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A Dynamical Analysis of the Observed Time Residuals for Eclipsing
Binary Stars (174 pp.)

Director: Thomas E. Margravefjé%ﬂ/\

This thesis presents a method of analysis for determining the
masses and dynamics of unseen companion bodies whose presence
about an eclipsing binary star may be inferred from the cyclic
variation in residuals of the observed times of eclipse. Applica-
tion to the eclipsing binary system RZ Cassiopeiae indicates that
the observed time residuals may be the result of the motion of two
unseen companions of spectral types M3-M5. Included are FORTRAN
computer codes which predict future eclipses, create and manipu-
late 0-C residual data files, and fit observations with a theoret-
ical 0-C residual curve generated by a three-body dynamical
interaction model. A tabulation of time residuals is given for
fourteen eclipsing binary stars.
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CHAPTER I

INTRODUCTION

An effect of companions on eclipsing binary stars

It has long been recognized that the presence of unseen companion
bodies in motion about an eclipsing binary pair could result in the ob-
served deviation from predicted times of occurrence for the binary
eclipses. The gravitational reaction of the central pair of stars to
moving companions would cause it to wander with respect to the center-
of-mass (COM) of the multibody system. This wandering motion of the
eclipsing binary will cause its distance from the sun to be variable.
Since the speed of 1light is a constant, the amount of time required for
light to arrive from an eclipsed binary pair is directly proportional to
its distance. The variation of light travel-time with distance is ex-
hibited in the long term variation of the residuals found by subtracting
the expected time of eclipse from the observed time of eclipse. The
light travel-time effect has the underlying assumption that the period
of revolution of the binary pair about each other is constant. Any
radial motion toward or away from the sun that the entire multibody
system might have will be constant and thus adds a constant amount to
the intrinsic period of the eclipsing binary pairs without affecting the
amplitude of the period variation.

While the 1ight travel-time effect has often been postulated to

explain the historical behavior of certain eclipsing binary systems, no

1
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method of analysis has yet been devised which describes the masses and
time-dependent positions and velocities of the possible companions which
would account for the observed residuals. A method of determining these
parameters by applying a technique of fitting the residual curve using
dynamical models is developed in this thesis. The method is then applied

to the eclipsing binary system RZ Cassiopeiae.

Abundance of multiple-body systems

Before suggesting the existance of companions to explain the time
residuals observed for the 1ight minima of eclipsing binary systems,
it is worth considering whethér such systems are 1ikely. Choosing as a
representative sample of the galaxy's spiral arm population, the 253
stars found within 10 parsecs (32.62 1ight-years) of the sun, 42.3% are
found to be single stars, while the majority (57.7%) are members of
multiple star systems. It seems probable that less massive dark compan-
ions would be associated with stellar systems in even greater abundance,
since the greatest gravitational interaction experienced by any one
companion would most 1ikely be due to the central pair, while the other
companions would only offer secondary perturbations, and gravitational
stability of the system could be expected. B. M. Oliver (1972) lists
examples of several stars known to have dark companions, either through
astrometric or spectroscopic studies, and concludes "that a more or
less continuous spectrum of systems exists between symmetrical binaries
at one extreme and single stars with a giant planet, or planets, at the

other." Apparently, multiple-body systems are the rule rather than the
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exception, and it is.-quite plausible to hypothesize low-mass companions

about the central pair in eclipsing binary systems.

Binary star classification

Binary star systems can be classified in one or more of several
catagories. Stars which appear on nearly the same 1ine of sight yet are
separated by such large distances that they are not bound gravitation-
ally, are known as optical pairs and are of little interest. Visual
binary stars are also resolvable but are indeed bound. Their motion
about a common barycenter, or two-body center-of-mass, is usually well
described by the laws of Kepler and observations can yield a determina-
tion of their orbital elements and masses.

