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ABSTRACT

Equivalent widths of 1,411 lines of Arcturus (K2 III),
were measured in the spectral region AX3985-6770. Use
was made of direct-intensity tracings of high-resolution
spectra taken with the 96-inch camera of the 48-inch
telescope of the Dominion Astrophysical Observatory. These
spectra had dispersions of 2.2 A/mm. in the violet and

3.2 A/mm. in the blue to red spectral regions. A Photometric

Atlas of the Spectrum of Arcturus (Griffin 1968) provided

an additional set of tracings for this star.

A total of 938 intensity measurements were also
made of lines of 31 Cygni A (K3 Ib), a member of a spectro-
scopic binary of the z Aurigae type, in the same spectral
region. The spectra of this star, taken with the Littrow
spectrograph of the 72-inch telescope at the D. A, 0., had
dispersions of 4.6 A/mm. in the violet and 7.5 A/mm. in
the blue to red spectral regions.

Experimental gf-values were used in the construction
of absolute curves of growth from which the following

atmospheric parameters were obtained:

ARCTURUS 31 CYGNI A
**Excitation Temperature (K) 3920 + 40 3450 + 50
**Microturbulence (km./sec.) 2.4 2 0,2 8.1 £ 0.2
Ionization Temperature (K) 4000 = 50 3570 = 50
Log of Electron Pressure -1.36 £+ 0.1 «2:28 £ 0.1

#%*Numerical values were derived from the curves of growth for
neutral iron.
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Abundances of chemical elements were obtained on
the basis of coarse analysis. On the scale defined by
log N(Ti) = 4.00, the abundances were found to be similar
to the scale of solar abundances; that is, within a factor
of two (a typical probable error for such determinations).
The present results for Arcturus, however, indicate that
the heavier elements - those centered on the iron peak and
the '"rare earth" elements - may be slightly underabundant.

The ionized elements showed a markedly higher
excitation temperature and lower microturbulence than the
neutral elements. From these facts may be inferred the

probable stratification of elements in the atmospheres of

the two stars.
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CHAPTER 1

GENERAL INTRODUCTION

The analysis of stellar absorption lines, in the
study of stellar atmospheres, yields considerable information
regarding temperatures, pressures, chemical abundances, and
turbulent motions. Such information may be derived by
comparison of theoretically determined line profiles with
observation - the model atmosphere approach (see Aller 1963,
page 356). However extensive theory and exceptional observations
are required. A major complication to contend with, in this
method, is the effect of instrumental distortion. The finite
resolution of any spectrograph must broaden an infinitely
sharp line into some shape characteristic of the instrument.
Because of this, there is not necessarily a close resemblance
between the spectrum being observed and the observations being
made of it, even if a high-resolution spectrograph is used
(see Griffin, 1969). Difficulties are increased when late-
type stars are considered because of the very numerous lines
present in their spectra - lines which are usually blended.
A mefhod then of determining abundances, etc., not from line
~ contours, but from total absorption, a quantity which is
affected to a lesser extent than the line profile, has great
advantages.

The profile of an absorption line is generally expressed
by the residual intensity R(X), where R(1) is the fraction of

continuous intensity that remains at wavelength A.: The total



energy subtracted from the continuum by the line, the line

strength E, may be written as:

E = }mlc(l - R(A))dx t1.1)
where Ic is the continuum intensity. The use of rectified
intensitometer tracings (Wright 1966, page 83) allows
the quantity IC to be removed from the integral sign
since the continuum is normalized at a constant height
above the zero-intensity line. The total absorption due
to a spectral line is measured in terms of its equivalent
width; that is, the width of a line of equal strength whose

R(A) is zero in the region covered by the line and unity

elsewhere (see Figure 1). For such a line

E = ICW (1.2)

where W is the equivalent width. Thus the equivalent width

of a narrow line may be written as:
+
W=7/, (1 - R()))dAr (1.3)
-
It is most easily obtained by measuring the area of the
line profile on direct-intensity photographic or photo-
electric tracings. .

The curve which expresses a relationship between
the equivalent width of a spectral line and the product
Nifik’ where Ni is the number of atoms acting to produce the
line and fik is its oscillator strength, is called a curve

of growth. The curve of growth traces the increase in

strength of a given absorption line as the number of
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"effective'" atoms is increased - a saturation curve for

an equivalent width. Although the curve of growth ideally
refers to the growth of a single line in a stellar atmosphere,
it is obviously necessary to consider the relative intensities
of many lines, taking into account the differences in
excitation and wavelength. For weak lines, the strength

of a line is directly proportional to the number of atoms
producing the line, since the Doppler effect dominates (Cowley
1970, page 69). The source of Doppler broadening lies in

the random motions of the atoms whereby the Doppler effect
causes the atoms to absorb wavelengths away from the center

of the line. After saturation, the line assumes a bell-shaped
form because absorption is weak outside the wide core, owing
to the rarity of atoms with high velocities. This source

of broadening becomes increasingly important for atoms of

low atomic weight and for regions of high temperature.

For very strong lines, on the other hand, wings formed by
radiation or collisional damping are the principal contributors
to the equivalent width and the intensity increases as the
square root of the number of "effective'" atoms (Cowley 1970,
page 71). The actual position of the '"damping branch" of the
curve of growth depends on the value of the damping constant,
which is a function of the lifetimes of the energy levels
involved in the transitions producing the observed lines.

A transition region exists between the two extremes where

the equivalent width of a line increases but little, the

slight enhancement resulting mainly from an increase in



the line's width.

This thesis presents a study of the line intensities
in spectra of the K-type stars, o Bootis (Arcturus) and
31 Cygni A; the former in the region AX3985-6770 and the
latter in the regions AA3985-4080, Ax4200-4500, AX4850-5330,
AA5480-6070, and AA6220-6770. Arcturus, a K2 IIIp star, is
currently being extensively studied by R. and R. Griffin.

A Photometric Atlas of the Spectrum of Arcturus (Griffin,

1968), hereafter referred to as the "Atlas'", provides a
set of comparison tracings for those obtained from spectra
“taken at the Dominion Astrophysical Observatory in Victoria.
The first work on a curve of growth for Arcturus, that of
Miss van Dijke (1946), compares conditions in the giant,
Arcturus, with the dwarf, 70 Ophiuchi A, using measurements
of selected lines and visual estimates of many others.
Wright (1950), the first to obtain detailed curves of
growth for Arcturus, derives numerical values for the
parameters of the stellar atmoSphere - temperatures,
turbulences, and chemical composition. The most recent
analysis has been carried out by R. and R. Griffin (1967),
who study the region AA5000-7025 and construct curves of
growth for numerous neutral and ionized elements as well
as deriving differential curves of growth for comparison of
Arcturus with the sun and the G8 giant star e Virginis.

The K3 Ib star, 31 Cygﬁi A, is a member of a
binary system of the r Aurigae class of stars, in which

a main-sequence B-star is eclipsed by a giant K-type star




with an extensive atmosphere. By investigation of observed
intensities obtained when the B-star passed from first to
second contact (ingress to eclipse) and from third to fourth
contact (egress from eclipse), Wright (1959) estimates the
composition and temperature distributions in the chromosphere
of 31 Cygni A. The present study makes use of spectra taken
between second and third contacts of the 1951 eclipse; that is,
during total eclipse of the B-star, which lasted from
approximately August 10 until October 12 (McKellar and

Petrie, 1958).



CHAPTER 2
THE DATA

2.1 Observations and Measurements

Details of the spectrograms that have been used
in this investigation are given in Tables I and II, the
respective observers being listed in column eight of each of
the two tables. The spectra of 31 Cygni A were taken with
the Bausch § Lomb grating No-84 used in the Littrow mounting
of the spectrograph at the Cassegrain focus of the 72-inch
telescope. The region AA3985-4600 was obtained in the third
order of the grating with a dispersion of 4.6 Angstroms
per millimeter while the spectral range AX4600-6770 was
obtained in the second order with a dispersion ot 7.5
Angstroms per millimeter. For all spectra the slit-width
was kept at 0.002 millimeters.

The high-dispersion, high-resolution spectra of
Arcturus were taken with the 96-inch éamera of the spectro-
graph at the coude” focus of the 48-inch telescope. (For
detailed descriptions of the D. A. 0. spectrographs see
E. H. Richardson (1968)). With regard to the individual
spectra, the numbers in the column of Table II labelled
"Instrument' may be interpreted as follows: the first
two figures to the left indicate the focal length of the
camera (in inches); the first figure on the right, the
order of the grating; and the center figure(s) the number

of hundred lines per millimeter of the grating. For instance,



TABLE 1
ARCTURUS SPECTROGRAMS USED FOR EQUIVALENT WIDTH MEASUREMENTS

PLATE DATE JULIAN DATE INSTRUMENT EMULSION DISPERSION SPECTRAL OBSERVER
NO. 2,430,000, A/mm. REGION
511 1963 Jan. 12 8042.058 9663 ITal s Ultraviolet K. O. Wright
805 1963 June 10 8190.720 9662 ITaD D ol Yellow K. 0. Wright
807 1963 June 10 8190.771 9662 ITaD 5 Red K. 0. Wright
809 1963 June 11 8191.719 9662 ITIaF 3.2 Red K. 0. Wright
1173 1964 Feb. 26 8451.943 9663 I1a0 2 Violet E. K. Lee
1201 1964 Mar. 13 8467.951 9662 IIaD . Yellow K. 0. Wright
1202 1964 Mar. 13 8468.032 9663 I1a0 S ol Blue K. 0. Wright
1233 1964 Apr. 3 8488.870 96121 ITaD 3.2 Green K. 0. Wright
1234 1964 Apr. 3 8488.920 96121 IIa0l P Blue K. 0. Wright
1235 1964 Apr. 3 8488.966 9663 IIa0 Bkd " Violet K. 0. Wright
1236 1964 Apr. 3 8489.017 9663 IIa0 Bkd " Ultraviolet K. O. Wright
2 8517.719 96121 ITIaD P Green K. 0. Wright

1300 1964 May



PLATE
NO.

42379
42381
42383
42395
42396
42397
42398
42399
42403
42404
42405
42406
42407
42677

TABLE II

31 CYGNI A SPECTROGRAMS USED FOR EQUIVALENT WIDTH MEASUREMENTS

DATE

1951
1951
1951
1951
1991
1951
1951
1951
1951
1951
1951
1951
1951
19581

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

Aug

Sept.

JULIAN DATE

254305000,

3870.877
3871.788
3872.819
3875.711
3875.732
3875.789
3875.888
3875.972
3876.710
3876.726
3876.812
3876.897
3876.901
3911.810

Litt
Litt
Litt
Litt
Litt
Litt
Litt
Litt
Litt
Litt
Litt
Litt
Litt
Litt

GIII
GIII
GIII
GII
GII
GII
GII
GII
GII
GII
GII
GII
GII
GII

I1Ia0
I1a0
II1a0
IID
IIF
1P
ILR
IID
103aD
IID
103aD
IID
103aD
103aF

MU UTA

NNNNNNNNNNNASEAEs
.

INSTRUMENT EMULSION DISPERSION SPECTRAL

REGION

Violet
Violet
Violet
Yellow
Red
Yellow
Red
Yellow
Blue
Green
Blue

. Green

Blue
Red
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9662 refers to the use of the 96-inch camera and a grating
with 600 lines per millimeter taken to second order. The
dispersion of the Arcturus plates was 2.2 Angstroms per
millimeter in the violet and 3.2 Angstroms per millimeter
in the blue to red spectral range. The region AX3985-6770
was covered with a sufficient number of plates and settings
of the grating to ensure enough overlap to intercompare
intensities obtained from different regions. For Arcturus
the slit was maintained at a width of 0.0035 millimeters.
Representative spectra of the two stars are illustrated in
Figure 2. In order to compare the resolutions of the two
spectrographs, spectra of Arcturus, previously taken at the
D. A. 0. using the same instrument from which the spectra of
31 Cygni A were made, have been included (labelled a Bootis (1)).
The similarity of the spectra of 31 Cygni A and Arcturus
is quite apparent with the lines of 31 Cygni A being slightly
stronger than those in Arcturus. This however might be
expected since 31 Cygni A has a much more extensive atmosphere,
and hence a greater number of "effective absorbers'", than
does Arcturus.

Intensity tracings were made, for the most part by
Dr. K. O. Wright, for the region of each plate listed in
Tables I and II. The usual procedure was followed (Wright
1966, page 83) using the microphotometer and two stages of
the intenéitometer in ordé} to rectify the continuum to read
one hundred per cent. The continuum was drawn on the

logarithmic tracing, before conversion to direct intensity,
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Spectra of 31 Cygni A and a Bootis in the regions A\6345-6500, A\5060-5220, and
AMU345-4445, The spectra of 31 Cygni A and those of Arcturus denoted by a Bootis (1)
were taken using the Littrow spectrograph (BL 84 grating) on the 72-inch telescope,

while those denoted by a Bootis (2) were taken using the 96-inch camera of the 48-inch
telescope. The spectra a Bootis (1) are included only for comparison of relative reso-
lutions--they have not been used in equivalent width determinations. (For each section

the uagelength scale is placed above the spectra and identification of prominent lines
below.

1T
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as the mean of the galvanometer deflections at parts of the
spectrum which appeared to be undisturbed by lines. The height
of the continuum was later checked by comparison with the
Atlas values, and in all but a very few cases, it was felt
that no correction was warranted. Even in the violet regions,
where there is increased difficulty in finding portions of
the spectrum relatively free of lines, agreement between the
two sets of tracings of Arcturus and that of 31 Cygni A was
remarkably good. |

Typical intensity profiles of the regions AA4403-4408,
AA5149-5155, and AA6492-6500 are shown in Figure 3; the
solid line in each part representing the tracing of a single
plate and the dotted line representing the estimated observed
mean profile measured during this investigation. From these
tracings, the similar resolutions of the Mt. Wilson plates ¢
(used in the Atlas) and the D. A. 0. plates are noticeable
(see Figures 3(b) and 3(e)) as is the much poorer resolution
of the 72-inch grating plates - Litt GII and GIII (see Figures
3(a) and 3(c)). Compérison of Figure 3(d) with Figure 3(e)
illustrates the differences between spectra taken with
different optical systems.

The large scale of the intensity tracings, each having
a magnification in the direction of the dispersion of two
hundred times that of the plates, permitted accurate wave-
length identifications by interpolation between strong,
unblended, easily-identified lines. Identifications were

made with the help of "A Multiplet Table of Astrophysical
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Interest, Revised Edition" by C. E. Moore (1945) and

"The Spectrum of B Pegasi' by D. N. Davis (1947). After

a line had been identified, its apparent profile was drawn
symmetrically about the center of the absorption feature as
the mean of two or more superposed tracings. In general
only pure lines with good line profiles were chosen for
measuring equivalent widths and close blends were omitted.
Equivalent widths of these mean profiles were, for Arcturus,
measured with a planimeter. Equivalent widths of the

31 Cygni A lines were measured largely by the method of

standard profiles; as described by Wright (1950):

"When all lines in a given region had been
sketched on the tracings, they were superimposed in turn
on one another with their mid-points on a common line and
mean profiles for representative central intensities were
drawn. These mean profiles were measured with the planimeter
and equivalent widths of other lines in the region were
interpolated from the mean profiles . . . . Separate sets
of standard profiles were drawn for each wavelength region

to allow for differences in wavelength."

Representative standard profiles for 31 Cygni A are shown in
Figure 4. Preliminary measurements of many of the selected

lines of 31 Cygni A had been completed by Dr. K. O. Wright.

Most of these lines were remeasured: some of them needed

considerable corrections as consultation with the Atlas

revealed them to be blended. Additional lines were also



Figure 4. Example of “standard profiles. The above were used on 31 Cygni A tracings in the
_region A 4200 - 4500. (With the permisson of Dr. K.O. Wright)

61
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chosen and their equivalent widths measured.

For the purpose of comparison with the D. A. O.
Arcturus data, measurements of the selected absorption lines
were also made in the Atlas. The method of triangles was
used, in whieh a line profile is approximated by a triangle
whose area is calculated from its dimensions. Dr. R. F. Griffin
very kindly made available measurements of a few of the lines
he had measured from his Mt. Wilson plates (the intensities
having been determined by the method of counting squares).
Figure 5(a) compares his equivalent width determinations
with those of the present work. Figure 5(b), alternatively,
compares the measured intensities of lines in the Atlas
with the same lines on the D. A. 0. tracings of Arcturus;
and as is evident from the small scatter, the two sources
are very comparable. (For this investigation the intensity
measurements of Arcturus from these two sources were averaged.)
Table III provides yet a further illustration of the closeness
of agreement of various equivalent width determinations.

Measurements of equivalent widths are presented in Appendix A.

2.2 gf-Values

In this work, experimental gf-values have been used
whenever possible, for the abscissa of the curve of growth.
Use has been made of Corliss § Tech's (1968) absolute gf-values
for neutral iron. These are basically a recalculation of
Corliss § Warner's (1964) gf-values using a flat normalization

curve for lines with upper energy levels beyond 48 kK -
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TABLE III

SAMPLE EQUIVALENT WIDTH MEASUREMENTS OF LINES

Wavelength
(Angstroms)

5247.05
35225.535
5060.08
5328.04
5405.78
5446.92
5501.47
5497.52
5051.64
5083.34
5150. 84
5145.11
5198.71
5049.83
6421.36
6750.15
6518.38
6355.04
6270.24
5615.65
5572.85
5569.63
5576.10
9717,.15
5636.71
3298.79
5320.05
9217.935
6419.65
6003.03

Low (B Px
(eV)

0.09
0.11
0.00
0.91
L
0.99
0.95
1,01
0.91
0.95
0.99
2,19
F WA
4O & §
F A
2.41
2.82
.93
2.85
3,32
3.38
3.40
3.38
3.40
3.62
3.09
3.63
3.62
3. 93
3.86

OF NEUTRAL IRON (FOR ARCTURUS)

Equivalent Widths (mA)

Present Work

D.A.0. tracings

202
212
178
610
400
430
236
261
259
226
228
141
193
242
206
144
116
141
104
231
187
170
139

87

43

72

47

76

23
113

Atlas

198
204
174
574
380
385
230
245
250
230
214
136
187
234
201
142
114
130
99
240
193
161.
150
92
39
68
45
17
22
103

R. F. Griffin
Atlas

202
190
187
584
396
398
230
248
282
i g |
214
149
183
206

22




thus removing the error inherent in the high excitation

lines in the earlier compilation. Recently there have

been several re-determinations of the scale of f-values

for Fe I; one of the latest being that of Garz § Kock (1969).
Their work has been initially regarded with favor as
application of the new scale to the sun (Garz et al, 1969)
yields a solar iron abundance ten times greater than
previously determined photospheric values. This new
calculation, for the first time, results in an abundance
which agrees with coronal abundance determinations. However
Yamashita (1970) has observed, in a comparison of Garz §
Kock's (1969) gf-values with those of Corliss § Warner (1964),
that there is a strong dependence on the energy of the

upper level from which the line originates. This
observation suggests an error of approximately A6 = 0.3

in the excitation temperature of either the Kiel arc (of
Garz § Kock) or the NBS arc (of Corliss § Warner). In

his extensive review of f-values of neutral iron, Yamashita
(1970) accepts that, while the Corliss § Warner temperature

scale may be too low by ecw = + 0.10, a correction of

Obest
0.3 would not appear to be justified. Another recent
determination, that of Byard (1967), is in good agreement
with the scale of Corliss § Tech (1968). Alternately, good
agreement between re-determinations by Roder (1962) and

Grasdalen et al (1969) may indicate that the absolute scale

23

of Corliss § Warner (1964), hence that of Corliss § Tech (1968),

is too large by 0.5 - 1.0 in the log.
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Thus, because of the present.controversy and because
of the lack of a definitive paper on this very critical
topic, use has been made of the most complete set of gf-values
to date; that of Corliss § Tech (1968)*. Table IV lists
the.sources of gf-values for the specific atoms considered

in the present curve of growth study.

*NOTE: At the time of writing of this thesis, a communication

received from Wares has indicated that the gf-values
of Corliss § Tech (1968) for neutral iron contain a large
energy-dependent error, in the sense that their absolute
scale is too high by about 0.17 dex/volt ("dex'" meaning "in
the log"). This error is believed to arise from an incorrect
furnace temperature used by King § King (1938), whose gf-values
were heavily weighted in the compilation of Corliss § Warner
(1964). Wares has also made known further re-determinations
of the f-value scale for iron; including that of Wolnik et al
(1970) and that of Bridges § Weise (1970), both of which are
in agreement with the work of Garz § Kock (1969).

Further work is now needed to confirm the degree to
which the f-values of Corliss § Tech (1968) are in error and
to define a new scale of oscillator strengths for Fe I.
Because of the most recent work, the results derived in this
thesis based on neutral iron should be considered with some
doubt. The excitation temperatures of Fe I may be too low
by approximately A8 = 0.15 and abundances may be too low by
about a factor of five (Wolnik et al, 1970).

At the present time however, the Corliss § Tech (1968)
data seem to be the most consistent data for the range in
wavelength and excitation potential considered in this work.
Therefore, although they may require modification, they seem
to be the best scale of f-values available.
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TABLE 1V

BIBLIOGRAPHY OF ABSOLUTE gf-VALUES

NEUTRAL ATOM SOURCE(S) OF ABSOLUTE gf-VALUES

Hydrogen Wiese et al (1968)
Sodium Lambert § Warner (1968a)
Magnesium Wiese et al (1969)
Aluminum Wiese et al (1969)
Silicon Lambert § Warner (1968b)
Calcium Lambert § Warner (1968c)
Scandium Corliss § Bozman (1962)
Titanium Tatum (1961)

Vanadium Corliss § Bozman (1962)
Chromium Corliss § Bozman (1962)
Manganese Corliss § Bozman (1962)
Iron Corliss § Tech (1968)
Cobalt Corliss § Bozman (1962)
Nickel Corliss (1965)

Copper Corliss & Bozman (1962)
Zinc Corliss § Bozman (1962)
Strontium Corliss § Bozman (1962)
Yttrium Corliss § Bozman (1962)
Zirconium Corliss § Bozman (1962)
Molybdenum Corliss § Bozman (1962)
Barium Corliss § Bozman (1962)
Ytterbium Corliss § Bozman (1962)
IONIZED ATOM SOURCE(S) OF ABSOLUTE gf-VALUES
Scandium Warner (1968)

Titanium Warner (1967), Warner (1968)
Vanadium Warner (1968)

Chromium Warner (1968)

Iron Warner (1968)

Stroptlum Corliss § Bozman (1962)
Yttrium Corliss § Bozman (1962)
ergonlum Corliss & Bozman (1962)
Barium Lambert § Warner (1968c)
Lan?hanum Corliss & Bozman (1962)
Cerium : Corliss § Bozman (1962)
Praseo@ym1um Corliss § Bozman (1962)
Neodymium Corliss § Bozman (1962)
Samarium Corliss § Bozman (1962)
Europium Corliss § Bozman (1962)
Gadolinium Corliss § Bozman (1962)
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CHAPTER 3

THE CALCULATIONS

3.1 Curves of Growth

Reference may be made to Wright (1948) and
Ambartsumian (1958, page 147) or to most standard references
in astrophysics for a theoretical discussion of the concept
of a curve of growth and the principles underlying it. For
the purposes of this thesis, it is sufficient to regard the
theoretical curve of growth as a prediction as to how the
equivalent width of a line, W, varies with Nifik' This
prediction is based on a specific model atmosphere, usually
Milne-Eddington or Schuster-Schwarzchild (see Cowley 1970,
page 66), and mechanism(s) of line formation, usually pure
scattering or pure absorption (see Aller 1963, page 180).
It is further assumed that there exists a specific value of
the electron pressure and of the temperature that will
adequately describe the state of ionization of each particular
element and the coefficient of continuous absorption.)

The theoretical curves of growth by Wrubel (1949),
based on Chandrasekhar's (1947) exact solution of the
equation of transfer for the Milne-Eddington model, are
used throughout this thesis. Assumptions basic to this
model are:

(1) that the ratio Ov/Kv of the line scattering coefficient
to the continuous absorption coefficient is constant

throughout the atmosphere, and,
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(2) that the source function in the continuum is the Planck
temperature function Bv(T) which is a linear function

of the optical depth L in the continuum,
: = RO 1
L.e. Bv(T) B" « B . 15.1.1)

The coefficients B? and B! give a measure of the limb
darkening. They may be estimated for stars other than
the sun (for which limb darkening is observed directly)
from the relation (see Wright, 1950):
B? 8 k Ty k
TEHT RN R S (3.1.2)
B! 3hvk
where k 1is Boltzmann's constant,
h is Planck's constant,
T 1is the boundary temperature of the star,
k¥ 1is the mean coefficient of continuous absorption,
v 1is the frequency of the observed line, and
k.. is the absorption coefficient in the neighborhood
of the line.
Figure 6 illustrates Wrubel's curves of growth for B°/B!= 2/3,
the set of curves which has been used throughout this work.
These curves of growth have been calculated in terms of

log (W/b), where b is the Doppler width of the line:
b = AV/c (3.1. 9

as a function of no which, by definition, is given by

the expression:
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Figure 6. Wrubel's theoretical curves of growth based on the Milne-Eddington model.
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g /T €2 N c gfa eXp('h\’/kTex) (3.1.4)

0 2
mc® b(T) v Ky

where N is the number of atoms per gram in the ground
state of the atom concerned,

b(T) is the partition function of the atom,

Tex is the excitation temperature of the star,

m is the mass of an electron,

€ 1s the charge of an electron,

¢ 1is the speed of light, and

v is the apparent velocity of the atom.
From the kinetic theory of gases, the most probable velocity
of the atoms of a given element, vo, is given by the

relation:
v, = (ZkTe/ﬁnA)" (3.1.5)

where Te is the effective temperature of the star,
m is the mass corresponding to unit atomic weight, and
A is the atomic weight of the element being
considered.
Then, if v is the velocity obtained from a study of the
curve of growth (the apparent velocity of the atom) and

Ve is the velocity produced by turbulent motions of the

atoms:

2 = 2 2
v = v° t.¥g {34101

Wrubel has also made his calculations for six

29
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values of log a, ranging from -1.0 to -3.0, where:

ag=m A
4mv

(3.1.7)

where [ is the damping constant.

In constructing the absolute curves of growth for
neutral iron, it was observed that the shapes of the
empirical curves of growth (those curves representing
approximately the mean of the point distributions) best
coincided with the above mentioned theo}etical curves of
growth. Figure 7 illustrates representative partial curves
of growth of neutral iron for Arcturus. These are graphs
of log F against log(gfA),(with A in centimeters), for
lines arising from levels of approximately the same lower
excitation potential - with small corrections having been
applied to reduce the excitation potentials to the mean value
for lines in each plot (see Section 3.2). As is evident
from this figure, the curve fitted to the point distributions
(an empirical curve which is identical to Wrubel's curve
with log a = -2.0) is a reasonably accurate description of how
the strength of a line changes with the log(gfA) value of that
line, both in the damping region (shown in plots of lines
with low E. P. = 0.9 - 2.4 eV) and in the Doppler section
(plots of lines with low E. P.2 3.5 eV) of the curve of
growth.

Many investigators have recently used van de Held's

(1931) curves ofigrowth for exponential absorption -
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Figure 7. Example of partial curves of growth; the above being for Fe I (Arcturus). The points are
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grouped according to average lower excitation potential.



