbands. Thus, one 

obtains "synthetic11 UBV magnitudes for the stellar body after 

determination of the transformation equation through_use of 

the AOV star. 

6. The measured UBV magnitudes are then compared with those com­

puted to determine the effect of emission lines in altering 

the positions of the objects in the color magnitude and two-

color diagrams. 

7. Cne can obtain an independent evaluation of the effect on the 

UBV magnitudes fror. the emission lines by reducing the observed 
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line intensities in the manner of step 5. If proper evaluation 

of each step in the reduction has occurred, the line plus 

continuum color and the observed photometric color will agree. 

This procedure, therefore, provides a valuable crosscheck. 

A number 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, considerable light loss was found to occur. 

This was remedied by employing single filter layers ss 

much as possible0 

2) The quoted Wratten neutral filter densities were found to 

be erroneous; there occurs an apparent wavelength depend­

ence of filter transmission. This correction was determined 

instrumsntally and applied in the program,, 

3) The characteristic curve of the lC3a-F photographic plate 

varies considerably with wavelength* Characteristic curves 

were computed at $00A intervals over the range of the visible 

spectrum. For wavelength regions lying between two computed 

curves interpolation was used to obtain the intensity,, 

U) 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 same air mass. When the air masses of the 
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tv.-o are not the sane a snail differential extinction correction 

is necessary. 

The present -method has the distinct advantage that it treats each 

emission feature separately. The flux emitted by every resolvable 

feature is numerically integrated into the B-V color. There is no 

question that the multitude of photographic corrections have been prop­

erly assessedo The method is accurate enough to predict the B-V colors 

of standard stars to within + .016 p.e. Simultaneous photometric 

colors of the T Tauri variables should agree with those computed from 

the spectra. This provides a second test of the validity of the 

spectroscopic method. Complications enter, however, because of the 

extremely rapid variations in light cycle and continuum color coupled 

with the long exposure times required to obtain a spectrum. Curing a 

single two hour exposure the B-V color determined photometrically was 

found to vary by up to 0^10. The photographic process places severe 

limits on the technique. Since the number of low excitation 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 are not really lines of constant U-B but probably 

slope downward and to the right. The correction to the U magnitude 

simply cannot be done photographically. 

The principal result of this work is that the computed emission 

line flux masks the true B-V color of T Tauri objects by up to 0^15. 

The parameter 6 , defined os the difference betvieen the line free 

color and the color with line emission contributions included, varies 
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"between 0™06 and 0^5 (mean « 0^1) for RW Aur and "between 0™0T^and<0?l4 

(mean = o'lh.o) 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 associated with large values of &. 

"Emission tracks" drawn in the color magnitude and two color diagrams 

vividly illustrate the magnitude of the line emission correction. The 

shift towiard the right in the color magnitude diagram.caused by removal 

of the emission 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 corresponding change A log 

Te is .Ohj for T Tau, .068 for HW Aur. 

The most recent spectral type assigned to both program stars is 

G5Ve (Joy (l$)6o)) but estimates have ranged from G2 to G8. Spectral classi­

fication is extremely difficult in this class of variables for two reasons: 

1) The absorption 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 0.50<B-V<0.60 

for KW Aur, 1.00<B-V<1.17 for T Tau. These correspond, respectively, to 

the spectral type ranges FT-GO and K3-K5. 

Space reddening affects the B-V continuum color but not the color 

determined from absorption 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 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. HW 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 Eg ya 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 Taurl 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 KW Aur ("Spectral class mean at F8) 

5100 - 63OO°K for T Tau (Spectral class mean at G5) 

Due to the detailed reduction procedure employed in this work, it 

is necessary to sacrifice large numbers of information elements for tlie 

sake of high accuracy. Smak (19&0 made use of a filter which is trans­

parent to a region containing relatively few emission lines (4300<X<5100a). 

He is able to set up a relatively free color base,"B -V (the ̂  filter con­

sists of 2mm. BG12 + 2mm. GG3 h- lmm. Corning 3387) Smak's photometric 

method is extremely useful for compiling vast amounts of data. The low 

dispersion Steward spectrograms, however, reveal that more than twenty 

strong emission features exist in the region of filter transparency. 

Substitution of the "6 filter for the wide band B filter solves only part 

of the problem. For Steward Observatory Plate No. 28 of W Aur, the ratio 

of emission line to continuum flux in the B passband is 26$. The same ratio 

in the "13 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 Fig. 1 of this text confirm this statement. 