For many binary systems only one point of light can be seen due to
its particular distance from the earth and spatial separation and the
relative luminosities of the component stars. One classification of
unresolved pairs is that of the astrometric binary. Although these
systems often are relatively close to the earth and the apparent magni-
tude of one body is beyond detectability, the presence of the dark
companion is seen as a wavy displacement of the visible star rather than
the linear proper motion expected for a single star when sky photographs
that are taken several years apart are compared. An example of an
astrometric binary is Barnard's star. Explanations for the observed
motions of this star have been offered which postulate the presence of
one (Van de Kamp 1962, 1969 ), two (Van de Kamp 1969b), or even three

(Suffolk & Black 1973) unseen companions whose masses are comparable to

that of Jupiter.



Spectroscopic binaries are those whose spectra show a periodic
doppler effect. Much information about the projected orbit of one or
both stars about the system's COM can be derived by noting the temporal
manner in which the spectral lines are shifted towards the red as a star
recedes and towards the blue as it approaches the point of observation.
Binary stars whose motions are in a plane other than the plane of the sky
(i.e. the plane whose normal is the line of sight) will have radial
velocities with respect to the earth and might be expected to exhibit
such a doppler effect. A maximum doppler effect for any system occurs
when the system's orbital plane lies along the line of sight to earth.
These systems are particularly interesting because their orientation
causes each star to periodically eclipse the other and are thus referred
to as eclipsing binaries. Since eclipsing binaries are also spectro-
scopic systems, information about the relative orbits and masses of the

stars can be determined through spectroscopic analysis.

Eclipsing binary star light curves

The variation of the brightness of eclipsing binary stars is conven-
iently displayed by a graph depicting the system's apparent magnitude
versus time. Usually referred to as a light curve (figure 1; Rossati,
1970), it is characterized by constant brightness except during times
when eclipses cause a reduction in the amount of 1ight reaching the
observer. Since the two stars may be of different absolute magnitudes,
alternate eclipses can differ in depth as measured from the near con-
stant brightness seen during times outside of eclipse. The deeper or

primary eclipse occurs when the brighter star is eclipsed by the less
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bright star. The secondary eclipse occurs approximately one-half period
later when it is the less bright star which is being blocked from view
by the brighter star. Since the light curve is repetitive, the period
can be defined between any two times with the same relative phase.
However, by convention the time of zero phase occurs at the midpoint of

the primary eclipse.

Predicting eclipses

When the period (P) of an eclipsing binary is well defined, the

prediction of times of occurrences of eclipses (T ) can be made simply

calc

by extrapolating from a known time of occurrence ( ) of a past

Tknown
eclipse.

T =T +E*P (1.1)

calc known

The epoch (E) is necessarily an integer indicating the number of events
which have occurred since the known time.

The linear elements of this expression (i.e. P and T ) are

known
occasionally revised for binary systems which display apparent variations
in eclipse period.

The difference between the observed time of an eclipse (0) and the
time calculated from the linear elements (C) is referred to as an 0-C
time residual. A plot of 0-C residuals against time, in years (appendix
1)}, or against epoch number, shows a temporal history of the system's
eclipse period. The sign of any particular residual indicates whether

that eclipse occurred earlier (negative) or later (positive) than pre-

dicted. The slope of the 0-C curve shows whether the eclipse period at



that time tends to be shorter (positive) or longer (negative) than the

value of the period chosen for the caiculations.

Variations of eclipse period

The period variations exhibited in the 0-C residual curves of

eclipsing binary stars may be classified as being either continuous or

discontinuous.

Continuous variations. A possible explanation of a continuous variation

which is periodic could be apsidal rotation. If the relative orbit of
the eclipsing pair of stars is an ellipse of eccentricity greater than
zero, then a rotation of the line of apsides is possible. The effect of
the variable orbital velocities associated with elliptical orbits com-
pounded by the rotation of the orbit is to produce a sinusoidal variation
in the 0-C curve (figure 2). Observational evidence for apsidal rotation
is found when a graph of the time residuals for the secondary minima has
the same shape as the graph of primary minima residuals but is of the
opposite phase (Wood, 1950). In such cases the secondary minima will
oscillate about the 0.5 phase point of the 1light curve with a period
corresponding to the period of apsidal rotation.