R. and R. Griffin (1967) for Arcturus and Cowley § Cowley
(1964) for the sun. R. and R. Griffin were not able to
consider the high excitation lines in their analysis due to
the lack of "correct" gf-values for lines with low E.P.'s
> 3.7 eV. But these lines are the weaker lines, those which
define the Doppler section of the curve of growth. 1In
addition, it is basically due to the high excitation lines
(of which the present study includes more than 200 measured
intensities for neutral iron) that Wrubel's theoretical
curves were chosen over van de Held's as giving the best
coincidence to the empirical curve of growth. The plot in
Figure 7 for instance, corresponding to lines with an average
low E.P. equal to 4.2 eV, shows that Wrubel's curve gives a
very good "fit". It is however to be noted that differences
between the two sets of theoretical curves (Wrubel's and
van de Held's) are slight and that it is largely a matter
of personal opinion which is to be preferred. Figure 8
illustrates the theoretical curves of Wrubel and van de Held
which are best representative of the point distribution
for neutral iron for Arcturus. The two curves have been
shifted slightly relative to one another, both horizontally
and vertically, making the close similarity of the two
very evident. The major difference is a slightly more
pronounced shoulder (occurring between the Doppler and flat
sections of the curve of growth) in the van de Held curve.
Figure 9 illustrates the absolute curves of growth

obtained for neutral iron, titanium, and nickel. These
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/4 --- van de Held
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Figure 8. Compari'son of the shape of the theoretical curve of Wrubel (1949) used

in this investigation, with that, of van de Held (1931), which is most
similar to it.
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Figure 9(a). Absolute curves of growth for neutral iron.
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Absolute curves of growth for neutral nickel.
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curves, due to the large number of data points, may be
considered to be well defined. Figures 10 and 11 show
respectively the absolute curves of growth for the other
neutral atoms and for the ionized atoms considered in this
work. While the curves of Figure 9 may be regarded as
empirical curves of growth, those in Figures 10 and 11
are to be considered as curves of '"best fit", from the
set of Wrubel's curves of Figure 6, which have been
superposed on the few data points available for most of
the atoms. Where the curves of growth extended into the
damping region, the values of log (a) used are those of
Table V (page 42). The abscissa of the curves of growth

is log X which is defined as:

log X = log gfA - eexxi (3.1.8)

where Doe ™ 5040/Tex’

Tex is the excitation temperature (Section 3.2), and

X is the lower excitation potential in electron volts.

As previously defined, the ordinate of the curves of

growth is:

log F = log(W/)) + 6.0 (3.1.9)

- For the theoretical curves, on the other hand, the ordinate
is log(Wc/Av), while the abscissa is log n,: Using equation

(3.1.4), log n, can be written in the form:

log n = 1o N /me? log v + 1o fA - 6. __% (3.1.10)
g R g B(T) mc g g g exXi ode



Figure 10 (a).

Absolute curves of growth
elements of Arcturus.

LOG X

for various nevutral
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Figure 10(b). Absolute curves of growth for various neutral
elements of 31 Cygni A.
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Figure 1l{(a). Absolute curves of growth for ionized elements of Arcturus.
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Figure 11(b).

v T T
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Absolute curves of growth for ionized elements of 31 Cygni A.
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When the theoretical curves are superposed on the point
distributions representing the observations to give the
best possible fit, the differences in the ordinates and
abscissae, respectively 8§ and A, are given by:

§ =8 + 6.0

£3.1.31}
where §“ = logc - logv - 6.0

and A = log n, - log(gfr) + 8 Ry (3.1.12)

Table V contains the curve of growth parameters § and A
for each of the atoms whose curves of growth appear in
Figures 9, 10, and 11. Atoms for which there was insufficient
data to plot a curve of growth, were assigned estimates of
§ and A as derived by the following procedure:

(1) The given value of § corresponds to the mean of the
§'s obtained from those atoms, of nearly the same
atomic weight and of a similar species (ionized or
neutral), for which curves of growth were constructed.

(2) Having fixed the vertical axis, the value of A may
be found by determining the shift needed to
superimpose a line of equivalent width W onto the
theoretical curve by moving only in a horizontal
direction.

Those atoms in Table V which a followed by a dagger

(indicating uncertainty) have had their curve of growth

parameters estimated in this way. The values of log (a)

which best describe the damping portion of the various

curves of growth have also been given - but these, for the
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TABLE V
CURVE OF GROWTH PARAMETERS

ARCTURUS 31 CYGNI A
Atom Log (a) ¢ A Log (a) § A
H I+t
Na I -3.2 5.01 9.26 -2.9 4.76 9.43
Mg It 5.04 4.76 12.9
Al It 5.04 10.40 4,76 10.57
57 17T 5.04 12.96 4,76 15.33 |
Cal 2Rt . 5,04 9.95 -2.2: 4.77 9.95
S5C 1 ~2Js2: 95.04 6.37 -2.8: 4.76 6.68
Sc II «2.2: 5.15 8.30 -2.0: 4.90 8.40
T 3 -2.2 5.00 8.08 -2.6 4,71 8.32
Ti II saset D¢l 9.62 -2.0: 4.85 9.66
Vi «2,2: 5,04 7.53 -2.6 4,74 7.75
V IIt 5.15 9.25 4.90 9.40
Cr I L P 5.10 9.33 -2.6 4,76 9,62
Cr IIt ' 5. .15 10.80 4.90 11.08
Mn I -2.4 5.05 9.40 -3.0 4,78 10.02
Fe 1 -2.0 5.06 10.75 -2.4 4,77 11.40
Fe II «31:8¢ %.15 10.92 -1.8 4,91 11.82
Co I “2.2: 5.07 8.67 -2.6: 4.80 9,34
Ni I -2.0 5.16 10.24 -2.6: 4.90 10. 84
Cu It 5.10 9.65 4,80 10.02
Zn It 5.10 9,75
Sr It Sl 6.40:
STeriT Sedl: 7.60: 4.90: 130
j % Sadfl: 5.85: 4,80: 6.18:
T 21 -1.9: 5,17 8.00 -1.8: 4.90 8.10
4 P S:.12 6.38 4,82 7.02
Zr 11 .87 S k7 Teld -1.8: 4.90 8.08
Mo It Salls 6.20: 4.80: 6.85:
Ba I+t L i a.55°
Ba II -1.9 L% 7.50 -1.8: 4.86 7.67
La II, “L.75 " Skt 6.98 -1.8: 4.90 7.40
Ce 11 _.: -1.8: S8.19 8.52 4,90 5.92
Pr IIt 5.19 6.85 4,90 rE$ ¥
Nd II -1.8: 5.20 6.95 4,90 126
Sm II 5:20 6.68 4.91 6.80
Eu IIt 5.20 7.70
Gd II+ 5.20 7.10
Yb It s.10 5.6 4,80 5.4

Note: A dagger following an atom indicates that the curve
of growth parameters have been estimated from individual
lines (as there is insufficient data to plot a curve of
growth for that atom). A colon following a number
indicates relatively high uncertainty.
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most part, are uncertain because of the lack of sufficient

data for most atoms.

3.2 Excitation Temperatures

The excitation temperature, as derived from a
specific atom, is determined from the relative shift
between the abscissa of the theoretical curve and that for
the plot for each excitation potential. Such a shift,

Alog X, is given by:
Alog X = log Ay log(gfh) (%.2.1)

Assuming little or no variation in turbulent velocity
with excitation potential, using equation (3.1.10), one

has:

Alog X = Constant - © (5.8.2)

exXi

Figure 7 illustrates the relative horizontal shifts of
multiplets which are grouped according to lower excitation
potential. The curves through the point distributions
cross the reference ordinate log F = 1.6 (for example) at
progressively larger values of the abscissa as the average
excitation potential increases. The excitation temperature
is determined by plotting the relative horizontal shifts
against the average lower excitation potential of the
multiplets; the gradient of the best straight line through
the points (by equation (3.2.2)) giving 5040/Tex' Figure
12 shows the plots for neutral iron and titanium; Table VI

gives the resulting excitation temperatures.
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TABLE VI

EXCITATION TEMPERATURES OF NEUTRAL IRON AND TITANIUM

ARCTURUS 31 CYGNI A
ATOM 8 Ty (K) 0oy Ty, (K)
Fe I 1.286 + 0.008 3920 * 40 1.460 + 0.010 3450 + 50
Ti I 1.359 + 0.010 3710 % 50 1.462 + 0.013 3450 + 70

Table VII illustrates the very good agreement of the

excitation temperatures derived in this work with those

determined by R. and R. Griffin (1967).

TABLE VII

EXCITATION TEMPERATURES OF ARCTURUS

PRESENT WORK

ATOM 8o Ty, (K)
Fe I 1.286 3920
™y 1.359 3710

R. AND R. GRIFFIN (1967)

eex Tex (K)
1.27 3970
1.37 3680

The different temperatures for Arcturus resulting from the

Fe T and Ti I calculations may be
stratification of elements in the
star. The cooler, more extensive

may not have stratification which

an indication of
atmosphere of this giant
atmosphere of 31 Cygni A

is as definitive - at

least the similar excitation temperatures arising from the

Fe I and Ti I calculations suggest this.

As only Fe I and

Ti I were suitably represented for reliable determinations

of eex,

the absolute curves of growth of the other neutral
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atoms were constructed (using equation (3.1.8)) by using
either the Fe I or the Ti I value of eex’ whichever resulted
in the curve of growth with the least scatter. The
excitation temperatures of the ionized elements were
determined largely by observing which temperature gave the
least scatter to the curve of growth for Sc II, the most
well-defined of the curves for the ionized atoms (see Figure
11). A computer program was used which plotted the absolute
curves of growth for each temperature considered. The
temperature which seemed to correspond to the graph with the
least scatter was selected. Table VIII shows the values of
8 . which were used for the atoms for which curves of growth

ex
were constructed during this investigation.

3,3 Microturbulence

The apparent velocities v were determined from the
data given in Table V by the use of equation (3.1.11).
Using the appropriate excitation temperature as the best
approximation to the star's effective temperature in
equation (3.1.5), the velocities vo due to thermal motion
were calculated. Equation (3.1.6) was then used to
calculate the microturbulent velocities Ve of the various
atoms. These appear in Table IX. Good agreement (for
Arcturus) between the values derived in this work and by
R. and R, Griffin (1967) is also evident from this table.

It is to be noted that the error in each determination of

microturbulence is about * 0.3 km./sec.
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TABLE VIII

VALUES OF L. USED FOR VARIOUS ATOMS
OF ARCTURUS AND 31 CYGNI A

ARCTURUS 31 CYGNI A
ATOM DAVB* RRG+ DAVB *
Na I 1.36 .37 1.46
Cal 1.36 3. 57 1.46
Sc 1 1.36 1.37 1.46
Sc 11 1.20 1.20 1.41
I 1,359 1.37 1.462
I 1 1.20 1.20 1.41
p A 1 1.36 137 1.46
Cr I 1.536 P 1.46
Mn I 1.29 1.30 1.46
Fe 1 1.286 1.27 1.460
re i1 1.20 1.20 1.41
Co I 1.29 1.27 1.46
Ni I 1.29 .87 1.46
Y II 1.20 1.20 1.41
ir 1 1.89 1.37 1.46
Zr 11 1.20 1.20 1.41
Ba II 1.20 1.41
La II 1.20 1.41
Ce 11 1.20 1.20 1.41
Nd II 1.20 1.20 1.41
Sm II 1.20 1.41

*Results derived during the course of this project.

tResults derived by R. and R. Griffin (1967).




TABLE IX

MICROTURBULENT VELOCITIES OF VARIOUS ATOMS OF
ARCTURUS AND 31 CYGNI A

ARCTURUS 31 CYGNI A
ATOM DAVB * RRG+ DAVB *
Na I 2l Lot I,
Ca I 244 20 5.0
Sc 1 2t 2l L )
Sc 11 : P 7 3.6
i vy 2Bl S5i.6
T PLE 1.8 1.7 4.1
VI ZaetS Zb o 5.4
cr 1 Zol 1.9 L |
Mn I 2.4 7o 4.9
Fe I 2.4 22 5.0
Fe II 148 1.5 345
Co I 2.3 2.0 4.7
Ni I 1.8 1.7 3.6
¥ A1 1.8 1.6 5.7
ir 2 1 PS5 4.5
ir 11 1.8 1.5 Sl
Ba II 1.8 4.0
La 11 1.9 35 7
Ce II 1:8 3 [ 4 O &
Nd II y 158 3.7
Sm II 1.8 3.6

*Results derived during the course of this work.
tResults derived by R. and R. Griffin (1967).

A colon following a number indicates relatively high
uncertainty.
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3.4 Ionization Temperatures and Electron Pressures

Following Unsold (1955, page 431) and Wright (1959),

Saha's equation:

by (T) VTZmm)* /TRT,Y®

p =
¢ by (T) h?

ZIZ
p—

exp(-xo/kTi) (3.4.1)
0

where N0 is the number of neutral atoms observed,
N1 is the number of ionized atoms observed,
P 1is the electron pressure,

e

Ti is the ionization temperature,

bO(T) is the partition function of the neutral atom,
bl(T) is the partition function of the ionized atom,

Xo is the ionization potential of the neutral atom;

and Boltzmann's equations:

N g
1,t . ~1,t exp(-x; ¢/kT) (3.4.2)
N1 bl(T)
N g
O’S = O’S exp(-xo S/kT) (3.4.3)
bl
N0 bO(T)
where N1 t and N0 g are the number of ionized and neutral

atoms in excited states t and s of excitation
potentials X1,t and X0,s respectively, and gl,t and
8y ¢ are the statistical weights of these states,

may be combined to give:
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Nit/81,¢ -

log —2———2" = ei{x - (x0 + X1,t ° xo’s)} + log 2 (3.4.4)
No,s/80,s
where x = (2.5log T, - 0.48 - log P)/6, (3.4.5)

and ei = SO40/Ti .

Measurements of spectral lines of atoms in both
neutral and ionized states were made for scandium, titanium,
vanadium, chromium, iron, yttrium, and zirconium. The data
for solving equation (3.4.4) are presented in Tables X and
XI where the terms of equation (3.4.4) have been simplified

as follows:

>
1]

log Nl,t - log gl,t - log NO,s + log gO,s (3.4.6)

and B (3.4.7)

Xo * X1,t ~ Xo,s

Using equations (3.1.10), (3.1.11), and (3.1.12); substituting
numerical values for the various constants; and following

Wright (1959); the following is obtained:

- A 3 6 +* eixi + 12.30 (3.4.8)

The values of the first ionization potentials, Xp» have
been taken from Aller (1963, page 114). The data of Table X
have been plotted in Figure 13 where A has been plotted

against B - the gradient of the best straight line through
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TABLE X

PRELIMINARY DATA FOR CALCULATION OF
IONIZATION TEMPERATURES

LOG Ny /gy . or LOGNNO ey o

ATOM Xo
STATE X1 +7Xp ARCTURUS 31 CYGNI A

- ’s
Sesd 6,54
a?D 0.01 13.62 18, 23
a“*F 1.44 1dq 64 125 12
Sc 11
al'D 0 3L 15,09 15.36
a’F 0.61 14,72 14.94
a’p 15 51 13.64 13.67
Tisl 6.82
adF 0.02 15+ 30 15.88
aSF 0.82 14.26 14.71
alp 14006 13.94 14. 36
b3F 1.44 15.42 15.81
asp 1573 13,03 13.38
adG 1584 12.84 13: 18
Tieat 1
a?F 0.60 10,05 . 16.26
a?D, a2?G 1,13 1541 15.52
a?p 1x2:3 15429 15.38
sz, a?H 1% 5¢ 14. 89 14.90
b2P 2.06 14,30 14,21
VI 6.74
a“F 0.04 14.74 15.25
asD 0.29 14.40 14,89
a“D 1,05 13.36 13.83
a“*H 1.86 12426 12.69
L1
a’p 1.45 14.64 14.76
Crad 6.76 '
a’s 0.00 16.55 17.16
ass 0.98 15.20 IS. 75
asG 2.52 13.09 13.47
a’p 2.70 12.86 15.22

a’G, a’F 3.09 12.33 12.65




TABLE X (continued)

Xp
X1,t* Xo,s

3.83
4.12

7.87
0.06
0.96
1.55
2.19
2.45
2,58
2.84
3.25
3.63
3.91
4.25
4.57
4.71

2.58
2.86
3.19
3.88

6.38
0.03
1.38

0.13
1.03

6.84
0.07
0.66

0.54
0.71

LOG N

A

1,¢/81,¢
RCTURUS

13,34
13.00

17.92
16.76
16.00
15.15
14.84
14.67
14.34
15.81
15.32
12.96
12.52
12.11
11.93

14.97
14.64
14.24
13.41

13.06
11.22

14.97
13.89

13.47
12.71

14.20
14.00

or LOG N

O,S/gO,s

31 CYGNI A

13
12

18
17
16
15
15
15
14
14
13
13
12
12
12

15
14
14
13

13
11

15
14

14
13

14
14

+01
.64

.84
« 50
.67
. D
.39
.16
.78
")
.63
o 28
D
.26
.05

.05
.68
.21
.24

.67
.81

.46
.05

.40
.54

12
.48
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TABLE XI

DATA FOR CALCULATION OF IONIZATION TEMPERATURES

A*
ATOMS
STATES B+ ARCTURUS 31 CYGNI A
SGJI/S5c 1
alD/a?D 6.84 1.47 1.15
al'D/a“F 5.41 3.42 3.24
a’F/a?D 7.14 1.10 0.73
a’F/a“F g 3 3.05 2.82
a’P/a?D 8.04 0.02 -0.54
a’P/a“F 6.61 1.97 1.55
Thall 31 1
a’F/a’F 7.40 0.69 0.38
a’F/a’SF 6.60 1.79 1.55
a2F/a’p 6.36 .11 1.90
a2F/a’p 5.69 3.02 2.88
a2P/a’F 8.03 -0.07 -0.50
a2P/a’p 6.99 1.35 1.02
a?P/asp - 6.32 2.26 2.00
a2P/aG 6.18 2.45 2.20
b2P/a’F 8.86 -1.06 -1.67
b2P/a’pP 7.82 0.32 -0.15
b2P/asp 7.15 ) o 45 0.83
vV II/V I
a’P/a“F 8.15 -0.10 -0.49
a’P/a®D 7.90 0.24 -0.13
a’P/a“D 7.14 1.28 0.93
a’P/a“H 6.33 2.38 2.07
Cr II/Cr I
b“P/a’s 10.59 -3.19 -4.15
b*P/ass 9.61 -1.86 -2.72
b“P/asPp 7.89 0.25 -0.21
b*G/a’S 10.88 -3.53 -4,52
b*G/ass 9.90 -2.20 -3.09
b*G/asG 8.35 -0.09 -0.83
b*G/a3G 7.79 0.67 -0.01
Fe II/Fe 1
b*P/asD 10.39 -2.95 -3.77
b“P/asF 9.49 -1.79 -2.46
b*P/a’F 8.90 o~ wl R -1.60

b*P/b?F 7.87 0.30 -0.09




TABLE XI (continued)
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A
ATOMS

STATES Bt ARCTURUS 31 CYGNI A
Fe II/Fe I (cont.)

b*P/2%D 7.20 1.16 0.88
b“F/aSF 9.77 -2.12 -2.85
b“F/aspP 8.54 -0.53 -1.04
b“F/b3F 8.15 -0.03 -0.48
b*F/z3F 6.82 1.68 1.36
b*F/y3D 6.02 2.71 2.03
a*G/a®D 11.00 -3.68 -4.63
a*G/a’F 9,51 ~1..76 -2.46
a*G/z’p 8.61 -0.60 -1.14
b*D/asF 10.79 -3.35 -4,28
b*D/z7D 9.30 -1.43 -2.21
YALI/Y 1

a’D/a?D 6.48 1,91 1599
a’D/a"“F 5.16 3.75 3.65
a’F/a2D 7.38 0.83 0.38
a’F/a“F 6.06 2:87 2.24
ir 1171Iv 1

a?D/a’F 7:31 0.83 0.32
a%?p/asSF 6.72 1.49 1.18
a%2F/a’F 7.48 0.53 0.08
a%?F/aSF 6.89 1329 0.94
* A = log Nl,t - log gl,t - log NO,s + log gO,s

LR St " - X1,t ~ Xo,s
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Figure 13. lonization temperature derived from the Saha and Boltzmann equations. The gradient of
the straight lines (least squares solutions) give 8ion
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the points giving 5040/Ti . The scatter of points in
Figure 13 is quite small, attesting to a consistent
ionization temperature as derived from the seven elements
considered. The ionization temperatures, presented in
Table XII, are quite similar (as expected) to the
excitation temperatures previously derived (see Table VI).

Equation (3.4.4) may be re-arranged to take the

form:

log Pe = -ei(xo + X1,¢ ° XO,S) + 2.51og Ti
N, ./8 4
- log -2t 2% . 9,18 (3.4.9)
NO,S/gO,s

from which the electron pressure, P_, may be calculated

e’

using the derived ionization temperature (Table XII) and

the data of Table X. The results are presented in Table XIII.
R. and R. Griffin (1967) deduce that the electron

pressure of Arcturus has the value: 1log Pe = -1.89. This

is a factor of three smaller than that derived in this

work; but it is obvious from equation (3.4.9) that the

electron pressure calculation is very temperature sensitive.

Rather than following the standard procedure used in this

work for the determination of the ionization temperature,

R. and R. Griffin (1967) adopted a temperature, corresponding

to‘ei = 1.34, based on flux measurements of Willstrop (1961).

The difference between their adopted temperature and that

used here (corresponding to ei = 1.26) largely accounts for

the difference in the electron pressure determinations.



TABLE XII

IONIZATION TEMPERATURES OF ARCTURUS AND 31 CYGNI A

ARCTURUS 31 CYGNI A
0, T, (K) 0; T, (K)
1.259 + 0.010 4000 *+ 50 1.412 + 0.010 3570 + 50
TABLE XIII

THE ELECTRON PRESSURE (LOG Pe)

ELEMENT ARCTURUS 31 CYGNI A
Scandium -1.35 ~2.21
Titanium -1.32 =215
Vanadium -1.41 =2.38
Chromium -1.44 # 22
Iron -1.38 -2.34
Yttrium -1.36 -2.24
Zirconium -1.14 -2.02

WEIGHTED MEAN «ils 36, % 0.1 -2.28.% 0sd
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The lack of agreement between the ionization temperature
derived by curve of growth procedure and that deduced from

flux measurements is not known at this time.

3.5 Chemical Composition

From equation (3.4.8), the number of atoms in the

ground state of the rth ionized state, Nr’ is given by:
log Nr = A -8+ 12.30 + log br(T) (3h6.1)

For most atoms, the partition functions calculated by
Cayrel § Jugaku (1963) are used here. For other atoms for
which no such calculations are available, the partition
functions have been assumed equal to the statistical weight
of the ground state (cf. Uns6ld 1968, page 90), the
G%nfiguration‘of’which was taken from Melissinos (1966,
page 497). |

Following Yamashita (1967), the total number of
atoms of a given element is given by:

o * Ny
log N = log Nr + log ——— , 0% 01.3 (3:86.2)

N
T

For the calculation of the ionization correction, the last
term of the above equation, Saha's equation with the
ionization temperatures and electron pressures listed in
Tables XII and XIII have been used. Because the stars
considered in this thesis are late-type stars, hence fairly
cool stars, second ionization of atoms has not been

considered - the contribution to N from this source would



TABLE XIV

THE NUMBER OF ATOMS PER GRAM OF STELLAR MATERIAL

ARCTURUS 31 CYGNI A
ELEMENT (137 "q2) (3) (1) (2) (3)
H I
Na I 16.85 3.40 20.25 17.27 3.43 20.70
Mg 1 19.46 0.91 20.37 20.43 0.63 21,06
Al I 18.43 1.89 20,32 18.87 1.79 20.66
Si I 21.17 0.19 21.36 21.81 0.08 21.89
Ca I 17.22 2.78 20.00 17.49 2.67 20.16
Sc I 14.64 2.24 16.88 155, 22:4 2,95 17,22
Sc II 16.77 0.00 16.77 17.09 0.00 17.09
Ti I 16.74 1.90 18.64 17.25 1.69 18.94
Ti II 18.47 0.01 18.48 18.78 0.01 18.79
VI 16.38 1.67 18.05 16.88 1.46 18.34
V II 17.99 0.01 18.00 18.34 0.02 18.36
Cr I 17.45 1.54 18.99 18.07 1.35 19.42
Cr II 18.76 0.01 18.77 19.26 0.02 19.28
Mn I 17.43 0.95 18.38 18.32 0.68 19.00
Fe I 19.37 0.60 19.97 20.29 0.35 20.64
Fe II 19.67 0.13 19,80 20.28 0.26 20.54
Co I 17.36 0.43 17.79 18.26 0.23 18.49
Ni I 18.82 0.35 19.17 19.66 0.19 19.85

*Cu I 17.18 0.39 17.57 17.82 0.21 18.03
Zn I 16.98 0.02 17.00
Sr I 13.66 3.30 16.90 G
Sr II 15.05 0.00 15.05 15.11 0.00 15.11
Y I 14.07 2.28 16.35 14.65 2.12 16.77
Y II 16.27 0.00 16.27 16.59 0.00 16.59
Zr 1 14.97 1.73 16.70 16.03 1.51 17.54
Zr 11 16.44 0.01 16.45 17.01 0.01 17.02

*Mo 1 14.24 1.19 15.43 15.19 0.95 16.14

*Ba I 11.75 3.92 15.67

*Ba II 14.93 0.00 14.93 15.41 0.00 15.41
La II 15.53 0.00 15.53 16.16 0.00 16.16

*Ce II 14.27 0.00 14.27 14.96 0.00 14.96

*pr II 15.79 0.00 15.79 16.38 0.00 16.38

*Nd I1I 15.94 0.00 15.94 16.55 0.00 16.55

#Sm II 15.53 0.00 15.53 15.94 0.00 15.94

*Eu 11 15.75 0.00 15.75

*Gd II 15.90 0.00 15.90

*Yb I 12.80 2.65 15.45 12.88 2.52 15.40

(1) The number of atoms in a given stage of ionization.
(2) The ionization correction.
(3) The number of atoms per gram of stellar material.

* Atoms for which the partition function is assumed equal
to the statistical weight of the ground state.
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be negligible. Hence only r = 0 and r = 1 are considered
in the previous equation. Table XIV gives details of the
results.

An estimate of the number of hydrogen atoms per
gram of stellar material is not included in Table XIV
because of the inapplicability of curve of growth procedure
to the abundance determination of hydrogen. The equivalent
width of a line of hydrogen, rather than being most
sensitive to the number of atoms, is instead '"'controlled"
by Stark broadening. Also, because of the high excitation
potential of the n = 2 state (10.15 eV) of hydrogen, in
comparison with the mean kinetic energy, populations of
atoms in various energy levels are very sensitive to
departures from local thermodynamic equilibrium.

The number of atoms was derived from both neutral
and ionized atoms for several elements and, in general,
the agreement is quite good. Because a larger number of
lines is usually available for a neutral atom, the
determination of the number of neutral atoms may be
regarded as being more reliable than that of the number
of ionized atoms. However, the ionization correction is
generally quite large for neutral atoms (in the derivation
of the total number of atoms of a given element) and as
previously stated (Section 3.4) this correction is very
sensitive to the adopted ionization temperature and
electron pressure. The number of ionized atoms, on the

other hand, is essentially insensitive to the ionization



correction. As a result of these considerations, mean
values have been adopted and final results are presented in
Table XV. The solar abundance derived from the detailed
analysis of the curve of growth by Goldberg et al (1960),
with additions and corrections as given by Miiller (1966),

is also listed in Table XV. Systematic differences between
the absolute scale of gf-values used in the present work

and that used in the determination of solar abundances
derived by the other observers have been adjusted by adding
corrections to the solar abundances. In this table the
titanium abundance has been normalized to log N = 4.00.
Titanium has been chosen as the 'standard" over hydrogen

and silicon, either of which is more frequently adopted as
the reference element in curve of growth literature, because
the curve of growth for titanium is much more accurately
defined. Also, titanium was chosen over iron because of the
present doubt (see Section 2.2) in the scale of gf-values
for iron. In addition to the scale of abundances, Table XV
contains the number of lines, due to the neutral and to the
ionized atoms, which have been measured.