The problem of emission line identification is complicated by 

a number of.,effects: 

1) Exrtreme 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 spite of these complications £6 emission features are observed 

over the region of 103a-F plate transparency. Two thirds of these 

features lie between Call H and K and H 0 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. Fel A U063, Ul32 (143) appear strengthened relative to the 

3 
other members of (U3)» Population of the upper F level for these 

transitions probably occurs through the action of the wide Call 

3968.5 emission line upon A 3969.3 (Herbig (19H5>)). Fel UU15.1 (Ul) 

and Fel 1j271.8 (U2) 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 ^Cr^° ana levels where these 

transitions originate. It seems clear, for a number of reasons, 

that excitation conditions in the T Tauri atmosphere exceed those of 

the solar chromosphere: 

1) The easily produced SrII resonance lines are strong in the 
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chromosphere, weak in T Tauri. 

2) Till predominates over Fell 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

lify 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 Tauri variables. 

Since the parameter^ 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 Milky 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 the 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 v/ith the aid of the Palomar Sky Atlas. 

2. Select the brightest stars and examine them with a high dis­

persion Cassegrain spectrograph to determine whether the continua are 

the same as those in the Taurus region, and to determine whether the 

over-all emission line characteristics are the same as those in the 

Taurus region. 

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 cf , (B-V)c, and the intensity of the blue continuum 

vary. 

1;* 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 particularly interesting since we have here a high 

galactic latitude region containing stars with the low excitation 

spectrum that is so characteristic of T Tauri variables. 

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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considering the importance 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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Table Al 

Call' bra ted Der.aj .ty vs Wavelength of V.'ratten Filters 

T=2.#S 
X^)d=l .OH'0.6 

T=3.2^ 
d=5x0.3 

T=6.3"3 
d=2xQ.6 

T=6.3o 
d=bc0,3 

T=10;j 
d=1.0 

T=i2.6;1 
d=3x0.3 

T=25.1# 
d=0.6 

T=25.l3 
d=2x0.3 

t=5o; 
d=o.; 

3U00 00 oO 2.523 2.699 1.770 1.770 1.050 I.D42 .562 
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• <-
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Extinction Curve for Kitt Peak (after Meinel (1962)). 

. X Extinction in Mag1s 
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Table A3 

The Kitt Pea!-; Differential Atmospheric Extinction Correction 

(log k'(X)) 
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T?VLe A3 

The Kitt. Peal: Differential -VteoGTrheric Extinction Correction 

(log l:1 (>.)) 
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Table AU 

PhctoT'.etric sensitivity Correction 

•*rsvel3ngth(fi) log Q„ leg Qy 

3600 -
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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^>4000 in KW Aur (Plate No. 25). 

A. From table 9 for Plate No. 28 the strip chart reading of the 

continuum is 45.5 at 4000X (Column 2). 

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

C. To obtain the unreduced relative intensity the density must 

be entered along the ordinate of Fig. 3b. These curves have 

*. 

been plotted from the measured intensity increments obtained 

with the step wedge and listed in Table 8 for Plate No. 25. 

The relative intensity corresponding to d = .312 is log I = 

-1.239 (Column 4). 

D. In Table 9 Asecz - .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' ( X) = .009). The relative 

intensity corrected for differential atmospheric extinction is 

1.248 (Column 5). 

E. The relative intensity is normalized to .000 at ̂  4500 and reads 

-.134 (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' 

("X) = -.004 at ̂ 4000. Thus, log I is corrected to read -.138 

(Column 7)• 

G. The logarithm of the transparency of the B filter at 4000$ is 

found from Table A4 to be -.027. This is added to the figure 

in Column 7 to give log I (B PHTM) = -.165 (Column 8). 

H. The intensity corresponding to the logarithm -.165 is .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~X is used to compute the "synthetic" (B-V) 

color. 

Example II. To determine the contribution to the observed B, V fluxes of 

the Call 39^8 line in the spectrum of KW Aur Plate No. 25. 

A. From Table 10 the chart recorder readings of the line center and 

adjacent continuum are 24.2 and 48.6 respectively (Columns 2 and 

3, Table 10). 

B. From Fig. 2 the corresponding densities are .591 and .281 (Columns 

4 and 5)• 

C. From Fig. 3b the relative intensities are -.933 and -.1284 (Columns 

6 and 7). 

D. The difference between the relative intensities is .351 (Column 8). 

E. Next the curves log I (B PHTM) vs'X and log I (V PHTM) vs 7* for 

this star are consulted. The sum of the logarithms, 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 X3968. 

The relative intensity at the line center is the antilogarithm 

of .162 or 1.452. Tliis 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 continuum from a plot of 

I (B PHTM) VS?V (Table 9) is .647. The difference 1.452 minus 

.64-7 is .805 (Column 11). 

The measured width of the rectangular CaH profile on the 

microdensitometer tracing is l4& (Column 13). 

The product of line minus continuum intensity and line width is 

.805 x 14 «= 10.8 ft x relative intensity units (Column L4). This 

quantity is added to the sum of all line contributions in the B 

passband. The final total is added to the area under the I (B 

PHTM) vs 'X curve for the continuum. From Table 11 it is seen 

that Call II 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 1.11 to 0.99-
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