It is interesting to note that a light travel-time effect also is
associated with these systems. The spatial excursion of the point of
eclipse, however, is relatively small. Typically this effect has an 0-C
amplitude of less than one minute during the cycle of apsidal rotation
and therefore may be considered to be of minor importance.

In other cases in which the 0-C curve shows continuous variation,

the secondary minima residual plot again shows the same form as the
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primary minima residual plot, but the phases of both curves are the same.
In such cases the secondary minima remain fixed halfway between the pri-
mary minima, further excluding apsidal rotation as an explanation. The
continuous variation exhibited by the 0-C curve may then be attributable
to the presence of a third body in motion about the COM of the entire
system. The displacement of the eclipsing binary stars with respect to
the three-body center-of-mass is observed at earth as a light travel-time
effect. Translation of the three-body COM relative to our heliocentric
coordinate system will cause a difference between the observed eclipse
period and the absolute period. However, since this difference is a
constant, it is of little consequence in a study of period variation.

If there is more than one periodicity in the 0-C curve it may be neces-
sary to postulate the presence of additional bodies to satisfactorily

explain the nature of the system.

Discontinuous variations. The second category of eclipsing binary 0-C

curves is characterized by abrupt discontinuities attributed to sudden
changes in the eclipse period. The explanation for this is mass ejection
by either or both of the binary's components. According to Kepler's
Third Law,

(my+m,)P® = a (1.2)
where my and m, are the masses of the components, P is the orbital
period of revolution, and a is the average linear separation between the
components, & change in period can be caused by either a change in
separation or in either body's mass. F. B. Wood (1950) has shown that

while the ejection of mass can only provide an increase in period, the
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eruptive force of this action working within the gravitational field of
the other star can provide either an increase or a decrease in period as
a result of a change in the separation, depending on the point on the
star's surface at which the thrust acts. He concludes that the greater
effect is ascribed to the explosion with less importance given to the
effect of mass 1oss and points out that sometimes the two will reinforce
each other, and at other times they will cancel. Quantitatively, he
finds that a mass loss of about 10'6 solar masses (M@) can cause a period
change of one second in a typical system which has a total mass of ZMQ,
a period of revolution of about 2 days, and a mean separation of 0.039
A.U.

In cases where the mass loss model is applicable, the primary and
secondary 0-C residual curves are effected equally and maintain the same
phase as they do for systems classified under the unseen companion hypo-
thesis. Therefore, for systems whose residual periodicity is not well
defined, there remains some ambiguity as to which of these latter two
groups it belongs. It seems likely that perturbing forces of a multiple-
body system acting to change the separation between the eclipsing binary
components could also cause sudden jump discontinuities in an otherwise

periodically varying 0-C curve.

Selection criteria

The intent of this study is to investigate eclipsing binary stars
whose behavior is explained by the unseen companion hypothesis. Select-
ing suitable stars for analysis began with a search through the Flower

and Cook Observatory Finding List of Eclipsing Variable Stars (1963).
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Attention was given only to those entries which are noted as having
variable eclipse periods. A further selection criteria imposed was that
of observability at latitude 46.8°N from early July until the middle of
November, the operating season of the University of Montana Blue Mountain
Observatory. This allows for continuing investigation at that site of
any stars determined to be of interest. An upper limit to apparent
magnitude was set at 10"5. Table 1 shows the uneclipsed apparent magni-
tude (mv), the depth in magnitude of both the primary (Pri.) and
seco?dary (Sec.) eclipses, and the orbital eccentricity (e) of several
candidate stars selected.

A literature search was begun with an initial objective of finding
the published values of eccentricity of the relative orbits for each
candidate star. Systems with an eccentricity greater than 0.10 were
considered to be susceptible to apsidal rotation and were excluded from
further consideration under the multiple-body hypothesis. It should be
noted, however, that a study of the secondary minima behavior and a com-
parison of the secondary minima 0-C residuals with those of the primary
minima might reveal that apsidal rotation is, in fact, not evident. In
such a case, a system would warrant further consideration for application

of the three-body analysis.