In order to detect any anomalies in the abundances
of elements of Arcturus and 31 Cygni A, the abundances
derived for these two stars are compared with the solar
abundance. Table XVI contains the logarithmic abundances of
Arcturus and 31 Cygni A relative to the sun. Only those
elements for which more than five lines have been measured

are included in this table. The reason for this is that the
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LOGARITHMIC ABUNDANCES

ARCTURUS

ELEMENT LOG N A B

H 4

Na 5.69 8

Mg 5.81 4

Al 576 2

S1 6.80 6

Ca 5.44 38

T4 4.00 192 31

Se 2ol d 17 17

Vv 3.46 126 2

cr 4 .52 84 2

Mn 3.82 41

Fe 5.33 560 18

Co 3.23 48

Ni 4.61 114

Cu 3. 01 3

Zn 2.44 2

Sr 1.44 2 il

Y 1575 4 6

Zr 2.02 16 4

Mo 0.87 3

Ba 0.76 1 4

La 0.97 13

Ce -0.29 8

Pr 1:23 2

Nd 1. 36 15

Sm 0.97 10

Eu 1.19 1

Gd 1.34 1]

Yb 0.89 1

A - Number

B - Number

TABLE XV

31 CYGNI A
LOG N A B
3
5.83 5
6.19 4
5179 2
7302 5
£ 29 29
4.00 137 26
2152 12 14
3.48 95 2
4.49 49 1
4.13 22
5972 375 13
3.62 28
4.98 58
3516 3
1.07 1
1.81 2 5
2.41 5 4
1.27 5
0.54 1
1.29 8
0.09 5
1.51 2
1.68 12
1.03 7
0.53 1

SUN
LOG N

11.29
5.59
6.65
5.49
6.53
5.44
4.00
2.09
5319
4.30
4.03
5.86
3.62
4.59
2479
2.91
1.99
2.49
1.94
1.59
1.39
1.33
1.07
0.74
1.92
.91
0.25
0.42
£ 57

of lines measured due to the neutral atom.
of lines measured due to the ionized atom.
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TABLE XVI

LOGARITHMIC ABUNDANCES RELATIVE TO THE SUN

ELEMENT ARCTURUS 31 CYGNI A
Na +0.10 +0.24
Si M2 7 +0.49
Ca 0.00 -0.15
Sc +0.18 40 .23
Ti 0.00 0.00
v +0.27 +0 .29
Cr +0.02 +0.,19
Mn -2 X +0.10
Fe -0.53 -0.14
Co -0.39 0.00
Ni +0.02 +0, 39
ir +0.08 +0.47
La -0.35 -0.03
Ce ~k. 3§ -0.98
Nd ~0.56 -0.24

Sm +0.06 +0.14



abundances, of those elements for which there are as few
as one or two measured intensities, cannot be regarded as
significant. The abundances may be erroneous because of
the possibility of failure of properly taking blends into

account. Even the line identifications may be uncertain.

It is to be noted that the method of coarse analysis

is used throughout this investigation; hence, one can expect
the abundances to have uncertainties of a factor of two.

With this in mind, it is to be observed in Table XVI that
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the chemical abundances of elements of Arcturus and 31 Cygni A

very nearly reflect the solar abundance, with only a few
deviations. The elements around the peak of the iron group
in Arcturus seem to be slightly underabundant, with the iron
abundance down by a factor of three. The 'rare earths";
lanthanum, neodymium, and especially cerium, are also
underabundant in Arcturus. One notes however that the
abundances of those elements for which many lines have been
measured in this analysis; calcium, chromium, and nickel,
are almost identical with the corresponding solar abundance.
While 31 Cygni A has a large underabundance of cerium,

this star seems to have a slight overabundance of silicon
(uncertain), nickel, and zirconium. Other than this, the
chemical abundances of 31 Cygni A are quite similar to the

solar abundances.
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CHAPTER 4

SUMMARY AND CONCLUSIONS

By following standard curve of growth procedure,
measured line intensities of 29 elements have been used
to derive the various atmospheric parameters of Arcturus
and 31 Cygni A. Table XVII gives a summary of these
parameters, presenting the values which have been derived
from both the neutral and ionized atoms. The higher
excitation temperature, the lower turbulent velocities,
and the larger value of log a (hence a larger damping
constant) for the ionized atoms, all provide evidence of
stratification of elements in the atmospheres of the two
stars. Arcturus shows a more defined stratification than
31 Cygni A as the neutral elements themselves seem to be
observed in different regions of the atmosphere - depending
on the ionization potential and the atomic weight of the
element. It is to be remarked also, while on this topic,
that in plotting the absolute curve of growth for iron for
Arcturus, the high-excitation lines appeared to have a
slightly lower turbulent velocity than the low-excitation
lines.

The relatively low standard errors associated with
the quantities in Table XVII are a measure of the excellent
quality of the high-dispersion spectra (especially for
Arcturus) used in this investigation. The results for

Arcturus agree well with the results of previous studies of



TABLE XVII

SUMMARY OF THE ATMOSPHERIC

(iron) 1.286
(titanium) 1.359
(ions) 1.20
(iron) 3920
(titanium) 3710
(ions) 4200
Ve (neutral atoms) 2. 8
Ve (ions) 1.8
log a (neutral atoms) -2.2
log a (ions) -1.9
1.259
4000

log P, -1.36

PARAMETERS

+ + K+ 1+ ¥+ B ¥+ H+ H+ + + W

I+

0.008
0.010
0.02
40

50
100

1.460
1.462
1.41
3450
3450
3580
5.0
M
2.0
+139
1.412
3570
~-2.28

+ + + + H+ *+ * B+ H W

I+

66

0.010
0.013
0.025
50

70
125
0:2
0.3
0.1
0ud
0.010
50
0.1
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this star; especially those of R. and R. Griffin (1967).

As mentioned in the introduction of this thesis,
Wright (1959) discusses the temperature and composition
distributions in the chromosphere of 31 Cygni A. Figures
14 and 15 illustrate his results. It is to be noted that
the few points of Figure 15 which are a result of the present
work have had a correction added to the values of Log N.
This correction is needed to reconcile the definitions
of N. For this work, N represents the number of atoms
(of a particular element) per gram of stellar material,
whereas in the results of Wright (1959), N represents the
number of atoms per square centimeter in a column above the
photosphere (in the line of sight). These two definitions
are characteristic of the Milne-Eddington and Schuster-
Schwarzchild model atmospheres respectively. Wright (1950)
compares the theoretical curves of growth based on these
two model atmospheres and the differences in ordinates and
abscissa between the two curves of growth, when inserted in
equation (3.5.1), yield the differences in log N. As a
result of these considerations, 0.30 has been subtracted
from those data points of Figure 15 which have been derived
in this work.

Considering the excitation temperature of 3450 K
and the ionization temperature of 3570 K derived for
31 Cygni A in this investigation and superimposing these
values on the graph of Figure 14, one concludes that the

spectra of 31 Cygni A reflect the conditions at a "mean"
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height equal to about 0.1 radii of 31 Cygni A in the
atmosphere of this star.

Figure 15 shows that the value of log N derived
in this work is generally much higher (often by a factor of
ten or more) than the largest value derived by Wright (1959)

- that corresponding to spectra taken just prior to total

eclipse of the B-type companion star. This however is as
might be expected since the log N determinations of Wright
(1959) are essentially integrations along a chord, of width
equal to the diameter of the B-star, of the circle defining
the disk of 31 Cygni A. Those derived in this study, on
the other hand, are integrations over the whole disk. The
results of this thesis thus appear to be in accord with
previous work on 31 Cygni A and this work should complement
the investigations of Dr. K. O. Wright on the binary
31 Cygni.

The chemical compositions of both 31 Cygni A and
Arcturus seem to represent approximately the solar
abundances although Arcturus may have an underabundance of
the heavier elements relative to the lighter elements.
The "rare earths'" and the elements centered on the iron
peak appear to be underabundant by a factor of three in
Arcturus. 31 Cygni A does not provide evidence for the
same anomaly, although it appears to have an overabundance
of nickel. The underabundance of cerium by a factor of
ten in both stars causes some doubt in the accuracy of

this abundance determination. However, because of the few



lines measured of this element, the abundances cannot be

regarded with any great significance.
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APPENDIX A

OBSERVATIONS OF LINE INTENSITIES IN
SPECTRA OF ARCTURUS AND 31 CYGNI A
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Column

Column
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NOTE:

one:

two:

three:

four:

five:

six:

seven:
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DESCRIPTION OF CONTENTS

multiplet number of the line as found in
"A Multiplet Table of Astrophysical Interest,
Revised Edition'" (Moore, 1945).

laboratory wavelength of the line in Angstroms.
lower excitation potential in electron volts.

excitation potentials of the lower and upper
levels involved in the transition in kaysers.

logarithm of the absolute gf-value multiplied
by the wavelength in Angstrom units.

intensity measurements* of Arcturus representing
the mean of the values measured from Dominion
Astrophysical Observatory intensity tracings

and from A Photometric Atlas of the Spectrum

of Arcturus (Griffin, 1968). The data are
given, in addition to W in milli-angstroms,

in terms of log F, where F is the Fraunhofer
unit - a dimensionless quantity equal to

108 (W/X).

intensity measurements* of 31 Cygni A derived
from Dominion Astrophysical Observatory
intensity tracings.

Columns six and seven also list estimates of the
relative reliabilities of individual line measurements.
A weight of 2 indicates that the line is essentially
blend-free whereas a weight of .5 indicates that a
good deal of blending is present. Evidence of partial
blending is denoted by the number 1.

*No corrections of the type mentioned by Griffin (1969) for
instrumental distortion have been incorporated into these

measurements.



31 CYGNI A

ARCTURUS

P
LOG gf)

LOG F  WT.

W

LOG F WT.

W

ENERGY LEVELS

0
E.P.

-

MULT.

OO ot

—
A

noo:
N
Noloa b
o ped 4

nNoe e
NN
e 0 0

NN

aNC O
M-
- 300

6972

MACNO
N0 w0
o ¢ 0 9
Fenenny

oA
aoNDMN
FONND
~OLN O
[ lelale

[ -

oo
wnnnimn
NN
NN
[sofeelealee]

nunnin
o e ed d
LA
oocp
ke

oo M
0 AT~
"0 e
N O
VOO
0N M-
O

o g g gl

31 CYGNI A

ARCTURUS

Na T

LOG F  WT. W LOG F WT.

W

LOG gfA

ENERGY LEVELS

OW
E.P.

L

MULT.

s ot ol el

-
&
-
i
0

INJ O\ e e ] o e ot

INFINOO~NN
HOT NS FNN
® % 0 0 0% 0 0
i O\ pd pd ged e e geend

= (N CO = 00 O F £
MO TCO
volvs) ot it

00 00 NN F PN
0 NN O OM
® 0 9 9 0 0 *

M ONNMMANN

P O e e (N DN N N
~UNOO G TN
AN NINNDO ™M
ToRVolaal o BS  of pdeo]
=t e VY OO PO PO OO

D OMOMOMmn
e " ing g
IO
OO0 L 000
ot o e

OFOMNOO
(0 O md G oed O et
* a0 ..c LI
D ONNNNNN

AT L NV T
O DA-NO DO
* e % % 9 0 00
0N LN C 00 NN 00
£D ON N0 NG Q0 00 N0
55 20 it L0 O 3° O
0 N0 0NN

ted ot LV LAND O N N
-

31 CYGNI A

ARCTURUS

LOG F WT.

W

W LOG F WT.

LOG gfa

ENERGY LEVELS

MULT.

ot O\ O\ et

NO—O
(o oXel'y}
e 0 0 0
1?22

ool e lew)
~OoOM
N

—~NeN

VNN
Mg
oo 0 @
- OO

~ONO
VNN~
NSO

Py}

Fn AN
~inmo
.w...
~E N

O it
~oOn
20 el roed reed
ot e ek ped
N

OO0
-
foeeTe)
el ek o
NN

oYolo)
O~
2.0 0 o
oNNN

ONOw
O
L B
-0 NN
M~ OO
LN v o g
& NN

74




Al

31 CYGNI A

ARCTURUS

WT.

LOGF

W

WT.

LOG F

W

LOG gf)

ENERGY LEVELS

W

ol

MULT.

SC
[aalaV}
..

N0
L gl
o

-0
—t N
L ]
-

~r~
N

>
-t

o
NN

wnn

31 CYGNI A

ARCTURUS

Si I

T

LOG F

W

LUG F Wi

W
3
5

LOG gfx

ENERGY LEVELS

LOW
E.P.

MULT.

nn
N
L)

NN
@O

N0
[cofoy
.

ocC

pod g poed

AN

LN B ]
wod ol qund

+nO
ROy~
o meed

e ]

~ 0NN O
0O ON et ON
"0 0 0
DO~C

NN

\ N Faon

NN

00N

o

DN
Tol-oXo o
O
PNOO
MOt

—~ O X0
PO CO
0 00

N A

OO0
Pt SOV ol
o 0 00
N Q0 O\
OO~
~ OOV
TalFai¥altal

POOMN
pred el e el

PO
N AN
P=NO

ARCTURUS

Cal

31 CYGNI A

LOG gf)

ENERGY LEVELS

WT. W LOG F WT.

LOG F

W

W
E.P.
0.0

el

MULT.

Ll

wd o

v
<

~ 551.:_0

o O
= ~NOM~
0 o0 0 0
" O\ e O] et

NN
AN
TR AN

[eB Rviv)

H O N NN

0 OND OO

s|o o 0 00 00 0|0
o O\ el g ol ol oo g g

o
N~
e
o
S
Ll
(@]
|

Q1
Ll
Ny
na
Ll

O

q

6572.78

=

1666¢444

oOmFaonn
ok o pJaple e EloN]
OO\ et O] ot O] ot

ONFINC MO
IO ®
...OW.....
0000 63 N ) (Y N e

i

NOOOM®DND
NS TN g
0 LAV NV =P P
I ot gt gt P P o e
N OO0 00 (0 N
§
DO OMO®DO0
et med L ek (£ ped i
AN i 6 md () 0O
NN AN A
ok b e g o ol et

i

i

i
O OMONONO
= 20 00 €0 60 60 0 0
" 0000 00 900

Ulll.wlll.l

i

M

I (NN GO 8 ON
e et NN e oF GO O
IR
0NN S IO
N NS AN
N et et o I 3 3

N M N

75




“v:u |

31 CYGNI A

ARCTURUS

LOG F WT.

W

WTe.

[0GF—

W

g %177 2 Mee——

ENERGY LEVELS

W

LOW =~
BPh

| T pra—

el e

U et
elw]
o
@M
-0
MmN
<+

NI O\ e O\ (\) ot

skl lele]
M= OIS
¢ 0 00 00
pord et gt end et ot

SOC O NM
A~ 00O
AN N

NI VETNT NI NPT N

CNOST OO
& aalaalaViaatoalaal
e 0 00 0 0 0
pocd 1 rod omd d s o

NN NN OO
ChNT O™
.411141111

MY 0 i = N~ O
NN O
® 0 0 0 % 0 0 o
M NN NN N

oo
DN 6O =t 2 0O O P 1O
NN CDIN D
nnninno o
salaalaalaataalaatsalasl

O~~~
N O A O
salaalanfaaloateataatysl
COOCOO0O
NN NN

o d sd ok el med ]
I aninnnn
LI I B I I )
NN NN NN

~OOVNC ~On
OO0 O00N0
LI T S I}
PO ONNT O
MAOMNMAST OO
SRS i el
yelelolNo}Vo No Vo RNo)

TR COD
et ot gl g et wed (N (N

aNANANNN

0N F it OO
L o Yo o)
e 0 000
od o o g

nos~o o
NN

N O~ NN Y

NN NN
® 0 0 20 0 0
st et end e e d o

et U\ omed ) el 00 O\ 3
NO e 00 N
e et e e e ot el

DN QO & O O O\ ek oed
S o aleoRVe JTa¥aNT N
o & 0 % 0 0 0

NANAN M

NN
A - T -
NN N~ NN
YolNoRNoloofsoleelsolso]
A AN

[\ O U d O8N LA et O
M N O~
b FA o 0 P Y e
boocoooo
R N O N N N N

ot e ot e el ek e ek
N A nnen
* 0 8 0 00 0
NN

N OM O LA IA - O
NP Ny
® 0 9 o 8 0 0 0
NC =t 0 QO &I QO od et
L OO0
=l wd LY LA LD O N
O OO0 nnn

(3 O CC vt pomd el pomd oeed
NN NN NN

™ 0 O Ot o O o 1 O N 4 O (S

el g poed et [N e ek

ATTaYe TR T S

OO ™M T
® 0 % 0 0 " 0
pond gk e e gt el e e

N O\ e O OO
ke e e e R B e K

P=~OMODOMO
® 0 0 00 0 00

AN —~C NOM
alaalasd S daaTea Lol
N YOO e N N DN )

MO AN AN

et 2 00 0 0y

NI LT NEVTNTNT NI N

98102363%6
~
L )

NONANNN NN NN N

el ]

s
O 0V@ON O~

P ord ok el o et ek ek

17060,8 1?1
COONOFONCTOT N
NN =N (NS

0 4
~glan

N

alas)
0 i
e ek

MmN maamMmmMme

=3
N 0O
~ 1~

PO NN O OM O v
5334%‘344&'4

AN~ DO NN

53]

) D

MMM OOXTO0
DCOCT rmirmdr M
NANNNNNN NN

et ot ek ol =4 O O O NN
Sl alaliale dad e ralel

=i OO TIND
HAINONO SO

O O\ LN O M= OV O~
(N 0 \O 00 P ot iF (N
O O UL 0 M= (LA 80 10
LA O & 0N T IO LA

= O N NI O M= 00
NONONNNMN A

31 CYGNI A

ARCTURUS

oC

LOG F WT.

W

L0G F WT.

W

ENERGY LEVELS LOG gfa

MULT.

vl vl eved

SOonN
P i
L
O wd et

nown
M0

e g e et

NOM(
OMN R
(K
CC i

Ue U

O NAR
N
—

L8

Ol
oMoy
e 00
OmilNn

LeJdC

Land et i
Tallale b o)
O
nno
-

0
168
0

QOC

SOC

[aalia)-e]
o MN0
08 00
L (]
el
Mo
NolelNs)

et ot O\

76




31 CYGNI A

ARCTURUS

LOW

MOLCT.

LUG + Wie.

W

Wle

LUG F

W

LOUG gfX

ENERGY LEVELS

EePe

et gud (N vl pmed L\ (N el et
LN 3
NN OW M
QQONTOON -y
® 0 0 0 00 L I ]
el o gl e O et el ed O
~MOOOMON N
M~INEOT O I

NN

M~ O (1 4 Q0 = (I

I
O

INJ ol o et N et O] O\

NS et nF O\ 44 +=ed QO I
L I R I
et el O vl el i O O

O NN N0 0 =\0 ON
Ofmd OO MM
-

Dm0 N - O
4O~ MO OO

N~ 00 WA
‘oRTalapl
° 00
CCo

O = O
N O\ et

DOVO
=N

R gian ks gt g BN g g g G S o

—t |

oC
K
Qo

N ed
NolNe}
* e
N0
N
o
™M

N O MO e Ot T
OO NN NN
Mt OO —
NP ON = NN OO
N namn

O OMOM~MNO
e et U e ot e - N
OO C OO

et rmd md e el o pd

SEAARS gl i gl o XX o
N S0
® 0 9% ° s 0 00
ot red .y ot e od

=T O~ N
88057856
e 9 0 0 0 ® 0 0
FAO T =0 &
N~ N OO
OO O~NT
TallalVaR¥a Talt JTollo)

NN TN O
et poed el g e s ] g

b e e e et ek L0\ F U

oo
mi=la
* o0
NN
N -
alaalan)
N

o))
Cas

31 CYGNI A

ARCTURUS

R —

LOG F

e

R -

OG-

L

LOG gf)

“ENERGY LEVELS

=
-

ety

—HUET.

ok el e gt el goed L) e et
.
QOMed W=D
OXVN® —N0DM
e 900 o9 00
O\ oed opd d 11101
POOC NN~
NN MO OMN
OO N -t

el e e g gl g ] ] ] e

Netomd | NN
. .

OO O
[aalaal s BENTA RN o
. e L B
el et e | e g
noo: oo
=M ONO
Lo L B T

i d O\ O\ et et )

AN =~ O N O N
N 0 O Q0 80 F O red
® e 0 00 000

ed pond ot O ok el O ped

0 I\ S NN
10 CO QN o) =t () (NICO
et e

NN DO el OO N

QO ON O 100 O\ N el PO N

sala'E

@ 0 % 0.0 0 0 0
et () 06 omed 00 () d ()

N ot ot N30 O O\ i
DN =N O
0 0O ™00 MPM !
MR- O NN
NN oMoy

DNNNN O
QO N
DTN
FOOOO~N

T i e o g g

O N =)
O el (N 0O ()
¢ 0000 00
lllqll

i
(Yo X X 1o
I N 0O O et et

[ gl el

i
i
i
i
|
|
{

i

SONDMNN
FonNnO~
.0.0W...
NNNNMM

NNV O
F AN
NP0 0 M
OO ON
NANNNNM

ot N ed g oF" el

OO OO

et e e e v (N

NN N

o rad e o e e
i

Nt OO (D C D O i

VLM Tt
OO

Caliatialalal o]

O O o e ot 1 e st o e e el el e

PO el O
SN0 FNO
® o0 0 0 0 00
FTOD—~ONN
Ll i aalnd "2tk o
alaalagteielVe fot)
SEES S TR (o R gt o W)

Ao
et =t N N NN N

77




31 CYGNI A

W

ARCTURUS

T T

WTe.

LOG °F

LCG F  WT.

W

ENERGY LEVELS LOG gf)

W
Elal

]

MULT.

ON~O0M
oo~
0 0 0 0
O\ ed oo o o

ooVnn
arNO ™
O NN

N e e VO O

wcanNninNoNmir

MMM OIN N
e e 0 00 00
RS o P S s g

NMNOT TS
rd NN O0O N
e el (N (N e gt e

OO IND
OO0
e 0 0 9 & 0 0

N O O\ O\ ot e O\ el

NOVATNO PN

- 00N OM
O NN N

FA = O~
3

"~ OO C DNt i

d o v s el g o], g e o

INON NSO DX =M OMINNMA]

) =0 QO LA A - g

12111211111133 P

DO OVMF T AN
OO MININT N

et O O N ot et et (N O et et NN O O D et med NG £ 0 e pd

NN N
O AN
pel olia ks SapFalt 4
QOO
et g g o] e ] e

~ONCOCOO
O 00 == =

nanNeyN
L0
9% % e 0 9 0

coopooc

DO e O T
NN
® @ & 0 & o o
CoONTNM~
OO ot D =l 1A
T O\ et O\ ot ot
nnaninreinn

ANI T I TS

0O OOXTO®
NONOIF O
= O et T LA NN
(0O QO C et e ek ol
OO NN N NN

~OOOMOON~
O~ O ©
PO ot gl 31 ™M

NN I 1
aod e e fend & e v )
o 2 0 92 90 % 0 0

O el LAV - €O P I
O TONNC
1 O 0 =0 N Nt
= O NN I LN
NN NN

DONONS O~
I~ M0~ NN
et 2 = 0 = 0
N

N OO OGRS O\ e e
DOCTOD2TX
URCC T B

COOCDOCOPOOOOT OO

DA T NI O M DI
OPO—OINT M0N0~ 0~

NOOMNS=M~ONMANNOODCO
NMOOTOLON=MNO~CONOOD©
C OO VOO0 N~OD MM
IO ST TN NN

AN N O OO0~ AN NN A
m ek el 1) 1)

et O & moom Do oAONIN
splwlo - of N~ O POCCOTID
LI B B . L I ) ® 0 % 0 0 0 @
e (N ot e - NN et ek e (N e g red gl
DOCO Cc 1K PN —O
10 =N n NCm™ ORI O 0 LA et
e N O NN

NI T PR NENT NI N BT NT NI NPT\

POOLC—~PI T
N MM AB AN
¢ 00 2 0 0 0 0
i e wd ot poved e e o

NN O AN O
o lel.olte ke Yo ¥ o]
poed O3 0O O\ o ped o ot

~P =N
PO el md e N O
LI I I I Y

TEFanmen

OO A N
Lol 3l Vs Ko X e ]
DO~ 0oNng
NelNola oo o Vo]
(NI QNINENT NE NI

OO =t 0 (Ot OV
TTOTFOR
WOMNOOMON
DOLO0VO0O0

2 0 0 0 0 e
ooCOoOoCe

aalandnlataal nuls o
AR=OWN=~O 0D
¢ s @ o 9 4 00
et MO O NT
OO NN
PO OQO
T Fnnn

€0 00 €0 00 00 @ O
NN AN

el (N ol el et peed o

S

N0
OO
2 e 8 0
ot g i gl 14

OO
[Tl
* 00
et

Le 7%

OO~
cCaming
ﬁ333a

oo
Nt

j i £ 7 J

-

NN N NN

@RI EN ]
AN O N0 Y
e 6 0000 00
s el g e e g o o3

LeJ7

000N
NP OMAON
O e O 7

£ T

O D OO F =t D
O N (N
QOOOM....O
21233333

N NOE OO0
OINDDNO ]
LM~ 01A ]
O \OMC0 00D ]
NN N NN

0070

DA = N ]
FOEF T OO
M NOMOOINN
0 OO0 000N

o715

M= 00 F i 1
WRRODDOP]
L)

slololalelelal

Ua DD

DO
I\ e P O
® 0 0 9
00 3 LN CO T ¢
OO
[@el 0
na

%)

5

4

2
4512+ 7%

O N NN
AT F

e 374

78




31 CYGNI A

ARCTURUS

LOUG ' wWie.

W

Wie

LUG F

W

LG BEX

—ENERGY LEVELS

LOW
E.P.

-

MULT.

-0
.

Neleol
cofey)
° 0
ot g

N

Folle}

O\ =t
LI

(@le]

O
o

L
N
~—0\
N
Sy

NN
<+

IO et LA LA ot
N\ .

(]
o
.

IMERTNINT

10O DN == O INLN
NN =D O M
N NN N MM

et o e et (N O\J ed 7t

0 OO O N
DO~ n O~
e 0 & & » 0 o 0

0N O N PO
O A FOONN
et O] O\ el N O\ 4

P AN~O O~
Y el 4 SN0 0N ©
ofeto o N @ To e o Lol
vefo Yoo N forto o
NN AN N

e e ) et () ek [N [N
INO O Onn
IO =0 MO N
NONC OO0 0L 0

= O A O (O O et
(200X DVL D
L N RO B D B BN

cococooa

HE O T~
MO OO
8 @ ® 0 0 0 0
O O OO
NC OO
NN PN

OO ONNN
W TN
L e N 8 0
ot ol g g e
O~ O~ IAN
no ~ovoo
NN ool e ed
ST TS NT NETNTN]
I~ ON S = O F O
NI O\ N £ O\ O\ e et

ool e el e gt e g e el ] g g ol ] e gt

MO OO =N
O NO~OO

L0 od LY o g P G
NI ONNDI N
POTOONTOS
SANQVIQNEL SN Jialialial
AARVIaVIQV gV g N EaNT N

MO NN
Funnomooa
OO OO
Yolpddeolvelesfeolee)

Ued
0.730
090
1.0()
"1.04
1.06
106
1.05
1.Ub
1.05
l.04
1.06

O Nl N PO N d
M) et md LD O A OO
0 8 ¢ 0 2 0 o
N OFTono
T NNLC~O
PR LA e~ OO0
KO0 O 0NN

N ot O\ e g e e o

©OONN 0N
MO
2 9 0 0% p 0 0
srd o pod poeed pod poecd g ped

NOFTO=DONO
PO ~=OMNTO®
N O\ O\ s O\ ot O\ ot

0N OMSOC

OO N0 O F 1A 0N 0D COF LA LA O FALA (0 et et 08 N CO
OOV O i = CO = O\ A OV 1 O 3 O OO F (NP 3 00 00 0 et TN et 0N QD 0 e 00 TN o= 4O (N LA F LA P

e ¢ 9 4 & 0 o

SgoeslosoRmls oli g}
K 00 ek OO i O el )
OF M MY
IV KO -
NN NN

NP NN OO
PO T © N
10 O O
0 0O WO WD

100\/)
1.05
1.04

RNINENIGT e o X
L (Y =i 0O I I (A0S
® % 9 * 9 9 00
O 0N I i 1O T
DN o
Sok oRete EoNNTNTN]
[aRfailaliaRraliaRiotlat

NANNO
e N e e e

N OO ONEN DN et (NS

ﬁ14458891
TN NN

et pord gl ] gl oeed ] gl

(OO ot Fr ed O ot () ¢

ot o gl e ot ek ] v

PN £ 00 00 N N N =t NN NN (O N = N N N = N N N NN NN NN N e e e D

1O D et D0 10 O gt P
= O PN eed O ot P
NP OOt N YO
NN AN

NN NN NS~
DOOCIHOMONN-
10~ OO -
10 Q0 €O 05 20 S0 CO wd

i —

00O N

SPDCOOPOOTE

®0 e 2 0 0 0 9
e ol g et s g e

O NDO O
=0 0 L NO
e e ® 9 0 0 9
OO NN S O
N O =010 O LA
MO O O SN
SR R AR RN

Ano~DooN
e e e 00 0 ©
4

ol O] (N oot ot gl gpe e gnd (] o1

OO~ OMIN PN
[Tl ¥V Iaa B L daa B oy

et preed g med ped o] g gl el e

CO U QO et et O ) NI CO P
& DN OO
22n(1114!—31‘:

112111222111T122q

LA C 0O 0N O A OV 10 60 N ) |
OO e F VN et O F e el o

pred e . g g e rd . e (O e e g g 7

DONDOcNNO M
i OM = Ot NN D O
et g ol e

O OM N C OGO O F OO NN O

el A F 1 O DD N A O

L

117

230

&

Le™ %

&
p 5

¢ 0 00 0 0 0|0

O N QO ad o gt O o
DOF T OO
MO RSP ]
NN NN N

EFTFEE

ONMNC OMON
bt e bt
elfaln g el ol g el
el o ek el e e et
o ot ol o e o

1L7i71

NN NS
B N K g g
2 0 00 9 0
e g e e o] e o

Le® D

S FINoCOFInMm
ND e O e e (N PN 1Y
e ¢ 0 00 0 0 0o
OO0 N D N
T OOMINAO
R dialoaantetEaslanlial
L0000V OO0N

N AT
etel=l=T=T=T=F
111,‘1111-

100

79




"(‘.‘u Wit

31 CYGNI A

ARCTURUS

.

LOG F WT.

e

"LOG F WT.

O

ENERGY LEVELS

=

0
"E.P.

- MULT.

o

P~

oC
N

o~
e
e

Refoy
MmN
e i

"alat}
g™

L
(aalaa)

O ot
00
~0
o
NN

oN
o]
oW
v
—

N
&
L
o pd

'y
nMa
e e
g
Ladamnl
nin
nin

00
co
e et

NSO
own
L BN ]

1.48
l.74

~O
NN

166
2
20

281

N OO OO O

N~ OO
=N OO N = O
e 0 e e 0 e e
bl el (e et god (O et

(0 wd 0O OO0 ON et O
O =DM~ N
- - —

oM~ OOMM SN
OVMOONTM
00 0 0 0 0

NN NN N 1O

o, Wololo PRI N}
0 00 00 MM = O
PN~ OT TN
OO =—
N AN AN

DNOMMNSO NN
& A~ A~
OO M0 N~
e R I I e R ]
et med el el e e, e

S gaNEN JFo TEQEN o Vil o}
SIS S i -
00 00 0 0
o ot e ek sk ol ot et

e 0 0 v o 0 00

I an

LD O™~ CO O OO
SY ojo el fate
ek d ok e et et d e

o ([N pd oy
.

© 0O ot ok ot
I DONN
0 0 00
et el s et

ncinmMmo
O ANOD
Rt daalaVioN]

NIt O\ O\ et ol O] et

4 O O (\J 0O O et
=D A N
e 0 0 8 0 0 0 0
poad g pomd md pred md ol ped.

NOM OO -
MNP O™
et gl pd g ] o e

et e N QO =0 O
et e O - OO N
® 0 0 0 & & 0
MmN AN

OO O+ Ot
N DO N O CON
=N O S 0O F
MY AN N M e e e

DNOMNDANNO
N O~ easg
OO OISO
bl e e e o o], g e
R i L e L T

SENA AR Sl ok 4
SRR N
R I )
et ko o e e ok

A ONME ANNINST—NOOO NN C NSNS
Nt~ N ONMIFTNFOITOFIFTIMINDTONTO

e ® s 5 0 0 0

= O MDD OO ~NMONMIC O
~OT NS INMATHDOOMNM OINOI=— O MO a N
NI IITT A~ O~OOCOONDOLOO0LO0I00TF

N S oonmmm

falialiatial il o i o¥Tal

POIODTOO
(0 D C i red o o ed
pot e o o prond o pred

Mo nnn

O O G AT OOy
el pod o e gl prd seeed el ] ] ] el nd g d g o] oo prnd o] ] ] g g

r..l.l.l.l.l.ll. i ol et e ek el gk

= O N S NN
b et b o ek bt d . e e el el e e e

N ON et I O (N et O
[ == 00 O\ TN < 20 0N 1
® 4 0 0 0 0 0 0
D OV = O OO
0 OM-CO M ONE

— IL-I.I NN poed ol L o et
L .
) NP e 8452?
ve] NN PINSE O
L] L B ] [ I N ) e 0 0 0|0
— el ot md el el e g e gl g e
= oM~ HOE O~OOD
+o] OO~ PO OFNOM
N 222 O OO\ o
N O\ O\ et e g e et (NG e (N O et O\ ot st (] O\ O\ et gt gl ped ON\J (N
O ORTPOT~OTANNMOFONON
NI T T T OANNNTTONMTOMNMAN~ANNF T
e & 0 0 0 0% 9 2 (0 0 0 8 0 0 e %00 0N e
red sl v g el et ] e o g g, . e rnd () (O ed o], et g e ol ] g
NS Tt OOt = ONMOF O O el O N F O D
OO TN A DO P ed =N~ ONFTONOMNIN=F N
oot qued d e eed e 11111 el el g o e et
MY L LN 3D 0O o ) ol et QO omed ) e L vt (N O ON QO P et OV
FORNONOMNNCN P NOD0 md O PUVN G i F N0
LA I B L U B I BN BN B B N R BN BN K DN I BN BN I I B )
53333332L/_2333332q3333.5333
OO M A O M A N DO F  FOOPINO T
PO LO LA RS LA IS AP (N © et F U L NP A ot (O LA S 0O N0 O
NOMAC ANDAANTNANOMDIOCOOOINT
52555555.35667711ﬁ(1134555
00 00 1O (700 00 06 00 60 6000 00 0N 60 00 00 C N 00 60 (A 00 00
00 \0 0 10 0 N0 (0 N N O NN O Q0 P =00 0 M= O 00
M= ONONDONCNONDONONNOONNND
Nt OO~ O RN CNO TN O ed (N e oed ot ek (] ed et

AunninDnnimn

40434334f3333387%7777877

N LA I e A A R [ N P N N N €0 00 40 €0 €0 00 90 00 00 0

R e e L

M OPINDO N
HONOET OO

Al aleeloal gl oo Xo]
0\ O M- 00 COCOON

NNO=~CIIONOONP
N
N OO AT TN O
Al N
ek s et e g s e

80




31 CYGNI A

ARCTURUS

. R

WTo

“LOGF

oG F—HT-"

—EOG gEN

ENERGY LEVELS

40W
E.p.

—d

MULT.

e T vl LY
3OO [g¥]se]
~oPMIN L A
e 0|0 # 0 o LI )
Rl e e R R Rt —r
DONOW O
SN NTE BR. Yo
NN | N

el (N et e ol el (N O\ O O

g

00
™~
cnen

o
OoN

CF N OO~
N OF N ™M™
o & o 0 % 0 o 0
e et e ek el el o ot

=0 OMNL
FFONNANIOMOO
e —d = e ol el

P 00 O et 0O L DO
OO PO ~ O M
® 0 e 0 9 0 0 0
M ONMN T A

0 OO WL OO
AONNOOVON
et et ONJ O\ ot (] et N
O NN NN OO
trd ] ored o pamd med e

O PP 00 OM ed N N

2 g

eolecieaioolss @b ln R
e 00 0 0 0 0
proed g poed e et (] rmed g

O rd I D et C o 1
ool AV HaN| o o a Faw 2]
Bi0:38, 950,080 0:0
OO INN it O
PO ~O—~O®
NITITINOT O
SIS IS g N TRV RN

POOmN MM
MO OO OO M-I
et e o et ol i e e

o .

D=t PN OO
NN NSO
® 00 00 9 00
nd ol ek el e e e

= MO NOO N
OO CNOM
fred e gl el (] gt (\] el

IN Pt OO O\ et e O

STaR o oVER STEN Jew)
1Y e ed (N O\ st ) T
o 0 0 ¢ 00 0 o0
ok e ook et ek e o

0 PO OO
DOMNOPIOOC
- i et

N O et e A0 NI
NN~ OMTOM
e @ * ® 9 0 0 0
AN NONA ST
K X fopRNo Kool BN o
O et gt D T pomd L et
MOONT I~
N 0O O O ol el
\a¥aniaalaalan¥ o R X 4

=A== NN
i R | R | p—
OV NONDT
INNQO OGO
b e g i ol g e, e

selNoleoferiooloplcotes]
M OCO~O
R I T |

= = NN N NN

DT oo~
NN 0D et N P 0
e 0 0 0 8 0 9 0
00 ST (O F = (AP 1N
S ONO OO
AN~ NINOC O
gtk STaTTRTTo RN K g o

FA AR 6 PO PO N LA LA
-0 %0 00 0O ¢
L LT g

VAL e el ped 7ol .115 -
N~ ONCD L N D ol N O
OO sl DD N~ NN O
e 0 0 0 0 ol s N L ) .
ok ped pd el | g pded e eed ot gl gl
TN NT T lﬁ N 0o ©
MONON:I ™~ ON ™ | N O~ 38
lew — Nt e o - O\

pred e N o et (] e e o gt o e s ] O pmd (1N ot e g (N e e gl 1

P OO DN ad O\ = A O M PO i N
ot OO A0 et IOV TN e d O 00 VN
0 0 2.2 0 2 0|0 8 0 0 0 0 0 0
el et g ] ) ol g pd (2 5 ped gl g e () poned

9
1
4
4
3
3
9
Le i.D

NN OO A= OO O A et LA

O M- O N
MOV OMMNDOTF I 0VNOTNNNOFMOONT O
i o el e et

pod ey

FO F O " (NI el 10 0O PO R0 et €0 ot GO N0 MO SF (N LONO
OO ONNE=HINN~SNNOONMNDOOPOOND
@ 6 0 2.0 9 9 %02 0 0 0 90 P 00 0 0.0 0 0 0 e
MM AAAMAOMNMO MM OO OO N

OO N AL NN e DD C OO N0 NS ¢

D
OO AT OOND OOV LN
et d T DD =4 O 00 LT N ed (I N O 0 e red = 1D
NN et (AP PP P CO 0 OO i TN C OO DD
SRS S aTaa¥aata ol ca¥ante Ve aTag B o BN o G¥ o o¥oo T ol ¥ Voot B
NN~ T FTOODOT OO OC NN od P 00 e () o ek [T
i A SV i s S GVE L o o N No N o Haa¥o SR e JEK X o ]
NOANO DM ANUN F DN O ed O DD et O ek e ek pod od )
P N N D IS I I e e e I P S N 00 00 40 €0 60 €0 60 €0 OC C0 G0
red gt poed ped e e e pd ] el g ] G g ] ped ek rmd e o pd e pnd pd

Aalan T bo N PaRFaRN N of S P B St o SR, oo o
o e e | i s ped ] el ] e rnd ) gt i f (N
® 2 0 5 2 % 2 0|0 8 0 20 8 8
NOVONN AN NN NN NN N

2
2
2
Z
2
2
2
223

(0~ PO N T O 0 et T O N
N M= = PO A = LA DN e el F SO
e 0 % A 8 * H 09 P 0 a0 e s 0
NN NN =" Te=NO N
HOOMT CONF TS OO
COCOT~OCODTOMNMSMO—
Sa R alaa b oliaTiati g S L S S S SN K N3

3
6
]
7
5
5
4
434G6. 1L

DOV DRPPCOOANNF OO
0 CLORCIODOOODC mN
j1111112d222?222

81




31 CYGNI A

ARCTURUS

LUG F NWl.

W

~TOGFWT:

W

LOG gfA

LOW
E.P.

-~

|| 1 mm—

o
S o

NN

NN

N
— N
LI
— R
o
[@feo]
N

et el e e el g e

NP ONCON
10 N NF eV NN -
0 0 00 00
pd e gt sl e ek ol

aalaal s a kN Vo)
AN OO M
I\ et el #ed i et

= O\ O O] et et ek N

N 00 F OO
M NOC MO
® 0 00 0 0 00
bt el gk 0t £ O C rosd

O ONMNOO O
mieloaliokalialoals ]
- H

LN NO N PO - GO O
DN N

RONOMO O
OO 00N oI
aalaalantoafantantoalen!

O I AN
PO OO N CO =
NO AN o
PO 00 20 oC 0 CO o0 €0
b v ed e ot

NO=C NN ™
AN Ne N
R R I I )
NN NN

S e gl d g Wealoo X ol
eI TS
I I I I}
NFANIACM o O
N'OMN O — NO
NOD OOM-N=PN-C
NN g

PO
NS O
NN NN N

e e et () e g LS
. -

~NOOOONO
TOANTSN
o % 00 0 00
et el el et poed e ek

oONOCoOo ™
Nolaaloal o1 aleele)]
e g ped wed (]

et e O\ e 4 O\ O N

O OVOMn T
=N OO O
0 0 0.0 0 0 0
ot et gt e (O poed et O

0 NN N O

o
100 OO0 0 MmN
L -

OMNONNS MO
COrRNOON~

0OV O
NN OM
I 00 0N 0O 0 MO 00

t0 & 6N \0 0 \D D 0
NN DN OO
DU O et RSN
PO OO~
=4 oed e O] = O\ O\ O\

N ONONCO O I
MRS laa BN gV a R a o}
8 s 0 0 0 00

NN NN

Ned O CFOND
NMNONAOE S
® 8 8 0 0 0 00
Yol prteolooks s ol@T o)
MO MO
N O O~
NN InInn O

DN -0
el el eliefRe ook ofe )
NN N

~n
O\ -t
L B

~ou
o®

bt O\ O\ et et

DA O
DTN~
00 00

=OCOC

= U\ LOY et LY
‘alaaih ol n)

DO wet OO O
(O O™ LA
L B B e

NN T OOMATTOMME S

D> OO T ONNTPINOCOC -~M AN
ODNCOIN~N~0NMANIMONORODLNCT

NTOC —~
el s pmmd < OO
N

O e L\ el 3
N0 O e O
~O g NN
=N OO O
NN OO

sokanl N oV o}
MO O
LI I Y

ANOJ oM e

=1 00D LA
PIrCNM
9 0 0 0
NN T O
NN O Lo
O M~

Frocoo
opleJel ol o]
NN A M

1 L L ——

Ti

L wd

LOG F NWT.

W

LOG F MWT.

ENERGY LEVELS LOG gfa W

0
E«Ps

MULT.

vt L\ ool pomed g somed

OGO O =0\
OO
e 9 00 0 0
o ] goed g g (N i

~ NN O
O T ANNONY
NN NS ¢

O\ OO 00 ot oed (N NO Y
PN O IO
® ® s 0 0 0000
ot e o o ek e e

F O it
A ~ O
O\ ot g soef e (N O\

AT N0 O(
it ON OO

e & 0 00 0 00

N
.
2221132%

PP 030 F e o

POoOCTNN~COf

NI~ A
o e el g e peed e 4

frammanmmd

OTOFT0ODY
ol F e o e el O ]
P N I P g et O
VOO0 ]

LW M
DT OO red el v 4
L I B BN B B
et e g e e e, gt 4

CINMT O
COF OO\ Y
* 5 0 0 00 0
OAOMF N CO i
TN T OO
S i e alanIFaRK SVl
NP A T

OPNOOC rmirig
P e e OV O 0O PO POV 6

Le0D

£ IU

L

Le®1

| B

o B 2 B 9

LelZ [oR A Ko

G444.506

2L

82




31 CYGNI A

ARCTURUS

W..

LO

LOG F WT.

W

WT.

LOG F

ENERGY LEVELS  LOG gfA W

€E.Po.

MULT.

el et et U
> .
NI 0O AN
MO0 Y oW
s a4 o e 0w
e geed ll e o v
NSO OO ~NO
nANO ~n 220OY
NN N NN~
N OO et et e O ot et e
MO F OO 00 F M H
AT F OO0 TN
e 4 0 0 0 08 0 o0 4
e e el s e e e e e el
MO NMNO NN ON
Ve FLa TaNT VB L TP YN
el e e g (] O\] e ed e
OIS A M O
PR BT T fo N TE NS
o 0 e o e 0 00 4
e O\ O\ ot 0O O\ et (N e ef
~OINNANO O OMO Y
nman AN O NN
MORSSADSNAS 200
O] et O\ O\ e = OO O
alaa FaYaatoataafaatoatoatey
NolVs IX aNo INo P o BT T PP
(o p¥e) Nolo d lVe Lo YN Ty
MO DOOM
rOIPOOOOO OO
H —

MO O NSO S
ol e el ek N O NN N O
.‘.....0.;
e e e e e el ] s e o
O NONM 000~ M
DVNITEAIINIOOMN
e 4 8 0 9 0 0 0 0 0
ONIOMM MG 3
M~ O NMO O O
T IF AN NN
S 5 K g K K g N
OQO~COC~OO
THIFF AN NNO0g

ol e gl

ne
[<alny
(I

5

1

5
87

[0
i rend
N

5
7
3
— e

=t O\ O\ ek O\ O] e ed

oo~ g
N NN J O 1N
0 0 5 0 0 0 0
el ol o e, o] o g gt

~Oonown
O ONF
o g g (\] poed

MO NN
~onunints~ Mo
e 0 ¢ s o 0 o ¢
et (\] e med O O\ 1) O]

N 0N M et O N U
OO
NN CO~Ng
OO O e ol 3 O
MM AN N T

MO~ O
AR AN LN
VOO~ OON
O ;ANNNN
- | ol gred e oot

NF IO 7Y
NANNNNNNT
Tt 8 0 " 9 01
ol et ot e s e 2o ]

Lok Rland 8 Lo Kol oo
aaleolonliafookTolodeg
® 0 0o 9 0 0 0 4
D NON OO~
OO NN
nMmMmEaang
T FIINN T

O el ed N O (NI
Felolelie Vol lealeo

el et et (N

Q0 M 0 Y
S aaaduakes)
LI I |
o e ek e

L44
104
96

QO et I N
CO L w=t LY
L |
NN

Cadaiiaal’s)
no~
FNDL
~oo o
Attt

nnngo
NN e
000N
0000
et gt el

VL -Oon
QD0CQ
L I B
NNAN

L) oy
Eaksalzeles]
.. .¥Y "W
Nt OO
OoNWN—~
O em
S 2 bt g

N
eplepie Jop)

13 CYXGNL A

ARCTURUS

=l

WT.

LOG F

W

LOG F WT.

W

LoG gfa

ENERGY LEVELS

0
E.P.

—d

MULT.

-

ot

0.80

@)

110
392
420
341
345
347
332
331
361

(ol ol o L ood o] pod feed
-

O ININO
(eallepleeloaleolso]
e e e 00
rod g ged gt poed o

1.84
1.90

et el ONLONEON O O] et et

OO 00
0NN DN O
LRI )

o el e g o g e e

1.63

B O et O ON et LAY IO
MM RO U F
IO\ el O\ e et et O\t

OO N O el O 0N

OO 0 i 0O M= OO

(=)

18302

0.07 253

5632.46

1

® 000 0 0 0 00
N OO O\ oed gt et IO

00 €O Q0 D M) 0O Q0 3 [mmd
MO ONICO O M (N 0D =ity
D0 OVL OO M-
~OOO~OONIN
NN NN

OO MNOM
Ualaviasl
Ealaalo)

M~ N N~
ololeleiolalelo
e 0 05 0 L]

(oloTote

000

0.04

D 00 N3 00 N N 00
O O N
LI I I
et LN N ek P o O\ |
O M O AN N O
CO 00 COCO O O CC LN
S i g o S N g o

4586.36

alaalanton aalas Taaltiytty

83




R, B | T

31 CYGNI A

%

e e

ARCTURUS

5

L0G gfA

 ENERGY LEVELS

.P.
0.02

~LOW
Oa0

CMULT.

e

P~
oy
o dq
i

=okag
00
ey

NG
O

ONON

213964
21841

(0]

137

™
T -

L
(@l
CC ™

Ealg B ale el Lapton ToVIaVEaNEoNIaNIaN FoNTNERTN
R B i i s S oS Ve o JNa e B0 Vo RV oo Wy

THIIT T NN T

sl
.

P~y
O N
o9

oy
o
ey

ON O et omd O] oemd O\ =4

Ipdoaleolag (s el JNWo Foo
AT O O
LI I I R
et el e ok ] e ]

PAOMT D=
i ONNN
e e o e e e o, poed

O Q0 el €0 O\ med LY Y
~OMSETOD0Y
¢ o0 4 o a0 o
O\ =l NN O i O

— e OO D O O
NN = 0T OO
—~ DN DN O
Nl i (MY N OO
OOV OO ON O\ e

AN O ML
N AN
NN il 00 i Y]

i o

M~ g
SODQCTOM
0 8 8 0 o o ¢

ococaoccdy

O NNO T
B 00 O 0 MY
% 0o a0 0 o
ncoNnNooo™
OO NN OIN T

—

O wod red O\ o et

MO
NN onmn
© o 0 0 00
el e e ot s il

1.69

SOMIPO®
QQ ==t ON QO =i 0N
aNaANN N

305

NN NN = O

CoOF~ONNM
S aNaa TaNIQVER K o
e 0 0 & 0 0 0 o
et e e e o o o, e

OO O N
NP~ OO

O OO N -t
NOVOOOIY
s 0 0 0 0 0 0 o

ON = O OO el O O\

NONCO0 TN
QOO
SO ol 0O d et D S
00 CO At C0 00 0 oY
e el et e e e, g e

~ON—=—OM~C
-t O\ OV LA =l O\
(alaVES glan KNP Tag Yo
ANONAN N NN OO

OO NN N
NN NN AN
« o 9 a0 0 0 o

elolelelalelole

NOMMN OO N
O 20 =4O i 01
0 0 4 o 0 04
~ OONINTC g
N OO~

e et ] e e e

— ek et O] et O\ O\ O] 7t ot g U\ et g et U0 od VLY gt i LY
. . o o .
g MMSNOMNNSDOTONOTNIOOMNOS N
(Fa] LN TNGT OO ONDONNOND O
L] ® 0 8 0 0 & 2 0 0 0 0 0 00 0 0 00 e o @
— e el g g e e g o, grd e e e g el (] e gt el (N el
0" DOOMINCFANT OO N~ONDMAN AN
-t OO CAONANDIITTRINNOOCO OaIN
N NN N =~ Ot F O N NNINOFTET®N TN
221222122222112272211111
N OO N O |0 ONEO 88 1N 60 0O LA F =t et 0N O O O
PO TN OO O\ ot O O LN N O LD M LA LA N A N A O MO
0 9 & 0 9 0 00 2 2 P 0P R e e
TPt~ F OO O~ O OO O N MU e DD =4
OFFrdANTIS =P i O CNN TN O O
e et e et | O\ e O\ e e e et (N O] (N el e (] O
OO OCTODROMAO~NNCTOMANIMNTIOND
PO~OOMNNDND MO NE O = O = N F NN
0 0 8 & 0 0 8 0 N Qe e e o
et (] et od peved g el | st ) 00 N O NSO O[O N OO (O 0O 2O
O QNG T NN TS OV D 20 D 0[O F MYNO NP O
OO N M LA N IR S A 2 O AR LA TN OV PO =t ON ON N
O NN N et Yfoed DO OO0 N DO~ O
€0 20 MK 0 €0 M|A0 s F F F F F i LN F LN T P
et et e et e o i e O\ O\ NN OV N NN O NN N N OGN
NN O N~ D MIANO N~ —~O (M O ML O ML~ S
o O\ OV O el O\ LS O N O et O\ LN O\ L ot N O\ e O ol NSO
IO 0 O el TN T 0O O d O] ot o O\ et ot 3 00 (N
LAV RN T SV N TNT N E VTN (OVT N TN Fa (VT NT N TN N TN aNT N TN T NT N TN N
OONOOSNONOCOMNSANOONSNIOORND
ONAN N AN O O YN 8 A OGN O AN N R A A A A AN
& 0 4 2 9 8 2 N PS NS Y R NY 8N
OOOQVCCODTOIODOOVIDODOODOOD
=AM O O MO AIN D O F 0 i F A SO F OO
CO rt MU AN e DM YN0 OO D Nt NN O N O O N
...l...!l..ﬂ....t‘.l..‘.‘
NOOMAOITNTOOCTON =T DR[O DNO OO
TN DO F L0 O MAF =AM OO0 OIN
AN =S NN N OUININ T S S S N
COOVIOV IO OOFTHI T IS T T T
OO SOCE 001111111122122222
U AN AU U O OO NN IO NN N O NN




31 CYGNI A

ARCTURUS
i

LOG F WT.

W

o

W

U6 gk

ENERGY LEVELS

MULT.

A
nan

) e

[se P28
olee
* 9
NN

o\l
Nen
g
N
N

-G
4O\
NN
NN

Vo
0N

L)
et et el

—OonN |
NDOO
OO pd e

et et ot (N O\ e i e

Nole RoTo TR YC TN
O MO O~
® 0 0 8 ¢ 0 0 0
o ereod g ol pend o] e 2eed

OO MM NN
COTOI NN~
N et OO

oWnoc AN NN
OO MAR ML
o o 0 0 0 0 0 o
O\ el = O\] 0O 00 00} £

PN D QO M
V= NNT OO
B N = SO A F N
O 000G
ANANNNNNN N

MMMN A~ OO ™M
UM LA O ot = N O\ Y
— e F OO O O\~
ANONNNN NN N

SO MOC NN
NN NN NN
0 0 0 0 0 o o

oCcCoOQCTCOdg

N N ed 3 0 N N N
FOMNQ e~ O
e« % o 9 * o o ¢
DN N DM
et TN et OO0 ped el O\ O
I OO ] ot pod el e
T F T

OO e N
NN N OO

1.50

190

NN OO = O\ e

MO AN O
IO N
*® 0 % & 0 0 0 0
e e R

AN ONN
NPA OO~
el ek e ek et ed

AN O N
0 0 0 0 0 4o

UNAD et LY o e ([ ool
T O N e N ) i N
DO et TN Pt NN
OO TN T
NN NN AR

OMONOTOM
LA et P e e
N0 LN K
O\ 00 €0 00 65 00 0

Aot DN O

a0 85 0 0 e 0
2 Ot o g e e e

O MO NS N
O~ NOMM 3O
" e 0 a9 0 0 4
DO U O el f
OO =M N0
D o O e et T O o
O O000O0Y

il N A
NN AN O

NN TOOC O

v g g LN O\ o et e
-

Ladad'alsets Lo leellyl
Solp i eliaUalialiatle)
s 0 0 5 0 0 0 0
el o] e e e el g e

RN OO0
O N = O 00 =i\
NEANN N~ N A

[N NEST N T NT NI NP

OO OV
Sl gaalaN (aVipEagtag
S 0 0 5 0 0 0 9
e ok e e ok ek o d

OO O N

o ged g ] e o e

O F A O\t =0
NONON™~O0N
® 9 0 8 2 0 0 0
MmN NN

NN O =N
(e el N Eawfoa BN N
v ek (O e O T N
OO 0C O N0
NN NN

VPR OO OVON
ot PN N N N e PN
L o IS d a Vol of V)
[oofsoflv ofes {eafleole o¥ve

1408
1.06
1205
1.08
1.06
L3059
1.08
1.06

AN O O N
DNNF D DD N
e ¢ o s & 0 9 9
P~ 00N~ = O
AN N A= o
[ N ST
D ANNN AN

NNy 0\
halaabaalaslaalantanfen

.

NellatTakh St Stalh log]
0 0 a0 000
d et e pmnd pd. ] o], g

OO FO~O0
MO O
O\ Pl ed ] g e gl gond

VNATOOMND
) et e e et ek D O
CRC IR A S B
ol ek el ik ) e ek sd

DO PN~
3 N0 D -0
DI B I N
MmN NN

SO O
0 0N F 00T
IO ek OO O el F O\
el eRVolte Vs INolNo}No)
NN NN

e S gl o RN SVa R o
Q0 00 00 O €O O 70 O

NN e O et O
VRO F =D
o 2 8% 0 0 0 0
(i g aleo L Vo RN K 4
NANIINT OO
DO LOO0 LN O
O AN N LN

I s L S
NN A A N o ey

o el et el gt (N ot

NVODON=~D
el e alaatanloale]
e 0 0 0 0 9 0
o g (O el g o O

~ONNQ MK
NOOMNMIN
el g o

2212212271111121

(a¥o oS lo YNl o] o}
N OOV ooonN
e o0 w0 000
e COOmOO

O O 00 Q0w 0O AN
N CO NN OO N
-

NOAOOOOONT
QO Pt O T LN (O
o 0 0 & 0 0 0 0
AN~ NN

ON el L1 ok i ol L\ O
0O 0 ek P I O e €
ON oot TN N N ped TN
(QVETARR K 25 1IN fVo)
(VTN NTNT NI NIV

DI AN
(TN Ea I oY RN
DD OND O D
CIIOORD

O =4 NCONON 00 =4
(O O\ et gk el gt gued (N
% 0 & 0 0 0
oot e ood eond o g gt eed

O N el CON I
OO O it
® * 0 & 0 8 e 9
LN = AN O O
POFOONOO
O NN OFIND
10000000

v OO 00 €0 00 O O O
TEES

e

1.46

K
aa]
L

7

4932.03 kol 9825 30095

50

85




31 CYGNI A

ARCTURUS

WT.

LOG F

W

LOG F WT.

W

LOG gfa

ENERGY LEVELS

L T e—
E.P.

MULT.

ng
5
.
= =y

NG
[aales

ot ef

Ll

"
LN

oM

=t 3

e

P~

4880.56
6326.84

eI NN

50
84

ok wed e e = L LY
i .

aNNOoONnon o
NOO N~ O
00 0 00 q
od o O v o ped

NOOoOoNN ™M
ot~ O
~— NN~ N

ot e e e g e (N

£ 00 0 DU LN\ P oy
PE T FNO MM
o0 0 a8 00 0 4
C OO e ot o i e

FTOONNOO O~
L\ v et O\ U L O
o L B R

NolaTo Xo [TaPRINGY
QO MN O NN
® & 0 @ & 0 0 0

AN T AT

O N g
3= O N g
N~ 00N AIMA
OOCOMMSN~T
e laa laalaataataates

—~OON—~OOg
Ot e OO i T v
COCQCOOM
QRN K ST ITQ RN N X,
e e e e e R

[T aRTaRN Vo INa RN JELRN
[cel-slveloslvoleolealve
® % 0 8 ¢ 0 0 0
o g o el i e, et oo

OO =00 g
SFOQAMO M
.Q...Q.;
OISO O
AT NNO O

O C O

A0 X
QW00 W c ]

nunn ~—

OOM |
~oN
LI
]

1.45

N
i alaal
AN e

130

Pl o el e pd g ped (N

DN O TN
NN O P L ot el
0 0 5 0 0 0 0
P O ed O O et e i

NN 00 20 N O LY
AN O\t N0 N0
i —

O N0 =L e
O NN ok et T CO N
L B I I B

S

00 et N LAY QO F" e L
faaloaiNeTo0 [o X L W
DL MNL OO
SN~ OM NN
i alia laataateaton

OO N 0 TN
OO oNANMAY
DNV OIS i N
FalVaRia W o il o Rl Ve
et e o d e ek ol

NN O NN
Solo e kes oo W &
'EEEEEEREE
el e e g, e el N N}

O N O\ oyt god ) e
WOF NI AN™= 1N
e ¢ o @ 0 0 3 o
NNGT OO~ Y
M AIFNOO
O\~ AN oM
AN

NSO N
OISO D mird
el et ot e

et ol pred ged e

DOO~D
FOF
e e 0 * 0
e o gt el e

NNO O
NSO
ot o

o] reed g g g pomed g e

NN NN
CTON~=C OO
e 0 00 00 0 e

et QO rdrd et O C

OMOMONO D
AN~ OO N

nOMmA~IN0O N
MANOF OO
L I B
AN M

L) O 0O ok ol QO L 74
- aNOMNINN- O
O X0 D=t
e e s Ll o S o)
NN F MO AN 0

AT~ N NI
MO 0 M O NN
OO~ NO—
OO OO
R R R R R R

OO~ MM
L I A
NOANNNNN NN

ool aNIaa Ko Lo gl o NIV ol oy
il o Woks ol Jo oo
e 0 0 @ 0 o 0 o
COVCoO~O
T FINAN OO
I e e O e e L N
AN

0O 00 £ et 40 00 ON ed
=t el el O] O\ NI O\ 1Y
el o] v e o el e

1.04
0.79

63
36

(et g peed gt

(VIS JoTg}
OO N
(I
ccco

O en
ON O ot

oMo
\O F 0N =t
L B I

3344_

O ol = N
altelal s
O -
NeRtofoNIoN|
[Tl X0

0 O N
M~ O N
OO~
NG
ot el O\ N

Noliolely |
L
O ON MY oy

T - O\ 2
W OMIN
e 00
N O~
O MO
N0 00
NN N

AN
alaa BN X o
o el e e

31 CYGNI A

ARCTURUS

1=l

W LOG F WT.

176
188

LOG F  WT.

W

LOG gf)

ENERGY LEVELS

OwW
E.Pe.

=

MULT.

1l.64
I.67

1.35
1.33

89

2.19
2432

11908 36674
36489

1.47
1.42

4036.78
4002.94

9
3

85

11515

86




31 CYGNI A

ARCTURUS

- -

LOG F NWT.

W

LOG F WT.

W

LOG gf)

ENERGY LEVELS

MULT.

et et (N L ed
t .

~O NN ON
PO F N O 0O
e 0 0 0 0 0 0o
OOV O\ e e el et

ONM-NNOOE

(ool pdloato B ploaloa I
=t O LN ot =l O Y €
NN~

el e sl (] et (\J o

CONNC OO0
MmN MmN
e 0 0 0 8 0 0
OOV O\ i o, o g

NN O NI
N NO N iP
OOt e

e ® & 00 0 0 0
i et gd e gl pod d ek

OM AN ONG
N\ (OO €O et 1Y
bt et (] e st (] o ek

OO NI O ONIA OF OO
NOAIO N D 0 0™ A OM=

* 0 % 0 0 00

@ 2 0 0. 0 0 0 0
oo . g s, g e o 1

DN N PO i N 3
(2 80 M= N O 3 ¢
e el L e L T e

9 o 0 0 * 2 0

N e O\l O 1515515L

H . . . - .
oWy O TP OO O O]
~0 © @O®©1O TOMNOONDY
L .MOQOO "0 & 9 5 a0
e gl pud ol g g o el o] v i () e e 3
D= © oounin VOV O NG
N O N~00P O NON OO
N & NN M N NS F A
NI O O O N ot O] N N N N N O et et O] e (N e e et NI
H NN O AN C OO N F O O N LA O AN
1 OINNDO F NI DN F NN LA 30 0 0 00 O F 1

0 0000 00
o e gl e sl e o e 4

M 3 med LV ) N el LY ]
N ONON O™ 00 =t €O NI
b et e v g (N} et

.00 €0 O o =t 20+t N0 00 P o e LA
4 COP= O O F N MO 0 1A = LA O

3331111122222121322222223322221

PO CNOTE N ND NP GO NS U et LN L d LY 4
PXOOXONNRLITROROVOSNNDNDOND
NN AT NN COMMNAN 0D NS INVAT N
Al lnloaled it ot el o RNoRVoRNe Bo R o¥ Sde N oo ¥ o plio Fo ¥ e
NN A ONIN AN IO OO NN N OV O N O 0 ¢

oCco

T
SOOI DD
. .

o

M OO R A P ot
w¥oale oNTe N NT NP
NnnoOToo~
e N CO M O I

i+ OOOON0

DO CO LY LN N ped vl o
DO MO O\t
il le@ls Xeofes]
PO CO COMN CC M= - ]

M O® S OO0
DODONROD PN

. L R R S I )
CLO~TSmOCOME=mOmTCO

SN O P
NSO 00 00

alelelslelals]
NS AN enen

ot LY = et e L e P
O ON N N O O]
~OOOMNO DM
e CO = e OO I P

ICCOLO0O 00
POITIOOD
R R R A )
=) =

~OTO~OO

ONCONOMODNMNINO NIRRT GO Pl LN PN IA LN
MO D IN PO L OSSN et el (U et ed Y MN G OA RO N

LR I B R R A

DO~ NN NN O DOM MO N~ OO M O Ot el 0O

NR-COMA N
NN O O™

T O NS TN inmn

el el e A0 Q0 OO M [ 00 CO O QOO

() o gt o e g g e
et gl ] ol e el e PN O OO NN NI

TP TOCTIEIEN TV C NPT MmO -
DO NAONO N 000 OO0 NN DN
ol K N S - - ot o

SR S R

O NN NN
NN NN NN

" et 0D e O N P

it [ e L B
N no ™
2 nS M~
L] e 0 L]
pd g o
5] WNed O
0 nen -
et el (N}

71111212

N OM-M0

0 0 00 0 0
=t o e e ] g gl g

N NN 0O

N A AN
nAannnInNGD
LR R R I I )

NN AN NN N

NDOP~ NN

N OO T

e ¢ 0 00 0 0

O et ON et N D el 0

(ool oNES Koo Yo\ Tl

Ll EalTa R ot Ta o be e

L

- N NN
(aalsaloaloalsalaalanl

N = NN NS

0 6N OND GO0 O i

87




31 CYGNI A

ARCTURUS

LOG F WT.

W
158

[O0G FWTs

W

Bt
E.Pe.

-

(1] pra—

1.49

NO
~3
v

(opl"a}
N
O\~
v )
L g

N
0w
feoloo]
i el
o

oD
NN

LI
NN

~O
Vo
L
K
Sglley
i O
nS

51T55 —— n
. . 0 .
&N~ ne ™
OO N [aalen 0
e e 0 00 L] .
e T | - i
MO0 (o o] 0
VT [Takee) awn o
1111T.\....I.1 o g g gl o ool (] gl
Y 4 0 N OO = O AN A OO O (1
C OO~ CIHRNDITOTND
® & 0 0 9 0 % 0|0 0 9 0% 0 0 0
e g o] e el gl (5 et (2 et O O (D e oed ©
CCBNINOTODON O -
N O~ OM F O™ I et T N ed
e et [ o e
b0 NN C 0O O C0 40 F NI P LA
= N O N F O (N 0O et O PONC ed pd
® & 0 0 & 2 9 0|0 % 0 0 0 0 0
OO MANMMAMNEAAN AT T 0
INOAFTINOT T PN NN T O
Nt NN T AN DDONNS
=P NN AT N A O N N AN
PN N A O A = O LA O LA
SN S g RN N g X K g X o o K K
N~ OO VN O {00 N O &0
%9190905 NN oOoOrMmm
onIMIMOPDONMMTOO
o aadaalsataaloa S S SX JC SN SC X JT)
NONNNNNNNNNNNNNNN
ONOOWCDOMNSNC OO
NPT OPNIOOLO0O0
5 2 0. 0 4 0 0|* D 0 0 00 0
NANANNNNNN RN AN
FD N AT NN NONO~O O
LON I e \OM DO N D00 MO 0D
® 6 2 6. 2 2 8 2|0 0 0 9 00 0 0
DNOINPOMIIN OANCOMNOO
O OO O O\ o O N F oo poed 1oed 0 P 00
MO DD NN F OO0
NI TAONOT RTINS Gt
PNt e=d F N OO
CYeloeto o ¥e Yo NG N

P pp—

O ot i
O Oon
e e a
P

& O
(@fe ]
NN

et (] el oo gt ONJ O\ 7o o

NO 0O N0 N
MAN =~ N
e 00 00 0 00
et ol kel e o e ek

N DD DO
N—~OVOOO
0 0 0 0 0 00

N O T

46058
46000
45966
46058
47055
45354
45358
46959

(200 o0 00 00 rmd et N
TRV S S v aliall o)
NN AN

ol e e e ]
(050 OO el e =i
e a0 % 0 ¢ 8
alaalealaalaakoataates

ot L\ e NS et () PO
d FON- N O T
® % 0 % 2 0 0

OO e~ O

N F OO O OO 00 F A LA LA LA D A0 A8 O 1O 100 60 A o e i
PO it NI F I+ F A D ODILDDOD PO
el g e el ] ] o o e g g e ek g g o el g} ped e el TN\ O\

NN =AM el OO 0D~ O
e B P P LA N NN = OO P NN N
SRR N i i S s i o Ta ko)

0 0 0 0
e sk e s et o

"ahaleledel
NV ONNO(
e e g

ped o 1t O\ el g et O\ o

e LA 00 O o I
NANN— D OM O
® 0 0 0 00 00
pred v g et () gt (O el

I 0 NN 2O el
OO OOy

AOXOFT~Of
M ONONN N O i
o e e 0 0 00

Saalaataaloa B alaa B o)

MY AL ot ON N Y- |
1O S0 ONIO S M 3 0N
RN O MO C
1000 O OOy

N O OMO O M AN
1000 NN O ¢
N O M NN N (]
alialtalNal gt et
N O OO O NN O]

NN C e N LD CCH
et st ot 3 0O 0O OO A £
8% 0 00 00
laalaslasfanloatoalsall

S Lalalalallete)
DN D ed O F O
e 9 2 ° 2 ® 9

PO A0 M N N NIM N

11555__T111.
i . . o |

NVOMOOM=NINO =
N O 00 OO o F ol o
L]
.

1§
1

U
pd g g, e

1=%9

N OO0
NP0 0
pd el L

>
LD

LIIITZZI.FI

OO0 O AN D~
I OGN0 O M= €0 00 At
® 0 0 5.0 8 ¢ 0|0

HOOOCOOO~O

DO O = O F O
0 (N O\ 00 00 0 U ot

NO TN 0N O INN
M0 0NN O F DO ON
e 9o 0000 0000
AN TS

NSO NS
NN Q0 MNP0 N
NEAR 00N 0N
eliglelal ol ol olo L ofeo]

PR RO e e e

DM~OC OO O NI O
D O™ NN N (N 0O = et
1 L\ 00 M= 20 = 20 ) CO
e e e e P e e CC o 2
NIV TN NI NT NN NT, LT

== AN NN~
A TN O
e 9 0 08 0 0 0|00
AMAMMamMmAaNn G

N — NGO CO " O - ©
OO OGO O
® 2 0 00 0 0 0|0
00 NN (NGO O M- o o
[0 O\ = 00 st et 3 O (OO
/_6223337AU6
AN NN N § O

00 LA LO O LN =1 G0 O
DO NNNNANM OO
NN NN NN NN




WT.

31 CYGNI A
LOG F
1.46

31 CYGNI A
LOG F WT.

W
140
—

WTe.
AT —

ARCTURUS
LOG F

ARCTURUS
LOG F

W
g

Mn I

Crli
LOG gf)

LOG gfX

ENERGY LEVELS
ENERGY LEVELS

oPe

MULT.
MU TS

el et e

bed et e
NO NOmdmd
N M~OOVC
" e 0 ‘e 0 e 0

NN el el O

INON O~
OWBNM el Nl

NOO &N

e i

proed o] o] g g e ged (]

AR OO NM T

pd med O LA F YOO
0 0 00 0 9
/_22141111

A\ ON OO I

PO O 0O i O
LN LV NI e e e (N (N e O] e od O\ O\ ol

MMM NC O
= NP LA 0O e LN
0 0 00 0 00

NCOLOOVCCT
Do~

FEON NN O~ O

b AL AR AU 2L b
NN NS

wleTolN ook o] ST
0010 O NN
NINNOC
o S -
P e e ek e

OO
= O O v e ek poed et
2 % 8 0 o 0
COONNNNN

O ON OO0 W0
MO Mo m
® 0 4 0 0 9 00
N F OO ND
MO O DO
CoOoOTInNnno
N rninaung

NN ST TN

et " o
- M~ 3O
oo - M~Y0
. Ty . oo
— Lal et e
oo ' 2] ol'e]
al=] L -
[aalsa] - Nt

et ek et O\ O] et O\

QO =00 O Ot
=010 0001
S0 0000
ot oo el o e ek o

NN O™ NG

ped ot ed () O\ ot o O\J

) 8

NONOONOON
NN A O M 20 3 1
0 s 0.0 0 0 0
e e ped s, e e 2 e o

10U

0197F936A

U

D OO OO O NGO U L et =t S N N

e o e ot

10 et LV O30 0O OV e
DM OMDOND

MR RAGAAG
DN et T e D F 3
HON~=NNO OO
&

NN OO O LA D
D MININ OO MO
NOO ¢ INM N
e e s e e 0O CO GO
et rond d pond ok ] peed

D0 NS = VN
fred el e o e 0 N O]
LI I R B O )
NN NN

DD O NN
AN =~ AFD
o 0 % 2.0 ¢ 0
NOW DN MMS
A~ i 00 UL
HOC OO @~~~
R R R R s

AN AN OO0
L e gl

i 0 e 0 00000000
52222224 MO MMMAANT TN

1N OO AT ek el et

N QO 0N A el N0 O\ N

N~ =N N
0 0 00

OMON OO
PO~ ON
0 0 00 0 ¢ 00
OO et O et ot
$ 000NN
M~ I~P=P= O
S

L'

el g g e pred et () €
NONNONN N NG

&&

89




L] L ] i
= N =N I b VU LN e et ged gt gd g U ] g L €] o ged e e
w . - @ ole .." e|e o . .
< < A
- WL B O~ NMNOOYW U OO =ONTHONOTRNO O
= O rfo ~noning = DLONded O N O O OO D
U 5 (] 0 e 0 0 0 o0 5 ¢ 9|0 0 9 0 0 0 0 0|0 00 00 0 0]e
S (D e feden ol ol g g e fef Dm O et el v g O\ N et o ON] N O] O O] s et g et (N
Q- O !
s ——
(2} OV NO FFCO~D M CNOCOCOMONNOOINT~OCC
= O 0~ oNNTFATIN T OMeitND 0920.14647473AW
- N N OO = O 00 M F 0PN O N T
i J L ]
m et et e (N O\ et N ONJ (N O o et vt d - 1?22212211112211211
; = i
2 W A0V ONMOOO D UL OO OoONOEMNOMMAINDINDY
[+ 4 FOMNMOMANMNFNNR~—O | 65657765988875556%6
- 3 ® 0(0 0 0 0. % 0 0 00 0 0 e il D 9|0 o ¢ 0. 0 0 0 00 0 0 0in 0 0 00 0
b (D el e el s g gl goeed o] g g g (O g goed - O l.llllllll.llll‘llll.rl
D A i
- 3
O =M P O U = NF O O MO~ ONDOONMON VOO N
= ~OPOOOTIFNOIONn T MODIOONOONMONNITNITOPD®
e pd g — OO OO 0N O oot 016 00 00 00 O\ ol e poef (O (1) el
< ~<
Yd ON=MAOONFONINNIOO Yy MOAF=-ONTTINFFONDNIOFO
By OO O™-OMINANS - b0 O MNIN OO HIPONONTN PN
® 9|0 0 0 0 0 00 000 0 i $(0 0 @ 0 0 9 0 0|0 0 000 08 0|0
LD M Fammnmmen 0 0 ¥ OPOCOOOH~HMHOOOEH~~O D~
) w e R 11 A I
d -
%) Y,
- O N U ON N N CO O et e e OO NS O PO et PO P O L 0O et P
W NS IOINODOC IO~ W NN NOIRNNT D - IO T OO
D SO =N ANSN A L AN OANONO P et et O\ O ol (o - N
W O OIS e el et - 1 OV ON W OO COINNMAOMONMOON T
- TR TITII ISy D d g e O e O NN VNN NN N O N O
b > g
&) 909009}_8985116 O ONODOVOOOVFTOROFTOOVP O
X FTNNHANNADODDONDIDOONS! B, DM w0 COM Ot |~
W IANANNSOONNSSNNO D T N~ & M~ SO |
=4 Lo T aaEanTaaTaa BN X SIS o F WV PP 2
W oA AN N NN N N S W
L0 O HMNMNGF O COONNM S . Pt O N PN el | IO
X0 P ONCOOTOM=L D RO CPHDOmOOCO~=-O0O~ODC
i e LI I I I RO T IR B O I I T g SN P[0 0 % 0.0 0 0 0(0 9 0 0 0 0 0 00 e
NN e A ~U OPCOODCOOPOOOOOOOPO
INONONOOTCENTOD CROLCm—~OMTM=NNE FOONTN
MTNIP ODONCTHOR LT NPZTNIPNONMOmsOF O
§ ® 90 2 0 2 & 0 0 a0t @ @ o Q...-moo.oolonoocoo.
< OMNOWUNNOMMMNINNNN < LH-FTOODNONMr=t NN =0 D
! OO DO NN ot et IO (N i N ON : O N O e 30 VO M- (N O COCO S N3 P 00 - o
{ FHIOTNNC OO F NN i NN O ol ol (N O OO 0O 00 (Nt
IR oocyinnnn INMAN AN AN S i
‘e .
= NN M SAO NNNN ek mkam e R Lo K B LoV L T oNT SN TN T ST NTNTNE NT,)
- NN NN S ot i
= = i
| |




31 CYGNI A

ARCTURUS

LUG F  WT.

W

LUG F WT.

W

LOG gfX

ENERGY LEVELS

LOW
E.P.

MULT.

D e~

oo

NN
A

0
N
nen
N
g

alas]

et o g e ek () e sl

oafS faale
NN O
L I B
b e, e, et

0 FOn
Lo Ta R o)
LI N
o e o

olisleleloNol. e,
=~ ONOO
PO od () 00 0O O\ ok O

PN o ot OO O el O\

oalgHiTolTal
N O M N e
® 0 ¢ 0.0 0 0 o
poed omend peoed (ol o o smd peed

il g

OO NI M
el le el Ia Pt ko e}
Pl ol pd el )

CdMOmNIO
N CO wd md 83 00 ONJ O\
0 0 0 0 00 0

B

(0 COND M o 06 (N o
NN O ot NI o
NO =t O TN b o N e
NN NN e
NN N NN

CO LN QO M= B0 O N
NINAIRN O NN
Nt DO N i O8
NDROMMINDO O

NO et D) et LN O et D)
ROoOIrO®
0 00 0 0 e
P=OCOQO~CO

NN SO
N~ OMNOMN
® 00 0 0 00
OO O 0T IND
INTOO RN
MONTFNOC
N NO OO0 00N

aalaalasloalaaloa o B 4
bl ok ok e et et o ek

LA
N
* .
N

1.86

ofe)
A
= O

400

=t o=t O] ONJ O\ o et )

NN N O =N
=~ O NP0 OO0
® 00 0 0 0 0 0
N O\ o e g o e, gt

NP DOMOM
ToREal o tap Inalh oV}

PP 00 - LN 00
MNP ODO
a0 0 00 0 00

PDOOOOOOO

Nl AN
N 00 0O N0
NN NN N

b0 0 0
MO
N (Y- O
O~

AP O
("D O
' 0 O° P
0O N

PO ret U O et et O LY
RIARTOIIN
® 00 0 00 00
POCO=~COO

N nn

R ninniinwn
P oreed md o et e e et

NN OO R MM RO O

VRO
NN VN
® 00 00 0 00

D ONMINOM-L

OIS INOTON IO OO

bl 06930 et 14 3G i 7Y
I e
NN AN NN

NN O M= 0 N O M-
solf oo Nl o NI o N N] o
O rd O OO N ot O 1Y
= CONO M= CO O

(0 v O ot LN ot D) o (N et LEN O
NOOPODOIOOAIOOTOD

N AL LD O A O e A LA LA O
o i o o @ ® o o0
OO MOD IO~
CPOCODOT TP
® ¢ 0 0 9 % 0 0|0 0 0 00
e et O] O] €] O] el et e gt O] et d
O OCOM T HOOD O
~COM O NN DINNO©
N TN IO NI onm
NIV T NERTNEST NPT Y NT NPPpT.
L]
0O MO =N NN O N rtmd (N O NP O
MO O 00 000 OO OVO00N Y
@ 9 ° 0.9 0 2 0|® 0 0 0.0 0 0 0
pod el ] poned g | el el o e e ol o] e = o,
=4 \0 D wd O = O
AU O AT = O = OO N AN O 0N
NN NN =N NN (e

DONmi 00O OM
O PO DN
® e 0 2 0 0 9 0

OO0 D Ot O N N et e e e o et ek et O D OO DD OOt DO b ot

O N D O Mt
OO OOOO
0 20 i M A F M0
e O I O et ot
NN O O NNy 1)

O~ 00 0N -0
O P (N CO LA LAV I OV
N (Y e O o v (63 N
e = e e 00 0O e e

gt e o UL

DO 0mCODOCOm~OQ

NP OO MNP O N IO AT OO N
YOI e P PN OO M O md ™= A 0N QO O 0L ol

O Ot LN N P Ot O P= Nl Y VO F NN O el O =N
L0 NP O MO F O (5 TN i LA 00 O O O = N LAV LA O P LA
N M0 F - 0 F LA F OO O ok OF DN D o et et ot A0 ot et
55555544ﬂ5555444

N OO 000010000 O T30
o i o o ) o e o el e et e e ek 94 o

NN et .4225

CriOn
]

e 00
vl peond prud

AN
O GO P
e ¢ 90
i prond (recd guned

OCOM00Aa
PP C 0 O et ot
et F A 00

NN O N O O i

8

NN T MO O
0 © =4 010 L\ o LN
e 00 eio 0 0o
ot oo ol e ] g e et

1Le 0L

ANMOO OO
ONNANDOOO]
ON N o o oo

1717

AONRMN0MP
VSO MNNM
o 0 0 00 ¢ 0 0|0
ﬂﬂZdllZf

WP L S P LA 00
MO O N
wed (Y CO 1)
N d goed =4
ahalnlal

€O et O
0N e
NN

25UY0

NO O et O et O i §
! 00 OO
o onon
e NN NN
e el s g g e et

L1770

OO OO
NN OO N
o 0 8 0 0 0 0 9|0
ok e el e e o e

-\
aalatie)]
¢ 0 0 0

0 OO N
N AN
® 0 0 0|0
O DM
R et NO N
P LA ed N (Y PO 00
OO ARNN

\0 OO M0
wiaalaalaatalialaalon]

91




31 CYGNI A

ARCTURUS

Wle.

LUG F

W

Wle

“LOGF

W

T

ENERGY LEVELS

LOW
E.P.

D E—

MULT.

—

-t O
N~
L ]

(ole)

NN~
oo
solla]
M
M

(e e]

—

N

celos]
O
~0
T

ool o}
(aalaa]

5

2.06
1.87

515
338

N ot o e et e (] et

O F MMM O0N
N R0 0N N~
LI I I B N B I )
llllTlll

(O 0 NN D NF LN
NN N et (A O
(N ot (] et (] oned e

PNINONOC
NOOMMO N
% 9 0 0 8 0 0
INO N et O et O

N O~ AIM
AN N OV 0
oMo min Ao~
PO S o
RN e A P 0

OO O D~ O8O
I~ O M D000 OO
OO
b N it NN NN O

POVNONOO
N O AN OO
e 0 e 0 000
ke ke Lo Lo B B B

NOWNONNO S
RO =-ONROO®
R R
NO = NN

oM
VDN
L)

Yolag]
N et
L ]
NN

(eolelo]lele]
DO
Mo =10
alaVE

ot et (N rd poed o oed O\

~ 0 NO
= CO O N
o e 8 0
P\ et et )

ownom
i oA
® 00 0
OO O

NSO
N0 N
el
v

O NN
W\ == 0 O
LA\ 00 ed 01
—

alalears
() = 0O L
L B B
O enm

NN o
ot = o]
* 0 00

N Ot 1)

N~ OINOS-ONO O
N QO U et U\ red LV N
M= ONLOTNNO O™
M N nn
slsalaalaalaalaalaatagl

N O =t ON
O M0 0
paleplTafey]
N =t NN
b ek e god

\O = MO
~0-OM
o Pafe e
wd (N O\ i
rd ) ek el

PN ODONO®
OO NN
2 0 0 0 0 0 00
smd st ek i ol e =l

0O LA O MO A = O
N LN ed et O N N
® 0 6 0 % 8 0 0
MY OO L I e N el
OO O e 0N (O
paadh S at haalaatal]
S s g S S

£ e e v o g e ()
S 2 g g £ o

Q=D AN O et O\ e ol i et et LY U
g N el e =) oL NI NEETN] e O i L)

OMAM oI e O NN

e 0 0 0 L I BN e 0 0 0 0 e 0 9 00
NN NN el o pod d ot S ]

bono OOOﬁ @ N OO

AN o0 LM ONN ') i O O

PNINO 0N Rl laVTaatsa N NN
N O\ o d | O O\ g el

e ] et e e e e o 1 e e O] 1t N N N N N O O et e o €]

10 =10 01 LN AL O U OV N S0 P 1 (N 4 IO LN M P N A O

O N et B P VA NN =D MO YA NN O
0 0 2.0 0 0 0% 9 0 " 0 % 0 B0 8 0 00 0% 0 0|
TN O OV O st (N OV N N O\ O et el el e g el o e g, e g e

HOONINACODINONNOE NP OONO MDD

10 0N O M= ) A\ (1) O et oF O et O i = 10 U 00 O ot PO AL

N OO U N et o3 NI IS L) (] o e e e g s o, g g (] o s

pd sosad O\ rod e i

O O LA I LA 4 O N o T O 1 0N O (N A i O

N O 00 00 o= (O O AN LA N O N 0O M {0 F PO 00 et A PO

o..omo'o..ooowlooooooooonoo
YT 0O 00 ON S ST 3 00 00 00 OV e ot et e s ot gmd ) ot (N et e

0 ONO T 0% 1O M et 410 00 O I AP NI e N e P O O

O ON =00 NNT OO0 OO =N O i O U\ et

O C OO~ NN OGO 0D O wed MY 05 = i P

N OO OO MM AN & N O

N 00 00 60 06 60 6N 60 00 00 00 60 10 0 60 (N 0 60 00 00 00 PO M 0

4 00 410 \O O et O O e P O P e P o P e O e P

L0 ON OB =100 100 0 1N N AL NI AT NN LA N A

NN NN OO

N O = O\ ot et NN N N = R e e e e e N e e e

11111111 11111111 i las Ea R R ]

MOV DA IO M O i e O gt O rnd e poef N ON ol

0 S LA N D V0N O e et O] et el N e O] N (N el e N

O 0 0 0 0 0 0 0|8 00 000 0 R0 NN
e e el e el e e gt e ot ) EN N N NN NN NN N N N

DO N O P OO O OV O F =l 0 F O

DN P O 10 00O (N ED O 0 0N 0 = N HE O (NI 10 (N st o3

® & 0 8 9 0 0 00 % 0 0 0 0 9 0|0 0 0 00 0 0 00
e LY OV P L 00t 10 60 O\ O LA = LA OO 00 P 00 (N D NI ot

D OO A F O O F (OO O el ded (AN 00 ST O F 0

MO N ot © O QD o e 3 1O O OO (N et et © (N O] omd et

N N N 00 00 W0 10 1000 0 IA N

(O OV N N0 060 70 0,60 00 O NN NN N NN o N 0100 0 10
NS I 0000 010000000010




31 CYGNI A

ARCTURUS

LOG F WT.

W

LOG F  WT.

W

LOG gfA

ENERGY LEVELS

W

LOW
E.P.

g —

T pam—

N
fo e v}
()

r~en
=)
R

NN

N~
nin

L)
e

O~
oo te ]
—

et g pod LN ek ot LY
L. *

VoW N
N OO O
0 0 0 0 0 0
OOV OO et

JTNOONO®
[=alaal' 2k~ gaalaalvel
OO NN M

(N o o gl gl N\ O\ st

N O = OOl CC 00
MO DO
0 0 0 0 0 0 0
ot (N gt o g o g,y

- Ny
DN \O e OO O O
=t 3 OV OO DN N O et

e e

.5

PO = O\ Q0 N N et
DN N0 ®
® 80 0 0 00
bt o e g el (] i

O N O O
=400 0 et O O
N = OO Y O

NI O\J oot (Nt gl g gt

0N OM TN M
KON AN IA D
e e % 0 0 000
ot e e el e ) g (O

PN D= O
N TFNO
et e (el

— VL et O\ ot
. .

d et (N ot ol (N L\ ot o g gt gl et o
HOPO~NOMO O M
MO0 OO~ N~ O
e 0 0 0 0 0 0 0|0 e e @
l..lll.l.l.l.llll e
DINOMNOBINE O O ~
N NO i NI 0 S O
N=ONNNTNON - N
5222?2112221T112
NN D OO M= O it O O e = A LN
NOAMAMOTATONTTOMN
0 8 0 0 0 0 %0 2 0 00 0 0
ok ek st e et e otk b ek ok ek ok
O =l 00 00 0V N 0O N (N N0 et S P el ©
O A~ MOt N A =N D
b O\ o et e O\ o et e -~

o st

02960255736665771918727606i4040035
NN el =1 QO OO IV O TN OSSNSO RO O OO

N 0N 000N ) AN 4 O et et 4 OV N O o O O e et rmrd N O\ et NI D o ek et O et

a0

P i
O~~~
[aalaa]

N~

ol g

PO N0 O e O e L o
ek Lindad i adad (= 1o
OO PNONT
POPOORCOO
aalanlaaks dagkh ot X

M OM~OMNN~
AL LA N N
e STaY e TaY e o
e e R P e e e
prod od ymend pmd ped e d sk

et PN O o N T e e
PN e el (N el s (] O\
0 0 0 0 9 0
NN NN N

i Lk 21 aV AN HoNT N
M O = AN O
o ® 0 0 0 0 0 0
M~OFNONMNO
= OO QO LA F - 01
=eJTRK X SX SC K 2 4
SIS i S g o N N

= 0D G0 00 A0 O CO
N OO0V VOO

AN SO
SN =00
NOONDONN
COOOC~ON™
s )

OO0 O®
NN NN N
min 2k 2l d el ko)
NP e I P e GO
el e i o o e ok ok

e N e e
ol s ek s, ol e N
9 2 0 0 0 00
N N N N

M FON—~0mM
OO NNST OO
® 00 0000
=00 (N QO NI =t QO
N0 o0
N ANNO O
SIS A S s 2 )

OO~
6667.77 o
-

NN 090N O
D= O N O~
DO QN 1O (M el med TN
M N -0
aalaalaaleatanloalantosl

D0 COCO NN QOO O
N~ I LA LA e
M A nmMmo
(0 0 I 0N DT O
proed sl gl o] o smend e (N

e e i
NN F NS
o0 8 0 a0 0 0
INONONN N NN A

0O L0 LA LA LN A0
00 LN el F O CO M
e 0 2 2 0 0 0 0
=t (Nt © 00 N ON ()
00 PO O I
oMo ny
N0 OO0 Onnn

(N O oot ped el e g 7= 4
(2 O o el e pnd o v 1
beed o, o e e e oo e

OO O et et i) IO
oo dulialels)
DI
DOICOOO
AT BRI

(N0 00 (NICD NGO
NN AN AR
MM AN
PR POOD®
e Ll [y

P g P Pone ol e o] e
NSNS OO
0 0 20 0 00
NN NN

LA CO N = O O O
P O~ N N D
® 0 0 0.0 8 0 o
-0 O O
Bt daalialndealg!
~0 O ONN
(TR i it B i i

=t red =t VLA L LA
o ek ool e o nd
o o o o o el ced el

FONO e N
09766
L] i 0 0 9|0
21111

8508~
WO O
TN

503

el gl el oo, e (N O\ €]

<

=N IO 4
ptsel o s DA aa B
000000
e g g et g peoed el o

1«01

VDO F OO F N
r~ N O M F OO
NANNMN  ~(N

ONPDNOIN
NN O
e 0 2 00 0 0 0|0
COLN 0N O O pod ed

4444443

7273071
VO e NIA N
SO0
oo

O O
R I
e 20 0.0 0 0 0|0
NNNNNNN

N O o O vl et €O
NOO =~ 0N
® 0 0 0. ¢ 0 0 0|0
O P O 00 et 00
N CO 00 A 0O ot O
N md (NN L
FTErETE 00

NANNANONMOE©
nnnninn oo
s e oo et reod el s et




L ]
b
=
L= 4
- U
< |
LI L.
> D
O -
- |
(23]
& 3
L}
o
=
wv
puo TN 1 8
o
= 5D
- B2
O
£
<
=
<
Lid
{=1)]
D
o]
-
72
ed
w
>
w
-
>
e
or
1)
=
(8]
.
=0.
Qe
-t
<
L]
Jom
d
-
=

—d—d
M~
* e

NN N O] e et et e et (N N et et N

M~
-
(3¥1a]
nn
Mo

-0
N
el
oo
o o

~No
&+
L N ]
NN

o0
on

()
Dl
own
Ly
Lelle)

o
00
i i

ON O\ ot v o

O T
nAST AN
00 0 0

N~
O NN
NN = NN

N OO O i O\ el O

0 MNOT O N~

MA N A NN NN

o000
pred e el prend

LI I B
proed. d gt o

(0 CO NS =
N = O
e d e

NN
N O ) et
N O\J oot et

O+ 0N NND

sefoplelNolsceate dog)
NOR=P=00 \O =0
OMOMNOO~
TaellaRNe IToRNo R o] g
MMM amMn

ped QO vt QO i LE et L
NN N MM
NOMNOMNODOD0
oo oo dololels)
pred ot e et O\ O N N

N O N 0N O
N AN
e 0 0 0 0 0 0
NN NN N

NN NNMO
LY 0 v (N ot O O
e 0 0 0 0 0 0 0
PO OO
D OO et O M=)
et et () O8N WO L0\ B et
NO OO N0 OO

OO0 OON
NOOMOOCOO
el e el st O] NI O O

ol oo, et

CC ¢=d mi OO
Pellalellal
.0 0 0
et stk

o1 ally)
0 NNO
=t () et

276

N OO N =t O

IalTaloallal
rO) OO et T
e 0 00
o sd el iomd

=t O MO
[a¥aalaVEk
e 000
fd e o ed

OO O
NN N
et pd )

NN
sl SN o
o el vk et

N0
00 00 M
o 00

F N~ AN
NN i ()
@ 0 0 0
(NJ oo ed o

i \O 60 LA CO O NF M)
NCOON RO N
OV O e = O N et O
O I~ 00 00 00 ~F =4
hY 0 06 0 1) ) F =i

s JTa¥o ElToYo Yo P00
N0 3 - 0O D
DWOOVDOOV
ped O e O (D voed poed ©
NN NN N

ODONDODN
010N 0 O
o 80 00 000
NN N NN NN N

P ONINDOON
FOMAMI T~
e 0 % 0 0 0 0 0
AN O =N
OO O it O i
5 A N =0 A A OV
DVVNNNG ¢

i almtal Al oAl 2}
DOCOO O mie
NONONNNNANN

et N e D 55531151155115 5
NITONN | ONN O~ SO0 0
MNOVOM M~ NOOTORDOONNON N
*® 0 0 0 0 L ] ® 0 8 0 0 0 20 0 ¢ 0 0 00 .
e el ed e (] O\ ot gt gl (N (] ool oo o g oed et
ONDOE—~ O OOCONCONOOOR-O P
PRI E N TOOORMOFTRODROND O
NN~ | NNNSAMMATEOEENNNN
111221221125zZZZiZlZZlei
B0 O\ G0 U\ et O P 00 et ~F G0 O N O O N I 1N 00 O (N O\t P o
AT T FTONFHINTONOOPRMNOTINNO~N
O 6 ¢ 0. 2 0 0 00 9 0 0.0 0 0 0|0 T OB 0 O 0 0|0
pront prmt el rd md pod o od ol o ok oy ] el et rnd ool el pand sed g pmd ol
141493488920b431i5454407ﬁ
NS D0 0D e NG IO O F OO N N O O OO
pood o (] ol g el e e e gt T (N O] e N N N O el e e ()
e OO O O A S AD0 L OO et O NP OV
et et A= D VA P A RO O 0 A A O VOO O M
.oo.o-QQQQQQNQQQOQQOOOQQQO
N O ON O (N = et O] £ 60 NI SF 000 000 00) 00 601 00 0 O\ N O 0 ot
et 19 A0) ) et £ LY GO 00 et e O L) o o8 O U o 8 A0 PV o ot
N AD €0 O (N NO = N O (N et st 1) £ A0 st 1) 0 A0 et 10 £ Y O
NN Ot N et T AR O 0 F O 00 1 O O =+ 0 O
INNON PR NINO NN AN NN AN
St e TaaTanlanlo gl g N G 8 K K o o L X g S S5 L oK X
A0 OO\ ONO N O PO I et 90 44 O LA N ot (LN )
et P F OOt DU D e O F Al DT el D F O
00 O P N NN N O O e O 0 ON red 1t 00 1 ot (] ON et e (] ek
(2 OO v pmed (N (] et ot o gmd el O] (N Y O N MO AN A 0
N OO O N NN NN N N NN NN NN NN N N
00 LY €O AN LAV O NN OO O O ad N0 AU \O M o3 1V \O M= O
AL O N s N e e e 50 N £ 00 €0 00 00 40 €0 60 60 60 60 60 C0
2 6 0 0 0 0 0 0|0 8 0 0 0 0 0 D0 0P NP PN DN 0|0
AUV IOV oV OV N FONTONT NY N NTANT N NTNT NT N TN T N T NT NN N TN
N ot 8 O AT PN o I 8 O O O O A MY 0 F NI NN
N NN A NN O PO U MO d O d (N 00 06 T
@ 0 0 0 0 0 0 00 2 0 0 0 s 0 00 8 0000 e
hD et P O\ 50 0O 10 N 00 LA P ot ot O O N O (N AN CO 00 i
Demif=PF OOV APPSO NN FOMOMN
= OVt NN PADOODOMDDONIOIN
OO0V OT OO TN TSNS FT T
= 00 €0 00 €0 20 O () 1 O O 00 50 €0 €0 £ ¢0 00 60 CO €0 O O O
et ot ) N0 AD AD \O I [ N N e o v g e e s ) g ] o o] g
NN AN NN NN AN SO A A A IO AM Mo e en

94




31 CYGNI A

ARCTURUS

LOG F Wl

W

W LUG F  WT.

LOG gfXx

ENERGY LEVELS

LOW
E.P.

MULT.

own
N

N
NN

wnes
A
v e
poed mcd

alty}
e laa)
red e

ol
0O

N
M~

eelee]
[aalaal

M~
k4
eoloy)
NN
NN

[a¥Iaa]
W

NN

(N oed ot

~ NN
Talaalsg
¢ 0 e
pred poed ed

N ol et (\J ef et ol 1t

MO VOO
NOmMnMMonN
e 8 0 0 9 0 00
i ot o g e o e

N OO
O 00 mi O N A D
= ek ped

DN \O QO md N (N O et
PO N O M i e
© 00 8 0 0 0
=t vl e O\ N O\ d N

solve RV [og EX N JVaToV]
N = 0N OO QO OC met
D OO O et e NI LY
PO COCO (A & F &
SaFaTepRE R SRR R

N COM= O CON M
A e R R R a
DOCOIOPR
NN N NN
NN NN

AN NN
PO €O Q0 Q0 O 0 0
® 0 0 0 0 0 00

NONNNNNNN

N et 01 0O DN O 3 U
NNV FNO®
o 9 0 0 0 00
O el ON =t = OO LN
=N OO
NMANMNNS 000
N OO

NANNONDOMNO
N
aalaalalaalaalaalenlog’

1.90

335

et O] e med N et o O\

M OO CO md O el I
SR ATIN OO0
00 000 00

SR PR PR S P

PO O\ 0
MNO™M
NI O\ et ot

\0 0 ™) =
MC M~
=t N O

MY ON PO " (N 20 M ed
(0 P " o N et O
0 0 % 0 0 0 0

et (N O\J ) ot d LOY 0D
N NOOO DO
NN OV O O =0
AN O OO0
S g GU g

60 = N\ 00 60 O\ CO =
NI AN NS
sefofek ol cla]. o o))
NN NN NN
NN NN NN

N NN N O
£0 €O 40 60 £0 0 €0 0
e 00 9000 000
NN NN

N ONO DM OO
(N O N Mt OO
e 0 0 0 0 9 0

LD 0 0 F M= LA i 1

1.83
.03

286

=N =N OO
i NN O DT
e e 0 00 0 0
pod roed el pord pad ol eend ek

MINO N O
=~ OO O~ N 0D
R e ]

P et OO N e
NP~ O T e O

o ® 0 0 0 900

NN AN AN A

M A P D
e P N ON O et
poed et O PN (O o 8 CO
PO O PPN
SEC RS S

N N e N €O e €O =t
b i saa B g T
oo ko gleptolonle ol ol
NONNAN N NN M
NANNANN NN

ailanlaaias Ia¥Kaa¥aNiag!
sefeofooloofvelevloekey
¢ 0 00 0 e
NOANANNAN NN

£C CO LA O = OO LA
D OOMONND
e 2 0 0.0 0 00
O O NN e (N et O
NON=ONNO M
et et (N O\ et et O O\
NN

NN OO
NN NN D
alaalaalanlanantanlsn!

O U =i LN
. .

[rofepls eloy)

N el poed guend goend

P 0DVO
Ul bl g
(Fal ol ant o

DO O

pred e md (O] et md (N O] et e O\ et e e O\ e o

NOO
Nelialle}
L ]

D & 00 o
OO rint o
L B I
] e s e )

Llandso)
~ 0O
Nr=itN

Sglalnds o
ot o

O 0 F N1
=0 T N
e v e e 0 0 00
poed oo e (€Y

NN
whakaale)
&+~
nenem
S

At
o
aalaaielal]
NN
R

e ek et e N et el O
60 il O O 00 00 ved
() et PN LOY LY et et e
O
NN NN N

al*alaaloalsagleale BX J
DACSONIO
00 00 000
AN ANMAaNNN

DW= ON
(0 (AN od =l LA\ F*
0 0 0 0 * 00
et (NI CO el O O =
OO ONMG
(N el © =4 O =00 O
NN T I

) (V0 00 P o F O
0OV DDDDO
A MMM

= O N0
aalialy]
LR )

=t O 0 T
Ak gaalta]
® 000

5210r34387320

HRANOWO T
et |

10 (NI M= 0 i (NJ N 1) 4
NSNS ON
® 00 0000
NN N NN M

06 ool o e (N gt 0 4
p=d omed 06 OO ¢
LN md O CO N MV
UaAR® Lnd e ands 2l
TEFEFTY

=l
=t OO v
lden
g
NN

PO
i 0 €O ot
ot () N et
AN
NN N

VO FDVOOF D
OO
00000 00
NN N NN

OOT OO et
AR NN
o 0 9 00 0 90
~DONDOO
OO
AN O
s

AT N
O pd ot g e (N O
ITLTEEITT

Pt v O\ O O] et omef O

peed e e e g e good, ped ed

&

Wl
“-

.
ped

)
-y

o ad

D
DN

.
N

95




31 CYGNI A

ARCTURUS

WTl.
1
-b
1
5
)
-5
1
15
&
1
5
OS
2
1
.5
1

bt O\ O\ et - ol el gt 355 o

NNO INFTNNTNOOONS OO N NM~O 00~ O
NORi AR MONODNEMM IO O NN M~0 noo ~own O
e 00 ¢ 0 0 00 00 000 e 0N .0 e 00 000 L]
pod gl gd e e ok el e e e et e o e o e e et e b el et el

LOG F
1.71

LOM INMINCDEPNOOE~IFNO® ~n g OO |
N NN OODMODON—~ORFND  ON —~®0 OO
AN NN NNMAAETAMNNAN N Nt Ot

W
234
233

WT.
1
1

¢l g prond o puerd g e e 11122111 N N N N N OV O\ ol geed s poed o poned o o g 11212117.

AN =HADNNOMFOOONNINPNOMNUMSNO~INOOCOOO DN OO\
~EMEMNNNO~ T NS OINTMNE ST IS inTinmmMmE TS NN OO AN 1
¢ 0|8 0 0 0 0 00 %0 @0 000 BN e e e
ot ] e ] e d e prend e g e e ] o g pomed e o el e e ] e g ] poend o] gl ] e g g 1111111.

LOG F
L
1
LedD

DTN D O OO Ot (AR O et LA O LA D O 3 €0 00 (NI o e £ O O 01 e O LA N O LAl 60 o NI e |
00 pd O ~F 83 LN QOO ) 1) ot O\t ol QO LY 4 00 LAV T L LAV LAY () 10 3 O e O o ol e e 00 D O 4 O 0N i ¢
ol | o gl o o] g 11221211I111111111111111 ol e et g e e o

W

6

3
0%

8483529227[5960023155332853488r428 O F D
TNROMNNO~NNMNINT FONONDINNN OO OFOTNOOOORONM MO MMM
L I I I I I I I I I I R O T R O O I N I e
NP AN A NN O F AN NN A NN NONNNN NN

LOG g£X

IO 100 NV O N O (Y O 00 0 ot e et o [N et T LAY P et 0N 10 00 O P 14 O e et 4O (N e 00 00 O o N
POPNIN VDO = O PND OO MDD S TN OMO DM AN M IN QM F O MmO
NO BN~ FANOHINF A FOOMAD AN DN AD AN ONMONMAMO D MNG
L0 =P 00 0 G0 GO = = = 00 0N o LA LA (O LA LAV LAY S LA U = N 00 60 I 60 00 e G0 et et £ rmd NI NO
RIS B TR Rt gt e e e R o e R A TalTal Al T2l akt s

\ oelelololol, Yol olalalodololole ¥ olol=lol ol I 2.1
MNPSOS SO AR S OF O T AD SIS AT IO T FNONNO
PPN OMMSSON NN OO el (R DN OO =t M T LA DN et 0O T U el 0O AP O I roed et
A A N0 0 01 01010 0 001N 0100 0000000 N OO
TN NN TN EN N TN TN TN N PN TN TN T NT N TN TN TN NN ENTNENENT NN ENENT NENTN N SENENTNTNENE T

NN NN ONANR IO O O

“ENERGY LEVELS

V0P VOODVOAMMAONMOMINNONMNMNMNOOMIANDMNNCONNOOMIN
OCPO~MOOO~OLOOOTNNNNNNNMNNNON NN NNNON NONNNNN N
9 0 % 9 0 % 0 a[0 0 0 00 0 0 0|00 0 0 e |00 et |t o000 e
MEAOMMAMMMAAAMMAMMOMMAMMAMMAMAMAAMMAMAMANA MO OO MO MN

ow
E.P.

-

VANONANN AT NOM O OO el 5O 00 N0 N ~F* med €O 00 O F ek e LY SO O {3 o3 N O o 0O ONND
AN O MO M NCOND ONI md d d O 0O A 4 Q0 D ) = N Ot LN (N OO (N OO NTD S0 o o I
....O....o.-o.."......0.00000..QQOOOOQIOWOOOQQ
NN ONOOMNCOMO OO MIO MO NS MNMO OO MO IND
e OO N OO MNFT O AN O Nt N OP MO OO i NN O N O O 00 #dl emd e OO
QNN T = NN TN OO e D NN NN NN NN AN =00 000N ININOO DO
TN I III I I I nnninnnnnNNnNRIE I I T T T ET ST

A

O = P e P e €0 00 €O med i vl med (N N LA A A LA O N A A NN VN IAA A VA B DAL N O 0 O

N U0 0 00 AN NO RGO (NS 01 06 00 PO 0O (O 00 00 00 0 PO T F o o o 567!068m
BN SO A DN A A OA D D D DA D IR A N R OO D AL AN I DO A LA

MULT.

|




31 CYGNI A

ARCTURUS

WT.

LOG F

W

WT.

LOG F

ENERGY LEVELS LOG gfaA W

LOW
E.p.

MULT.

1.75
2.73

N
=4 CO
eokon]
~o
+

= 0
mney
M0
00
NN

no
NN
()

me

o e}
o
o0
oWy
no
0w
3

-
nwn

D

Ls ¥
1.73

R
215

et g 7ond . el ] el e

oM MONN O
Saaal' el ge o ls HoV}
® 8 0 00 ¢ ¥ »
P e g o (e ) ol

P O\I=L0)
MOFON 0N
Pt e

O OMNNDO
FONPN OO
® 9 ¢ 0 0 0 0 0
N O O\ OO ied et el ()

MFONDY-O N
N O O O 00 d 1)
M 0 FAED O el
N OO et NO = P
NPT NN

£Q 400 = LA LA F 0
NN ANINO
hD 10 (Y N NND N
MO 00 00000
NN AN NN

AN FOO
NN NN N
0 00 09000
MMM AN

[N 00 =0 AL
PO =N
o ® 9 00 0 0 0
I~ O10 00 O At
NS OMON o~
MONO0 OO M
NN

P00 (N O A PR o
NP OMMrAMm
MY AN 010 000

1155121121&551355 1115 511
NO=FFOOONDOPNNR TN O~ | PO
NN N OO ENNSOG OON| NN
@ 0.9 0 0 0|0 0 0 0 0 0 0 00 » 0 L I B LN RS
el ] el gl g g e el g ] grd e ped el e ] ] o] o] e ot o= o o]
FNNDOOOVINNOVODOO0 OO oo
NOFORMIINMNAMONEM N ~AON| FIAN
el e AN O NN et e NN NN | NN
T T [V 1Vl VTs Vs VLT ST NT.NT NT NPT .NTNPETNTNT. N} SRy Sy Npy o
DN O et O O NN = O C LD D N O F OO O O MM O Nt
O NN OO F F F O NN I NN M 0 O N LN O A M O
.........Q.‘O.....IOWO....O.......
() vl gl gl g ) mend g e g o goend 0111.11111111.1111 bad o] oo o o
D OO O F N O DN N et iF O NN N0 DN OV A Ot N O i
MONOONNPIROTONPOITNNO~DO RPN 0MNDOOFDO
O =t ol oef o ped o ] ped o ol ed e L
P et e et OO AN F O i O 00 O OO N M= N 0O 6 (OO N O N O
K NN AN O NI O D0 F O i = EA T = LA N 1 00 10 10 M0 4 61 et OF NGO O
@ 0 0 2.0 0 0 00 0 0 0 0 0 8 B0 P2 P 000 9 %9 00 00 08 0 00
b et et O] N et o3 <3 1 06 £ 03 081N 0 O N NN NN O NN N N O o 6 00 O
O A0 00 \O 1) A0 = ot | TP L st Pt 30 00 10 e G0 N0 04 00 \O = (N ek et et O F P O
MY UNND m o st e 1O PA D O8O N0 O M IO NI L UM LA 00 160 10 0 remd 00 S ot OO
L AN 000 O LA D0 SO M MR A AN O A O 00 O O e NS
=00 00 0N N LA (AL LA LA N LA R= I COM A= (O A D G0 e el O © O el O
4444%44444444444 Q44W444 Funnninmn
i A OIS (0 OV NN O IR O O OO A O M IA LA
NANNNOMSNS OO0 OO O VO OVIO OO O
L0 \O TN A0 " 00 0O et {3 L 1D 06 £ LAVCO =4 {11 10 60 et L FYY LA A0 et ot L md 60 GO 061 CO
MO NOAD MO MO ND \O e e e P e e e O N e e O P P P P s s [N s e N 0 P A0
N NN O N OV N O NN NN NN N NN NN N N N N NN N N NN N
N OV O 0 LA FO © A ED 80 S AN O AN D 0 O N IR O IA O A O
PN O N 00 00 ) o o 00 00 3 (6N 09 o 00 0 o 00 T o 00 00 3 0 663 093 0 003 4
..l....QC...H.....O.......‘I...Q..
MANAMAMOMMAMAAAOMMAMMAAAONMMNM OO A MM
IR DN OV O (N O M O O O (AU O 00 (N © ot o 1) AN LA et (N 8 LAY
FO OM AN N O £0 10 e 00 80 et e 8 £ 10 O 0 L 0O et e N I ) O €0 BN NI 09
...O..O.....'.....OQMO............
(D 00 O mil 0 N OO D i D0 0 AL O N O O LA O LD
PO P O M emd O O M= LA Q0 et O T = O A MM OO OO VMO
N RLOY L0 1) O L O LA SO M e O O BN CO00 20 00 © O O {0 G0 (N AN ] e o ot
N oI I NN A T 444%54 L i S i
LN = A O O OO DO O O~ 7777777”89233334
P\ 4300 < 3+ €O 0O €0 £0 60 00 €0 50 30 €0 €0 $0 CO.00 00 (D 00 0 O (O DD P NN N O™ b
6666666666666666 6663666666666666




31 CYGNI A

ARCTURUS

wo
[ - — - et el e el (N et ot N O NS ot i
W .
w L~ S b SRTIIRNIIER ®w®
| PO O ~N IO TN &0
[ .} L] L] LR (0 0 0 0 0 0 s 00 LI
= — L B e el ol ] o] g gl ol e, el gl ot od
e 1
¥ o ON 35500“0.,631.1 wn
= s) v O ~AODOMMOOM (et
L ~ N = PO NN NN O = =i\
o i i
b O el gt (N e prmd (N o ed o el (N (N O el e et vt 1N N O] O\ ot (N O\ O TN o ped e e o e g st ] s o o ool e (] (N
= i | i
L NOPONMCON~D 56109587 PO DOF VOO N DM MO ORI O (o
FOMOOOT NN TAOTNINONT AN A NN NONTONOONS NN
4] LI R I I R I I I I I I I A I I R I N e A A A A A A A I A N I N )
0 et v ot o rod e ot el e o £y g el et () e g (] o e g e e, e, e e gl g o e o] o] 5 ] gl g ] s e o], o sl
d i i §
805122149336958282 LO D F et 40 et e F e I et N O 0O © N 4 O GO I o NI OO P ot
T ONPSIT OO0 N O N O U PO DU N N U O\ el ged ON N CO DN 00 ot DN ed © QO A (N OO et 4T
o g | e g e, e fred ot v ek | el et s g e e e gl e ol el | o g -l et d
Y4 P 0 4 LN N 00 D O DN O™ et &F \ON 00 B0 OV O et T 00 OIS O (NI I 00 el N 1 O 163 od 01 O8 €0 00 oF OO GO
B NN ODD AN NN AN AN S AN O = 0N AL (N O CO F i 00 F LA (N O =l OO 1N
| L R I I I I I I I I I I I N e e A A A A N AN IR L)
&) 33733332225333212224333333 FY O 0N OO O N (40 MO 0N N O 00 00 00
] i i
ot
» m “ ,
- O STN= T OO OMMON T IO N md F =l G N CO N N0 O O et ek 1eed O N F O i el
W MmopooninaNTAMMANOOO=ANNMNMONOMOORCOOD NI N GO rded (D mi O FUN -
> MAO~=SOONMOTNINNIN~~NDOOMOONOSANNINDOIPOTORNLOTNOOMN-
W it ed ped e NI OO O P PO b= F NN NN NN N O C O Qe S O RO O O el e (\] et et
- NIV TN NS ST TON NS ST O NN NN nunimnnsninn g
D> . i
O INOROVNOMINNINNCOOOOOPRVRMNOTMIMOCMIMOOMP OO OMO P
o AMSOOVOVOMNOTOODONANNNNNNNOMNOMOMEOMOMINN O A O N AL A
W OOHNODNNOVNOV000ROVMOFMOFINISOININOOMTOOTONOD
Z VOSSOSO DPOOOTROROONRNOETNACROCIONCCIRDIOOOT
W NANANANNNNNNNANNNNN NN NN NN NN .(222,2222222222222
¢ NANINONNOCONMNMMMMOOVOOOVNND I (94747997499&.979
Q. MNOMIFIEMITOANEBANBNNENNOOR OO ION D0 O0IAN 0 O N0 I OIN
O e # 0/ 8 0 0 0 0 2 P A0 0000 0P N0 0NN O 0N s a0 00
Jld M 3333333J3333333533333335333333333333333 )

OO0~ ONNOM et YO DO N

ONONNDOONTORNOVONNOCODOMO~CTOMmM PNOF O
OOt QO OONNOMO D NN FEEFNANNMNOS OO0
FTIN ST FTEIG NG FNTNNT T F N 0000000 FETFTES
455558880257612356’6666666 o m
99999991555689999991111111wzmwwwnn
O ON VOO0 N masodselelc ol ol oty s)

e S S

PO €0 00 €O 00 C0 C0 O

TOOMNODINAD NN N md O M IO 1O M A ML LA O {0 OO M O N D
MONOOF O =T PN INDOOMIND OIN OO =0 N .
oo.o.o.oo.oo,-.oooo..-oo..o..nooo.
OO ONDOM A

NOmir=ON

00O O MedF
N OO Mo
MO &
444#444

{

OO 9 LA MO
OO I
€0 0W VWD

98




31 CYGNI A

W

ARCTURUS

WTl.

LOG F

oG F W1+

W

LOG gEX

ENERGY LEVELS

oW
E.Pe.

-

% fSmm——

O | et F O OOV NN i o
OO0 NANNNMMAMON

o o e g ol e el ol g (o] g e e md

~OHENOVINT N0 OOMN
—ARFNNNOOCOoOoOPDMOND
ON et N OO N O\ et o o g e ped

LY ot oo o g L gt omd U ot ot (N L) el LN
L . LI .

N ON O O\ el rd o ol

1393

173

et O\ O e ot (N e

NN O N MMONNRS NIN G
O N AL S D00 (0 et N rd O O v

LN ]
et

no

e 0 8 0.0 0 0 0
pred e g g gl v O O

i F e LA LA LA O

e 00 0 00 00
(0 pmd (O o ot O g g

~OVONMO

P P N O N PO N (O PO N (A=

—

o g e o o

CANNNTONMONNNDN ~ONDO D
NOPOFMONINN - ONO N~

ANANOAOFAONNNNNNN=ONN NN

K=
—r~
N
O]
nn

[aalen

SO

* e
0™
<N
S iy
Lk g

oo,
ooy
Q@

OO0
MONNMMDONN
PODOOMO T
et O\ OO\ =i QO -
NN

seleplaplopte fanlpdol]
R claglelNe LoVl s
DA Frtamen
OO
ANOANNANNNNN

NN
LAY \00 00O 0O
e % 0 0 8 0 0 0
MY CA N M £ 0 0 0

OO NCOMMN
i+ 0 OO
e 0 0 9 0 0 0 0
F0 O OO O
ONOMO TN
R
N o AN

DOoOOCOMO~
salaalaale alog B JNe 1 0
FO €0 00 00 90 D W ©

M N0 O MNN
IO O =4 O YN0
R O =t O\ NF N3 ol £)
OO Ot
SERS s g S g gl Vg

PO O =P
aadiad p A ol T T oV o)
aalaalalaalsalaalaalsal
eallelente o le o lon
NN NN N

MmN NN
seleBaleiie ol lle}
RN
rMamamaam

rfoOunMmONINN
PO O LNNO F
® 0 0 e 0 000
COOMNMMONTN
N ON N = NP LS
NN N OWN
TaYVRRT NT NV RK ST o

NNMOOMS S
=P CO 0O
RO 00 €0 GO 0 CO O O

NN W\ edmd
. . .

O MO~ ©
NO NN 0
R ] s e 0 .
vt e )
et OOWN O
0O wnit-o0 O©
N el - N

s NG NN AT NITN
N OO (N T e et Y O
e 0 0 2 % 0 0 0

1 et e O A ol O LA
N OMN~INDOM
- -

DOOTMONNN
DNV

N0 T i & NP
DOONOMOO
N'ONSO P M oMmt~-
= NN N -0 CO
(oY TolValValFaiik 8 g o

NN O
NSOV N
MY 0O 00 00 P P P e
OO
72222222

MDD 0L LOD0
I
MO

e ped P N O €D QO T
£\ Q0 U 1M i =l LAY LN
® 0 ¢ % 9 0 00
NOORO N
A0 00 0N i F N CO
INEAONOWNMN
N i

selaglelpdialiels ok
NOOO~NNN
acieaiealopie el atey

Mot OO et O
QO™
0 00 0 0
poed et O o et et

OOMNIND |
RO
—

r111r12111112122

10 O AR O N
NaaladUaVaN[oNE te X
e 0 00 0000

[ el g g g, el s, el e g £ ) ol e ped O

A\ 00 MO
0 0N AN D T oL

O3 LA O
M~ M OIND

NN NN O MR SO M ANO 0

DN et CO 00 el (N €O O\
10 === e O A D
DOMMADADA
b=t F = P - CO 0O CO
NN

salsalndialnd ol ik o
PO OCOOMM
=00 Q0 0 0O red et
O ON e et et med NN O
NaMaaAamen

R Y O\ ) A 0O 50 60 £0 50 0 M A0 (3 e e 10 AR e A e 03 O

(00D D> PO
....“.O..
MY £ 60 70 1 61 6 00

=P OMO NN
= NN OO OO
e 00 000 0
DOCOMONDY
DON=ONINO
ONFOONOO

DRI

— el e ol e e

000NN OIINNIN G

55889999T5556613W
P F O AL 00 010 0 O
PO OO B
i

ed L\ et et Y
L LER]

OND (N 1

=00 N ™M
L) (I} ofe

i el ot sned ek e~

o OO O

N= 0O o
i 0O -t

N O O\ et (N o ol e

[

NN O ON S O U ¢
YN 3 OO U el el
e 0 0 09 0 00
i s e . pond e i 4

LeDU

MNNO0OMe
NFNOO OO0

1Y

N OO0 N AL =t 1N
Ol OO O &
@ 0 0 0 0 0 0 0|0

QOO md & M= i
= 0010
NONMNNINO DT
ot O] el d (] )
5555555j

TRt ol S Tl X o]
OMMOMNOON
€O sl s () o 0O ) ()
et (N O\ o O\ e o e
A AT

CPCDONDW
® 0 0 00 0 0 0|
I 0 5 0 £ £ 06 15 )

N LA F O o et o OO 0
0 0NN O O A A
0 0 0 0 9 0 0|0
bt & O\ ON LA COPA N O
DN OO MO O
DOCOBMNMD

0

99




LUG F  Wl.

31 CYGNI A

W

Wie

ARCTURUS
LOGF

W

LOG gfx

ENERGY LEVELS

_LOW
E.P.

MULT.

100

ANV et pd ot e OV b gl | et ped O | et LAY el el e — OU e e e
s ... LR e o el »
MOOE=~ONCO=~0 0O FOM| M= & IO 0 NO © O N
FEMMSRETONO0OM N0 MOM| InaNN™m T 3 AN @ NN M Onn 3
® 0|0 0 0 0. 0 0 0 0|0 L e 0 0 L I ] LR ] L} o0 L} e 8 9 L]
ol e g g o] o] g el gl g (o] g o | v ol vl | d ek el | pd el el © A e el )
FTOMNONODOCN ~O OINO| NmO O e ~ O N O
MR- ONATOOE OO0 MOY | COM . N\ e n o M Cor~ o
IIIZIIIZIZT et e e B e L e B e L - Nl g

OO N OOV o (N 1ot (N ol e ol ud s g g gmmed (] (] g e gt (N et O\J (] el e e g e s g LY oot (] O\ et 8] O\ =l (NI
L]

8

Dt et FUINANN O NN OO0 e Nt e NO DN PN NF OSSN OPFOMT OO
NN O ed NN NN O =~ O O ed NP NO N O O O F il (Y (N =t DN a8 (N O
® 0(0 0 0 0.0 0 0 0[O 0 0 00 00 N0 0P NP 99 B0 OO 0 e 0 0% 00 00 0 8 0|0
et el e e ) g, ) e g ] el g v e ] g (e, Q) g o g ed gt () ) el e g et e (5 ) el g g st ) e, g g gef

QO UMM = O LA LA ON L I O LN ol P N 1 () el 00 ot (N G0 A NN F LA DO N O MO O F O 0NN VD
OOMM~tOOPDOION OO i (N (O LN O PN IND DN~ ONP DN O O it
ot ek et wd st remd ot pod oo

OO0 OO T 00N QO N vt e MO et N OY N M0 S (N YOI 0O I LN O 00 O OV = 00 ON el o
FOPRCOOOMNATM~OOMINT =M AF~NOCOMOTNNTONDMNS SOOI
O 0/ 9 0 0 0 0 0 0 2[00 0 00 0 0 00 00 0 0 N N0 000 000000000 e o0e
AANTONNAONNNOOMAANOMAONOMAMAOMMMAAMNANNASE O AN S ONE

NONSOODOOITMMOODOOOPOOODOO0O WOOO DOOOPDODOLOOO
MANMOFITTTNOONONMOrd OO DN OO O MO A od (N O e md O (A D NN
NI INNSSDODSONDODOMOVOMIONTOMMNOOTINOMO~OMIINNSNONSTNMO
O OMONSNDOINOVD U\ O8
(N o e g et ped ot (\J (N 0O 8 o o X ]

AT

oo

R A A A e
nnEFMnaMmETranmnningeEnng o
O O ot e ok e o gt et et 1O o et O o O
r~~c0 0O
Ry N A

N'EFT OO FE O

RINTRTNENTR T ELY SPNTL T MmIMmAanE®
i

w

m
TPFOFOLTOT
ot 02 el O\ e () o (] et
.....“.-...
& 464?444

e A L T T vt SUSICY NENT NN ENTNTNT ST NP

OO0 O N NN O [ 0O O 00 O oo ol © e et pef O (O e e st fed O o et (D

o........oo..:.....oo.w-o..o.o-o

MEOAMAAMMMMMAMNAMMATIIINFTIITITIIIFTIETe
W |

09
4.14

M _
| | 4
O N OO (N O 01 0 LA 60 o O FY LA 9 O LA 60 O N 01 <0 £ LA L I 1) O GO NI 1t £ £ L0 A0 €0 o
SOOI N N o 40 0 o F I e e e o O AR LA O 00 CACI O (NGO 0 D () 00 med A\ OV ON (A SO ON O 1)
o.ooo.oo-oooo..oo.'.oo_o.oo.o.o.ooo...o.o..oo
FODNNOOTOINRTASOOM NSO M OTHDNO0NAMM 336&896
ADOOCON i F OMON O FIND NN DN DM OO0 M MO 0NN AU O = P 360 00 00 O O
CORONPOP O NN N F Ot F LN F F N NIN O O F 453@998
ARINNE NS E [ EEE000ORNNNRNNNNIAT O ONININIAINE & &
|
| W
A S AN RO M0 o L L 0 00 O LN O 00 BN O O et 1 NN O 1 N N ot N TN o 10D 000 0 10
€0 60 0 €0 60 60 £0 €O €O GO £0 ON O O ot et e peet ot N NN NI NI POV ) 1) oF F o 13 LY LA D 1000 010 10 00 O {0
ORI PROPNCNOOCOPOOOOOOOPOO0OO0OPOOODOOOD
pred peed gl ok 11111111 ot o el e g ol o end 11111.111.1
i
m ﬁ
i
| |




31 CYGNI A

ARCTURUS

LUG F Wl

W

Wie

L0G F

D

LOGgEr—

CEVELS

“ENERGY

_LOW
E.P.

MULT.

oo
~~
L

O~
NN

o3

Sy}

(ole)
vt CN
OO0
el Al
onen

wnn
O~
oo
on
mne

o
O =i
()

Sy

i \O
na
° 0
o
o
oo
L o

P s
00
QO
e

(Nt |
.

D

00
Tolialla]
o 00
ot vt

T8

oo

ok sl ek

— g

O Ot et O

e 0000 000
el el e g g ek ) O

O 00 Oh 2O N
mi®al®alnd e Tos Bt o

PO (AP et 8D et (] et

MO F T

OO0

N

O AR O M= OIM M
N0 O™
00 00 0 0
M~OONINDOOM™M
ND et ot O O wmed o3 OV
walople Jeoks oo do d o
SIS i Vol

MO0 OMO
NO OO \O MDD
POCOOOOO
. o el s e et e ok

iy

1.24

100

= OO et (N e et O

MY OO OO el N CO ¢

MmN MmN aMmManm

DOOOCO~VO

e Ea R e R

-0 0 O0L
Nl 3 T OO i O
e 0 00 0 0 0
et o o ped e g e ek

DO ON
DM ONNO®OO
P el -]

N et md OO O d O

0 i \0 (O i LA LA
0 00 N ON w08 e O
® 0 0 0.0 @ 0

slelolol lalolal

NN O O o vl e od
AC MM
—

DOCODOOMmM
(0 QO ot O e n3" od
M NN -0 O
O MNNO
. el et (] et O] el (N

NN
O NONOO
NN O NN
MO MOO0M™M

SRS gt i S S

FOOTORE
et md NN O NN = NN NN NN N NN
00 0 00 00

SR Sl o L

1O OIS LA ON 0O AN T
PO CON O F N
06 0 000 00
=~ QO =i L LA OO LN
et 0O IO
000000
TalValiaiialialialiolty}

O O P e e e GO
KO 60 0O 60 €0 00 O SO
DOOO0COO

et LN el ped gl 4 L\ LN
. ..

AT O NO®
M0N0 0P
e e 0 000 0 e
ot ol o o i ok comd

MO O~NINO
=l N ONND NO LA T
YO O e O\ O\ ed poed

pood g, g (] el o] o pef

INOMOINONT M
SantantoVi g o Vo]
e 0 00 0 0 00
ek prod et e gt oo eed nd

oM NE OO
OO NG D®

slolelolele lole)
o et G0 o3 L e N ot
Tolaal¥ale JiaRVe o R¥e)
5 00N (N vt O O red
M O A @M

NN BN

PONTNINF T
0 NN NS
ME 2 i e B K o

O OFOF OO

SEEC AR X K JX X o

NOTO OO
NONOMMMNSOM
® @ 0 0 0 0 0
NO NN O
NN OO TN
poed et O O\ et O o (]
TalTaliolialio RT o Vall o}

PPN OOO
seloeloolselotonto do ]
slelelolololols]
ok ek ol b ind e o e

LY et L\ o et LY LY et o g e, e gt
e o . e o

naor~NC Mo OeiONO
[aleelFaliel DTN J N it
" P 9 e 0 0 0 9|0 o0 & 0 0
vk poai ol aned pd = el o oed ot ol pef
OO O0O [oloo Rk & o ]
~OMNINN~N oFn~C
1312211L1 Nt o=l
et et O\ 5 O et et 1\ e et e N O] o O ot
—_ OO O O Nt O 0l LY O I O o i
QNN M F OOV N el N O ed O C
e 0 ¢ 0.0 0 0 9|0 00 0.0 0 0 0|0
el e e g ] o] ] s s ] g e g} O g el
NOT = =0 0 FONINN O N
A== O NDO M= M0 MO0

— ot e

el s el g

DODORODOM
AN OO 00 1
NN O M 0 M
DN O et 0 e N N e
NN M N

NN non

NN OM~ANINNO OO

0OV OOOT

= OO N med NNV N N Nl NI EN NV NI )

e

IR

T OO0
fo Y10
o 0 00
r~mc
MO~
—_—_ QOO
DN LA DA AL

bt el O\ N
ededel
DO
prord mad el d

i 0O OO 0O o e O P 38 (10 0 40 et e NN LA N 00 0 0O 0
O F OB NN Ot i O

N O

O NN O O LA #=4 08 00 0 I 6010 vmmd N (N T el ot © e et LY ek ek O

NMO AT AN OIA T O OF A O NN

bOOOMO0OD
LI NTOOT O

OO E & A
DVONOMND

DR
U0 O~

N

3
N

1(




31 CYGNI A

W

ARCTURUS

. B

LOG F W o

WT.

T T e LOG F

- ENERGY LEVELS

OW
ESP e

-

A

- MULT.

)

e’
o mMm
L

(@la}
- 0O
VO
— N
& =~

nn
~r~
<+ ™
o0
al- g

[ee o)
- O\
"0
< 3

[aple o]
Nele]
e
no
'y
fopllce)
N

[aaleo)
—~N
——
o

- el ] el - Nt it
N N ~ON r~ HANSTOC N~
[ M NN a2} NN O
P @ . * 00 . * 0000 L}
1 vt prd g el - O rdrd ol el o
w0 O Vo 0n BN=~OF O 4
— — ON o PN A M~
e ol ed - —— q
PN O O O\ et s O] NN O ot (N et ot et 8 O\ O O\ N O] O el o e (N el e o] e e ]
M= NDOMNEIND =IO NON DO D e N OO N~
PO == O TP OIMNNN"OT AN e OOND 0NN
O 0 0 2 0 0 3 0|% 0 0 0 0 0N 000 0 Qe e R 0o
(D o e s pod () g g, o s, goeed O (2 O e (O ot e 1ed g oo s sk 0d () O e e O S O O 4
MO s = © N0 NIMA T (= D I O M (AR LA (NGO F NP CO N F N = O NN N O
NFOOOMTOLHFNNAOFOOINOODNNNO MO ONNTM
— el o (o e d mbmben B LT i
MANNONONODNTOOINOMMNNRTOMNMDO OSSN
PP ed O eed NP OM O Nt VO NN AN I i DA 0N
@ 0 0 0 0 0 0 0 00 0 0 0 8 000 0 20 e 0|08 e e 0o
NI MNNTTNTTOMNOMNANTTOMNTTOOMNAONNMam
olololalelolololelololololalolalslalofolololelel ololelelolelele]
KN AD == \O [\ ==L\ OO K N st e N e (Y ON TN N QO N o LAY TN O ol T ol SO O ON
NFONDONASAOAOOONOMONSTOTANONDIND OO
P N =N~ N ONFT OO O im0 NN O0 N OO M NWN
aAAENE S A b aa [aal an B N X S o a s Toa T aa BN R g EX o B fTaRU T s Fo g BN onk o Tt
755555555555555555555555 D ninnnvIn N
ANMSNOMS OISO OROONC N 000 O e =it O 10
PO == N A AT O N il A i P N N O O NN {000 0 O N NS O
MO ONDDONNOONOMNNNMNMMNONMMOOMMOONNOm
NN NN S NN INNN NN VNN O OIN O ONSMNNS O
PO MNORINOMNMINDN~NMNMNNNINAINNS AN AN,
NOT IO TONMOTTOFONOMNGE T IO S NN O DIAN
® 2 0 0 0 0 0 90 0% 0 9 0 00 0% P 9P 0 00 N[00 e N PR
444444444444444444444444?4444444
NODOOCNMMAIOMNMNMOSPOOVONOMMAOTO~NOMOOOONOY
MITATINCTCNOIITOOODOVONNDINMNOCHINNDOONND
0 0 0 0 0 0 P 0 % 0 90 00 00NN o
OOV ~ITFONMFNOTOINMAANOINOOINMMNNSONONM
N O 00 T a3 N0 OO NO O N vt e LD N et K ND N0 D 3 74 o 0O €0 NJOO O NI NI ON
NN IInMmmamMET OO0 T TINMNTIIT~NOTIOIO
NN NINB NN A AN AL NN IO D N ADNIN O NN N DN O
NNV ON OO O MMM ST MNN 00T NNINOOM
NITIIITIEIIN ST InNOON00OO0CO0D0ONNNANNN
o ot e el et o e el ek ek e ek i ok ol d e ok d el o ol read pd grd i coond e ]
pred et ] g g e ] ol (e e e, ool e e o, e, ] gl el ] e, e e, g, e, ] g e e e, g e

1121?111-1
‘e

N CO S e P od ON N €
AN O N
LI I I T )
11110111.

19U

HNOM I NGO
DOMMSNING O
N O\ o g pd d poed

130

N el O ot d O] O\ poed 1

wlnlallats B o lel
NONO = 0NN
e 0 0 00 0 000
el g gt gt (O g g e o

Lell

NN O O et = 0O
CVONOO

OO =l ) O =t
NOOONT O
% 0 0 0 0 9 00

4343443

cCO00O00
T OO~
O™ R0
N0
OF AT O

wnnn e
N =i 0 00 0 =i O
DN \0 O N
~ N0 ~ OO
PP~ OM OO

bl
AONINNON
0 0 0. ¢ ¢ 0 0|2

SEERREE

e lNo R o RVe] SN o
N e () et O
00 00 00 0
ON0INNO N
NO=N 0N
SOV0QNCM
Vonnnnn

DONIOOOC
S S T L)
A emd el pod pomd e ot
rod s i g sed wond el

102




31 CYGNI A

ARCTURUS

LOG F WT.

W

WT.

LUG F

W

LOG gtfA

~ENERGY LEVELS

MULT.

salen
@]

L

r~en
on

L
O
oo
0
nin

N
Qo
b
—

AT P

MO~ O
Sffalagle ol g RaN]
® @ ¢ 0 0 o
et ot el (O omd poed

MY QO = = (Y (N
=N O
foed poed el el ek

o e (] el pred womed o gt

NGO 0
NNOMO OO
* 0 0 0 0 0 0 @
o sl poned () ot O ped

MOMNMSNOD -~
DOVMMUNEN
-

NAF O DO -
= O\ =t (N RO e o
® 0 9 0 0 0 00
SEK N alaaTaaloaloal

LCOoOOROOO
AN ™M
PO NN M D rd =t
NO et (NJCO O QO N
NN O = Oy - 00

NN NN N
NO ) ot O e N e
O O N0 O 00
NO md NV IS
\O M= =101010 0

MR AN &
A0S LN
s 00 0 00 00

N

@ = ONDNOP- O
SO i
® 0 0 00 0 00
NN M e O =
N O MM A3 O
N0 O N0
TalTalVaRNe o XNokh £\ o

AN O M
VORI OO
N T T NI
pimct o e ol e et et ot

ot bl

4
-0

T e
139

6

8

6
157

SEARCR geaeal eley
NN O
00 8 09 a0

NEYO MM

POFOO0000
8 MO e =N QO N
NO 20 M N NDN0 0
POMOONNO
=AM O G

N nnnnn nwn
YelNellaleolVallalloYoo]
D Skiind il e i a
N O e O et e ed O
N XOOO0®

LD P ot P o et ek P
Y N N A
o 8 0 0 0 0

L
N

PO 00 00 =4 \O =4 00 \O
MO NODOND
e & 0 0 0 0 8 0
MOOMSOITONO
NOOIOO -
NoJo UaRTol n Tk N B o
KO0 0000

£O N AN LN O
AN AN NN
NONNONNONNN
et et o e el o 7ol

1.20
1.26
il 32

100
109
125

ﬁllZ&ll

0 00O AN
N O et O] N O o
e 2 9 0.0 0 0

MAS IS

olololelolels]
PrOMnCON0
S ianiat pleedyd
N0 ed N CO 1Y
SEAE gl aRs g ol

LA NN
£0 GO LA 00 10 1A O
e O e
MO \0 =40 O = 0
o0 €0 €0 0O 0 O

T p—Y
I e e 00 N
0 0 0 0 00

N

PNCOOODO
PP A~0O
® 0 0 0 00 0
PO LN N -
M OnO
MOOD =IO
NO O N0 O 0 NN

Tagggoo
DANLALLN O O
INANNNNN
el s o e, ] g s

Fe L

31 CYGNI A

ARCTURUS

LOW

o ped ol o] pd ]
NOwiD O
~annn O
. 00 9 LK ]
ot ol gd ] g oo
omnmnnN ne
N~ 0O
N ot o et

o el ] ] g ot e

Or= 001
NSO
e 0 0 0|0
O\ el ol oed et ©

D =N
D IAS N
N 320
O\ F O
M

44447
44754

SO~ O W
OO et O] () poed
DOOVOM
oNfNNM
NOANNNNN

O MO et N O
N OO0
2 0.0 0 0 9|0
NNANNNN

MO M=
=4 00 o NN O
e 00 0 0 00
MN=OON
AN
NN N0
Db S X e}

=)
N AT

103




31 CYGNI A

ARCTURUS

wmw

OO e B e

W

[0GF W=

o e

~ ENERGY LEVELS

MULT.

1.71

250

N
NN

g
N

e okeo)
——
[aalag)
[alaa)
NN

(s eloe}
s ofes]
.o
NN

NS
o
°e
00 =t
N
O\~
g

N

ped et Y e
.
N0 =0 O"Cm
0 ¥ CCO
L] LN * 00
(D rdrmd | ] poed o
M VO VBT
NN O8O0
o
et e (N O] ool g et gomd
DOV OO
el oL de ol eake o Xo o]
0 0 0 0 o 0 0
-

Q=D C OO

(O 0 el O i N 0
MIFOOMIT T

MOMNMOMSN
PR O~mMoN
® 00 0 0 0 00
(O e e et et =t O\ O\J

NTCOMIN~O
eFOOMAN OO
FHODNNMN T
NN O~
NS

o AN AN MM O
ANCONO®
OPCOIITM
DN O U et
ANANANANNN MMM

N ON et N ON el O N
Pt et N O\ Pl O\ OO €O
R I
MM men

RCONMNMN OO
Ao onNIA MmN
e 0 0 000 0 e
b g AL AR * Lo
OO NANINT
NN O el N 0O F O
INNANINNO0

NOPPOO T
S i

e 6

1.83 30U

476206

6149.24% 3.817 31368

74

Co

31 LYGNL A

ARUTURUDS

WT.

LOG F

W

WT.

LOG

W

LOG gf)

ENERGY LEVELS

W
Pe

-

MULT.

WO el ol | o L\ o —
e . . § .
TN | MO N o
OO | O @oCq
LI I I e 00 LN
el o d et | e poed ] — O\ 1
-0 | OO~ (@l
M~ ONO O 1]
A= AN NN

MmN

vk d el et o] (] oo (N e (] g o]

=T DO O = 0
A0 DINO OO
e % 0 (0 0 0 0 0 0 0
ot d el rd horet el o el et s o prd

OV~ VORI N~ M
N AT OO M= 10 00 O O\ et N N 1O
N et e e ed e e (\] O] end O\

O AN NN O i OO
OO INONONONM{
8 @& a0 0 0 9 0" 0 0
OO O Nt NN

LM 00 0MNMO NN
N OO NN 0 D 00 OO
AN F 0NN OF
I OO OO =N
NN NNANNMA MO

O MOMON~ONN
~FOOOPOITIT T Ot
OF T F—OT T
el e (O PO NS O NN

ONMNNM MO N FNN
el N AT PSR O D
R N N R )

OCOOOPOOTO~OO

~AIFONFONONT M=
MNONDIR =N MmN
e 0 0 o(® % 2 0 0 0 0
NI O 0Nt OO
IO NN NN =t O
NNOONOCO—m O
FEITRIOT ™

et et 06 6 {2 \D A0 80 O O et
ped e gt ed £N] (] 0O) €Y

et et Ll 2

.
ale] oM A
o no n
() () .
rd et g el
no Ny O
=0 M~ -
NN Ll I ]

et poed pd goed d ] e e emd

NI CT A o~ON
OO AN =t F O T ¢
9% 000 0 00
poud s g goeed () e o e

Lol

N et O ONNON D it F ©
DN ONOTND
poe ped e L K K o

valaa B o ol o BE oE oo o)
D med N ON D ot LT 0
0 9 0.0 0 0 0|0
NP PRTNTNTNTN]

e O\ O o P i 0O o
0 & < & M-I
TP
oo =)

=000y
O red NN €
NN AN

2Z00%

~ OO N OO0
[salealpalepteate Moot
ONOMMNS O
B A B oK ol aTo o BN oy
R el e e T R

157170

AOMOOO M|
idad pladndadad)
P00 00000
o sl g ek o el g o

L« 1VU

A OMOM T OO
OVOmtN NN O
e 0% 0. 9 0 0 0
NOOOOMC
00 00 O i .00 0
N et O et LY o (1Y 4
00 VOVNINNY

23Ul

il LA
el alaaloaliatonl ol

104




31 CYGNI A

ARCTURUS

WT. W LOG F  WT.

LOG F

W

LOG gfx

ENERGY LEVELS

LOW
E.P.

-

~MULT.

ol d
ne
)

ole]

pd et

(oY ]

~ N
M
(I
ool g

N~
O
i

15211
o

M~ONOMN
NOoM T
o 0 0 0 0
ot e e et d

~J OO0
OO
ot e o el e

bt pomd O] O\ (] 7t oot gt

NOOMNO NN~
O M-y
e e 0 0 0 0 00
(2 et gomnd o, o g o

== ONOMNO
MO O N\ =P 0
Nt

=4 O
i s

1.69

LN =
ealan
e =t

N rod g et g o e peed

el N e N N ON N
et OnF OO N
® 00 0 0 0 000
Pl pd el e poed ] e pmd

NN = OO
= OV ONEO N O et
) o

NAODOETNNDOTITNNT ONF O™

AN~ IO ONNT TN TN T -

221332?22223344444444344444

33449
29949

o Y00}
O -t

TN
e et

QM
M=o

o el

MO ONN ONN
N oS~
N A0 M O = 1 A CO
CrOO OO0
MO

NN et
N QO =P PO N -
N N e O O
IO~ O00
bt et e ed ek e oed e

TalpdValfalaalaalsnlagl
PROPPrd et OO
e 0 0 2 9 0 0 0
pred o e sl (N NI N O\

Ped et O AT el OO OV
colanliall ST VoVl d¥el
e 0 0 0 ¢ o 9 0
DOVOOINNO N
P~ 0O N md OO N
NOODTNIND
NN NN R

N NMON
INNNN OO

PN A D et O
OO OMNC
OMNMOMN OO AN
Tl dudtalVel g de)
MIETIETE

N ONOM
NN O MO A -
MANO~DNONIMM
POV NANOD®
=~ NN NN NN

et NNO OO
PN = O NN LA A
0 00 00 00
N A MM

I\ e reed 00 €0 O 7ol F
PN o= O\ 0O N3 CO = N
e 0 0 % 0 0 0 0o
adiadaa T Sa Ta V[V Vo)
N o=t O O et O et
RO LY D CO O N O\ i
I AN

NOYVOVXVOO
anl Al Al otV ol d o]
prd s} g g poeed gl gl el

el
NN

Uest1l

D et O
oluiie]
prsd et peed

3%

bond e o e gt e g e

ONC OO
DO NMIANNMIN
I A N A )

.
el OQCOOCD

=l (AN et YN O
RO LY T 00 1N PO 00 e N

ISBSSQQLW

NTOOOFONTNSN
NN ONDM
LN ool e e (] el (N P
[N et e, e . o et (N
NI nnn

216%

B =t U o ed NN O NO
S oa BV Too¥oa G Kl .}
PO~ N I NF D CO et
ONNNONNNN
NN AN

33740

NO=OQ O AN
INOOOODOONM
9090 00 00 00

PO N N

O\ m=d O8N T OO D LN 1O
OMNMD NN O
0 0 0 00 0 o0
NN NG~ N
KOS 3 0O OO S OO et
MMM I TN
i ain

NOONINO O
oo oo NG Yo )
ol emed e e somed s e et o

31T CYGNT A

-

us

A

Ni

WT.

LOG F

W

LOG F WT.

W

LoG gfa

ENERGY LEVELS

W
.P.

-l

MULT.

i v 3" ON)
e 0 0 0
el ok el o

AN
PO
ot el

VINOO
~0 0O
e 0 9 @
OO it ot

il

NN

= ONON NN

e U\ " el

0O Nt

105




31 CYGNI A

ARCTURUS

LOG"F WTe

e

LOG F  WT.

W

LOG gfAx

ENERGY LEVELS

OW
-P.

=

MULT.

—-O
gl
L)

r~en
ne
d el

no
O

L
ot

pooed el pond [ ok ped N

L] .
oA ND oo
INOMA M
e 0 0 0 0 LN )
poed o o gl o g e
DONO NO
=i FOMNCO N
NN N~ O\
N O O = O O et O
SuleolK Lolon Ko g RNoXe o)
NOWN T MO
® 0 0 0 0 0 0 0
e el sk et rmd e e, e
OMOOVOMO
DMANNO0C™N
o pod e e prd e g

N D N et O
[ 3" et 1) 4k et L O
® 9 0 % 8 0 0 0
b s (N e e et el (N

PO O O O vl oot N e
b QO O O
TP =0NO0
1 et O PO P O LN O
aalanlaalanl o alanlonlyo!

et el ed ok et ed ek d
AN AN N
I LN IA IO AN
aalaplaniasloskankenlog!
ot ek e ed ek od el

FO 00 €0 €0 €0 C0 ) O
N0V OVODO0O
LI I T R )
e e end pd g rd pd e

LA O N 00 N
MM OO\ MM O
® 0 0 0 0 0 00
FD CO M~ (N AD MYO™ et
A= O = Ot
N L et ek O LA 00
OO O

'b

U el d pred gt et
.

o Funnn
AT ONO
e 0 0 0 9 0
ot el ek ek d el

L.OFf

[@fedwTNele JTo}
NOIND O
i O

310

= N O =t (N O\l O

N~ 000 OO ™= Q0 e
MAIOONMNDO G
o 0 0 % 0 0 0 0
peed (O gl e e, el (O g

N =t O M= NI O
NN OO0
@ % 9.0 0 0 o
N O OO o ot N O e

=t SO O\ 00 el NV N N
(D == OO w=d MY CO QO O
AN OOADIO
PONO =N
N OO AMNMeN

rOCOOOTN
N O\ N et e ot 03 et
P00 OO
N A N0
bt o od d pd gk md et

NANMOM AN
solloloofoptesfo e pton)
00 000 0
et e o e ek e el

M~ OO VoM
N~ OONCD DO O O
® % 0 0 00 0
N~ ONNSON
NONPMonoeo
DAL Eid b
N0 OO 0 NN

= OPTODOD
NN N0 O VOO

I.65
1.66

al

204

N o (N ot ted O\ ot gt

MO OO F N
MNNMOMNOWN
0 0 00 0 00
proed ] g g g ] () g
|

DOO0OMO00
NOODINO wn
prond ool g g e o

RPOWINM O~
sol loole sl NoNle l Tl
e 0% 0 2 0 0 0 0
el e ] ped (O " el

PO O et et O NI
VOO0
A i 0O
M 00 0N D
MY A O M N F

D=0 NN M e
et () e e () ot roed O
OO TON
NN OO
ﬁxlllllzz

MNoeMINOO®
RO OM
e 0 0 0 0 0 00
11111333

NO N O N C0 0\
celNoloolNolo Bt LN o
e 8 0 0 2 0 0 0
PN O O it
OO N OO~ O\t
N I O
TallaRVaEL i S e BN 4

0O O i O
=~

NETETEET P TNTNT

IO T el OO MO UN
MY 00 1O O\ 00 el ) o
e 0 0 0 0 0 0
poee e, e e () g poved v 4

MY ARSI O
DONMMA Ot
poed g : —

N~ M= OO O
N O PO N0
s e 0 00000

SRS sl eVl s Taalog]

seleol i o lag RN olo0)
OONANMFO
PRSP D O
TN

DD MNMON I
£O O = rd =t O F* OO

bkl ateole ol
NOANANANNANNN

NDFOORDTD
i 10 00 F1A O
® % 0 0 0 00
aalaalaaloalaaaaleatsal

NN MO0 AN
® % 0 0 0 % 0 0
00 \O LA O N ot N CO
R LN et QO #med © vt ON
oM~ 0OMNOO
SRS S S b VRN o

00 00 €O O 0O meed e poed
N OO it

66868376m568

TS
1.45

140

NI TS NI

2 Nt 0N O 0O N OV
N =M NN O O TN

10 O vt (N
PO LN~y ON
¢ 0 0

MRS B g

OO
FOMF OF
~ONMAEMO
OOPODOO
N AN

O O ) F N
N O 00 MO OO

INONOoOOINOCMNODOM

NOXOPIPIPRIOO
N NN NS

DM OOCOMY
Mo O O
e 0 00 00 00
halaalaloalialaalog]

O =t A0 =t D LA CO AT NI I i CO LAY

FONmFPON

NI O~ P = O 01
bt ot A0 0 P LY ot e ¢
070 O 00 I OO
N DN

pond o el g
=t oo rome pmed
e e ot vk

pod gl med (]
pud gy e
poed e e emeed

F O niIn
O OIn

AN

Ue OT

N
-
ol

L 53

106




31 CYGNI A

ARCTURUS

R

wWl.

UG F

W

[0 F W

LOG gEx

ENERGY LEVELS

W

B 5
E.P.

MULT.

l.44

140

- N
N~0
° o

(aalanl

(@ ]e)
O M=
° 0
[aalas]

N~
s
LN
P -t
e
8 -t
&

T3
et et
ol 1t

et et d od (NI O OO

N~ OoOo
(0 et 3 O 1O o 1 e
60 0 0 0000
(2 O ek pr s g g

NOM®INOMN
71261697
-~

N0 N DO N
O ONND
¢ 00 0 0 s 0

ANt NN A

NO NI ) 60 TN ~d =i CO
hO = OO LA PP N
N et (N O\ et el () 2
SICIC o Yo Yo Yo )
BRI R

NOR—=OOON—
POVONVVO
Puuninnningn
oplsclesjopleefbelecolioy
ANAJANANINANAN N

R O+
N O O NIAN O
e 00 0 00 0 0
MM AN M S

CONAN~ NN D
NOM AT IND ~
L I I S I N
IO NN NO N
SO Al s
KO M0 D0 O
NO 0NN N

LA O P O O et et
et O N N PO 89 01 01

v el el (O LV LN

TOFNOOC
-0 NNm
o0 0 0 0 0
e ]

NNONON
AN ON
ol O O\ e ot e

N OO N OV el ot O

N0 OO
SNERRU
2 0 0 0
bt vl o g

N O
PO i O
* ® 00
red o g

MINNIND S O
BO N (= O O =
o el e

NN OE NN
MO0 M NN
* 0 e s 00 00

M FMN

- - 0O LA B0 N N 1)
aalaptTal e S oY)
LOV LN et et WO N 20 PO
COTTORON
FRYTaRC X gVa R TR

Pt O\ et ot ON gt O ot
O ONCO O e O\ et O\
I\ = MO MO M
oo
NN ANMAN Mo

NN MM O M
NN O OM OO0
" 0 9 00 0 0 0
MM MMM A

PN 00 e F T O
N OO - N0
® % @ 0 0 0 0 0
NAON FOonn
LY et OO 06 00 et 3 N
M~ORNOODROOD
N NSNS

U alaalaa BT lr o}
MAT T
et ol rd e d ol

N OTOOORNTIOINODTITT
PONDPDC OO rd vl o o o o 4
NOANANNNOMNMAOOM A Mam™m

INOINDDXCAMEDOMTNINOOCO
NDOOVDOOVDDIDMPDDO D
90 0 0 0 0 0 00 @0 000
MEAMAMNMAAAMMANMAMH Mo

K PO R= OO N O et (N 1 O el 80 - 06
N O DO O O 4 M0 e (AP I
® 0 2 0 0 0 9 |0 o 0 ¢ 0 2 0 0
MO OO O et F N IALN O el N AN
A0+ O 00 O (1 O A e 06010 00 0O OF (1
NP FOODMO T ONND

N NN N

MO GO ON e N O 1Y T
N O0000
prod et e sl e s ] ek

45@55555

AN A O
o~ o000

el i | e 3 151511 w
. . . .
mne N~ OO N NG
Noltel M| O O NN M
.0 L] oom. o 00 % 0 0 L]
] ot | g gl el e o ol el | el
~o Ol AN O OMNDOO= N
N0 N O I COMOE~ N
O et | Ned N dmdged N e
1111T2111221411112111221.
0 N CANDF DN OO ININDOCMO0ME
OO Ot Nt QAN DA AN O OO
e 0 9 0. 2 9 8 00 00 20 % P 0|0 2P 00 ® 0
pred 3 e o e pred g i g prd ol (O 4l O QS e QO O S O
[0 () WO 00 ™ 13 11 (5 S 13 10 < (LA £ 60 60 20 0 O
M DO DN IO DN N (AL N e ON e F O LN oF (NI
et - —
e N Y O P I et 0 1) 0 gk et TN 000 O LA D (N O e el
e IS O e et 30 NO N N O L N el I (N d o3 00 OO L O 4
@ & 0 ¢ 0 @0 % S0 0 0 9.0 0 0 0|0 @ 8 0% 9 8 O
MM T NN O NI TN MMM
KO NI P ot £ O ot I 40 30 O~ N0 0O - N0 1 LA F P O
O CA NI 00 F 1Y (DO =t © O\t OUA 0O i 1O 0 LA OO
M O NN F OQIAR T SNAMNAMAMMNONNON T O
DONODONCRONCORT~DOOO0O~D
OO IN G S NN INO NN N NI QAL NG
ped ON et 0N ON N 00 0N D 0010 = =t N O NN NV OO NS TN 60)
£O =t 0 \O A0 ~0 mmd i 10 NV CD 00 1 F - 3 1 < 00 C0 00 G0 QO M~

SOOI
= NN N NN N

DO
nlogejelelele]
(I

v
BEE L. RN L o L

o
o

10 O N
) N 01 et
e 0 0 0
Yelfgleo] ]
N~ AN
=i 0 O
alalially}

N QO O\l el
OO
e 090
O F il T
ONeO
OO F N

N O
w PP
NN

O N0
= O\ NI
NN

0% 39

VALNDO 1O

L

10

Jell

TE L

alaabalaatalalasbaaly

cer

107




31 CYGNI A

ARCTURUS

TG F W

W

[OG F R o=

W

LOG gIA

ENERGY LEVELS

LO0W
E.P.

—MULCTS

olTal
on~
L
Ll ™

AN
N~

PO
>N

.
[aalaa}

eelia}
(Tl
— i
o Xw)
NN

[aalaN]
N
O -t
oM
aaleal

&

- O
o,
()
Nelia!
~oy
i O\
00

eoleo)
NN
NN

ool end st eed (] peed o g

MM NMNOO

(0 Q0 md O (N md

e 0 0 0 0 9 0 0

DOO~T OO
7

=T ONMOOO
N M —

INOMINDINO O
MO MM NO
00 0 0 0 0

MANMAMNMOT N

NS ONANMND
et O P AT
NMMAND DN M
OO OOCTO
N F S nniinn

NN~
ot [N e ] e gt N O
raON O e = O N S
oMM
anlaalaalaatoaloaloatag]

OOARPOONI®O
poed O OO oyt meed O 1N
o 0 2 0 0 0 00

SR R s i

NMNMNOONMNT
O md N OO N0
e 0 0 0 * 0 00
ND red CO O\J 1 LO\ et ()
RO sl e COF OO M
Pt et omd \O WO COMN- O
NOND O NN AT O

PCONN TN
S halaaloalealea oI 4
NN NN

L sl et gt 4

NN OO
~ONNO
LA
o el eoed et

l1.16

2laais'lag}
PO~ OO0

vl ool

82

oo ot o (] ool pod g gt

ONINANNMO O
~ 0000
0 00 0 0 00
Doocbocoo

N OO LA QO ON et
OO NN NS N

ML OO FODOIN
OO N M O
L I
A aalaalalaalaateal

P ONONT O
LAV N N o d 0 O
= O\ ==t D N A0 Ry
TOCCONCT =~
OO D

=t O el 0OV O OO ot
DOOVOVOO
IO O = i LD
MO & en
MAMMA MM

A O M0 O LN
bt (N N N N e
* 0 0 0 8000

UK U

= FOIMOOO®D
O AN D =l OO
e 0 0 0 000
NrOOMO DO
00 O A M ON O wed
MANO=~NOO
YoRlefRe Voo RN o Vo]V o}

OO
N NN
NN NN NN

0.93
.46

48
143

e ek e e gk

ol e
e 0 00

COOm

Ue5Y

15057
Ndahal s

N QO M 00 et
D ONOM
e 0 0 0 0
afaalaalaates

i I 00 4
OO
RN
N = OO
AL A

et ek O O et
DOIPMO
N N0 O
salaaloalVa Vs
aalaaloalonlag]

LA O N N
poed st el F* L0
¢ 0000

SRR

MO MmN
PO\ el O o )
0 0 0 0
N\ el 06 L\ ot
RO O
MO0
N O

D
NN O~
NN NN

WT.

31 CYGNI ‘A
LOG F

W

WT.

ARLUTURUDS
LOG F

W

A .. .. ]
LUG gf)

ENERGY LEVELS

W
oPe

Y

MULT.

E

L

q

N o i

oM O
0O

LI
P ped poed

JTule)
0 I~ 0
0 O\ =t

N d ol

020
OV F
L)
ot ok v

waia

Lol

o el

RO
1) ot et
L I ]
NN N

NN N

108




..... S - | e Lo Sl
o ARCTURUS 31 CYGNI A
MULT. A E.P. ENERGY LEVELS LOG gf) W LOG F WT. W LOG F WT.
2 4810.53 4.06 32890 53672 4.54 75 1.20 1
2 4722.16 4.01 32501 53672 4,36 68 l.16 1
Sr I
- ARCTURUS 31 CYGNI A
MULT a oo x o E . p e, " EN ER GY £ LEVELS LGG g fl SPSEPO—— w - —— L OG F w T 3 il w ...... LUG F WT .. oS SRR S R |
2 4607.33 0.0 0 21698 3.09 102 l.35 2
5 4811.88 1.84 14839 35675 3.75 42 0.94 1
Sr &
ARCTURUS 31 CYGNI A
LUW
MULT. A E.P. ENERGY LEVELS LOG gfA W LOG F WT. W LOG F  WT.
. S5 3 5. N . 1 U 2A5TF _2.83 655 2.21 2 1180  2.46 1
Y<X
ARCTURUS 31 CYGNI A
Sallt - ANS 20538 . .72 . . FOREEE L. . 2R e REL P
MULT. A E.P. ENERGY LEVELS LOG gf W LOG F WT. LOG F WT.
2 6435.00 0.07 530 16066 2.22 32 0.70 1 95 3+17 1
£ OUZLI4%1 UsU U LODOY1T 120 O Ua UL 1 U Ue OZ &
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LOW ARCTURUS 31 CYGNI A
— . 408 — LEVELSWMWKUGmngWMWWW.MWAum[UGMQMWWT;"M. e
o
43 4805.87 0.68 5541 26343 2.64 24 0.69 1
45 4241.69 0.65 5249 28818 3.43 66 Lal9 1 165 1.59 1
47 5664.51 UO.63 51072 PA A & § Cnild Z21 U206 1 85 1.18 1
Zr © T i
LOW ARXLU TURUDS 31 LYLNLI A |
MULT. A E.P. ENERGY LEVELS Loc gfa W LOG F  WT. W LOG F WT. |
b G R v ) £ [ G ¢ [ g N __v,,._A,279..84. > 51 110 Y%7 1 >3 e S, f
16 3998.97 0.56 4506 29505 3.10 115 l.46 1 204 ot i 1
40 4317.31 0.71 5753 28909 ‘216 65 1.18 1 130 1.48 1
41 4208.98 0.71 5753 29505 3.08 101 1.38 2 220 112 1
b
: Mo I ARCTURUS 31 CYGNI A
Ly
MULT. A ExP. ENERGY LEVELS LoG gfa W LOG F WT. W LOG F WT.
4 5570.45 1.33 10768 28715 3.19 40 C.86 1 85 ke 18 1
. e ds L] e I e — B " SR, . . i as LR :
5 5751.40 l.41 11454 28837 2.63 6 0.02 1
104 Ba I ARCTURUS 31 CYGNI A
MULT. A E.P. ENERGY LEVELS LOG gf W LOG F WT. W LOG F WT.
7 5971.70 .14 9216 25957 3.69 3 -0.37 1

111



‘Ba I

31 CYGNI A

ARCTURUS

LOG F  WT.

W

wle

LOG F

W

LOG gf)

ENERGY LEVELS

0
E.P.

-4

MULT.

] ped poeed el

[t Ta N o
~O WO
o e a0
OO\ el =t

nNC OO
00N
DTN

=N

omMmunm
i Eaa)

o800
o et o e

N ed O
M~ 0N
OO et et

(o]e)
QOO0
000

cooo

O
O w0
e ® 0 0
TS0 mMm
naon
Fale b ool
0N

ot ot O\ TN

31 CYGNT A"

ARCTURUS

a8

WT.

LOG F

W

WT.

LOG F

W

LOG gfA

ENERGY LEVELS

1=

-

MULT.

pd g ok e L e e

.»5

(el d Tt RS o p e o]
—~FOr~ OM0
s 000 vie e
ol e e e e e

1.39

NooN o™
OO INnMO
—d oy NN

L

b e e e (] e s el s g s s, o

A NANNONCNIOON
P F D A DU O S
0 0 0% 0 0 5|0 0 0 0
Ord et DO Qe ed O ed O

! L |

i OO o VAt et F AN (A
P NAONSTNINS AN
o — et el H

Y N N O PR O8I 0L €O
NNONOOIFTFIIIFMOoOoOnN T
® & 0 0 0 0 0 0|0 0 % 00
peed 0O md O] ) o el sed () O] o O O

NN O ONNONIAN D
K D et O\ et 0 S F el 00 i O
KON S A= 1O 00 O N
e N 3 N0 00 O\t €0 \O =t OO 0O
NN O N = NN N NN N N

DO ¢ TANNNDOOD MM

foado Yo ke Yo Yo NSV PFTNT N
MMM NN
ot el e NN OO PO OO O

AN O O mit
(D © il 1t 60 MY CA L F e N O
O 0 0 8 ¢ 0 0 0|0 0 0 0 0

POCOCOOOOPOOOD

O N el LA D M AN O AN N
AP AU 3 O O MO e i
@ 90 0 0 0 0 00 00 0
F= 0 OO N ME0 M0
N NN N O O MINN
NOMATMNm M ROANMANN
NSO TN ONNMT O

00 O NN 100 D el O(A
112233314456

31 CYGNT A

ARCTURUS
LOG F

Ce I
LOG gfa

LOG F WT.

W

WT.

W

ENERGY LEVELS

OwW
E.P.

-l

MULT.

B~0
O
L
d g

0N

0.38 6968 29592 3.68

4418.78

132




31 CYGNI A

ARCTURUS

-

BT |CHE " § pm—

LoG gfA COGF WS

ENERGY LEVELS

R S
E.

W

l1.16

77

o

-0

oke)
O~
~
Tal
NN

N
-\
o~
M~

™0
AN

0
(ele)

cel o
el
()
o
Al
aalsV]
wnwn

[aalfal
— i

o

MOON
OO~

N OIS
LI B

MO0
o0
NMOY™

-
.

d |

laals el

poeed el oo ped

L O -
e o pd N

olal lel

Q0 el 0
N 0™

NN
HOON!

aalaalaslag!

MO
MANO N
SININTLY]
N OO
N0 O

NIy
adealaVE

NFANDNO

elelele}

N O et O
AN

e 0 0 0

N

MOMON
AL

Pr I

31 CYGNI A

_ARCTURUS

W

WT.

LOG F

W

LOG F WT.

LUG gfA

ENERGY LEVELS

a
E.P.

-

MULT.

1.42
1.30

134

1

1.07
0.93

60

2.82
2.60

0.95 71660 27128
U.65

133313

37

1UD

S5

291D

2226

5292.63

37

A

31 CYGNI

ARCTURUS

Nd I

WT.

LOG F

W
e

LOG F WT.

W

LOG gfA

ENERGY LEVELS

0
E.P-

-l

MULT.

L ]
o el o}

1.61
6
6

N
MO+
—\] #

Dt F O
0 04
(L I I )
[aVE Taa o]

MO
O N
NoJaVE i o B
O w0 OV
NN NG

[aalanly ivy}
=t O 04
nnown

aalat]

0 O™ 0N ¢
coTrm
O
OO0 CH

[aak el
OO
L
O i el OO
N\ =i O N
noOoOmMm
Rl i

OO
ot g

gFonat 0

O N0
¢ e 0 00 o0

NOF~¢ ON

HENNAY MO

b g et g o g e o

NN O M

HOPITONNNM

® e 000 0
fed gt () e s, g et

et O\ OO AN ON O
VD U N P g

I O O O O 0 O
RN F AT
® 6 9 2 0 0 0 0

N O = NN OOt

0 YN NN el O
RO on
DN O =i F O
OO NN
NN N NN

nooN~OOM®
O NN0 NN O M
N0-0000OY
N et i ) ot et €

NOODOO®IN
MONNANNMN
s 800 0 000

DOOQOOCO

OO O
NDD 0O

113




31 CYGNI A

ARCTURUS

[0 F WT:

,W.mm

[OG F Wl "

W

LOG gfx

ENERGY LEVELS

-

L
A E.p.

MULT.

nun
S e}
L

oo}

el

U.45

16

24134

6931

5811.57

78

Sm

31 CYGNL A

ARU TURUS

WTl. W LOG F  WT.

LOG F

W

LUG gfA

ENERGY LEVELS

OW
E.P.

)

MULT.

1.48
1l.24

130
79

ol o pd et

O il 3
oND
¢ 0 00
ot C O

O i Y ON
[Tl RN foa)

oM O
NNNO
L)

NANANN

NN
omTN
M~ AN
3OS
NN

MO
NO OO
Moo
NN

Foownn
Ot
N
o000

~ O N
OO
9 "8 8
Nelo NN
~a~-o
oMng
IS U

e
TN

O O —
Med O3
() o0
o poed g} grd e

D O
DU NN -
et o et el

NN O S
colaallal S Tol o
e 0 e 0 00
NN NN

MO DO 0
POROOMNT
MMND O N
TalTals dValtalle}
N OO N O

om0
adbaalialglepleo]
NNOON ™M
NN M

(00O M &
VeV alap kS ¥
()

POCOCTO

31 CYGNI A

ARCTURUS

T S —

LOG F WT.

W

WTe
1

LOG F

W
264

ENERGY LEVELS LOG gfA

0
E.P.
0.0

—d

MULT.

1.81

3.31

24208

0

4129.70

1

114




Gl ARCTURUS 31 CYGNI A
MULT. A %?g. ENERGY LEVELS LOG gf) W LOG F  WT. W LOG F  WT.
115 5140.84 1.57 12704 32150 2.95 28 0.74 2
A ARCTURUS 31 CYGNI A
_MULT. A E?g. ENERGY LEVELS LUG gf) W LOG F  WT. W LOG F  WT.
2 3987.98 0.0 0 25068 3.18

55 l.14 1

97 139
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