Observed times of minima

In order to determine whether the period variation noted in the

Finding List mentioned above is of a continuous or discontinuous nature,

it next became necessary to assemble a list of observed times of primary

minima to be used in plotting an 0-C curve for each candidate star.



TABLE 1
CANDIDATE PROGRAM STARS

Star m, Pri. Sec. Ref.
KO Aql 875 1Mo o™ 0.02 1, 2
RY Agr 9.0 1.3 0.1 0.00 1, 3
BF Aur 8.5 0.7 0.7 1,
447 Boo 6.5 0.6 0.5 0.00 1, 4
DO Cas 8.5 0.4 0.1 0.13 1, 5
RZ Cas 6.4 1.5 0.1 0.052 1, 4
TW Cas 8.5 0.6 0.1 0.071 1, 6
U Cep 7.0 2.8 0.1 0.47 1, 7
XX Cep 8.5 1.1 0.1 0.14 1, 8
U CrB 7.5 1.2 0.13 1, 4
SW Cyg 9.5 2.6 0.30 1, 4
WW Cyg 10.0 3.8 0.1 0.00 1, 4
TH Dra 7.5 2.3 0.1 0.027 1, 4
TX Her 8.0 0.7 0.4 0.00 1, 4
2 0ri A 3.0 0.2 0.016 1, 4
Z Ori 10.0 0.9 0.1 0.23 1, 6
AT Peg 8.5 0.7 0. 0.024 1, 9
RT Per 10.5 1.4 0.2 0.043 1, 6
U Sge 6.5 3.6 0.035 1, 4
A Tau 4.0 0.5 0.1 0.055 1, 4
TX UMa 7.1 2.2 0.162 1, 10
References:

1. Flower and Cook Ob., Finding List of Eclipsing Variables.
2. Ap.J., Vol. 102, p. 470.

3. A.J., Vol. 56, No. 1, p. 3.

4, Lick Observatory Bulletin, No. 521.

5. A.J., Vol. 71, No. 1, p. 44.

6. A.J., Vol. 76, No. 6, pp. 547-8.

7. Obs., Vol. 69, p. 203.

8. Var. Stars, Vol. 12, No. 21.

9. P.A.S.P., Vol. 84, p. 432.
10. P.A.S.P., Vol. 52, p. 287.

12



13
This task was greatly simplified through access to the University of
Pennsylvania's eclipsing variable star card catalog, which is a rather
complete Tist of literature references categorized by star name. More
than 200 journal articles were reviewed in varying degrees of thorough-
ness and a total of about 1400 heliocentric times of minima for 14 stars
were compiled chronologically (appendix 1). These lists will remain
archived on magnetic tape at the University of Montana where they will
be accessible for future related investigations. Included in the lists
are two photoelectric minima of RZ Cassiopeiae (Margrave) and one un-
published minima of AT Pegasi from observations made at the Blue Mountain
Observatory.

The process of compiling the data 1ists was accomplished through
the execution of the FORTRAN computer program code FILCHG (appendix 2).
The information is written onto a disk file to facilitate further data
handling. Since the code has been designed with full update capability,
the data files need never be considered closed. As more eclipse times
become available, either through additional journal research or through
observation, these can be added.

The 0-C time residuals corresponding to each observed event are
determined by the linear elements of eq. (1.1). The set of values for
0-C, and thus the shape of the residual curve, will depend on the choice
of ‘both a known time of primary eclipse occurrence (Tknown) and the
assumed eclipse period. The values of the periods used to calculate the
files found 1n appendix 1 are those recently quoted in the literature.
Although these values closely fit the current observations, it is not

correct to suggest that they are the genuine orbital periods of one
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binary component about the other, since the fact that the periods vary
implies that they may include the effects of spatial motion (i.e. apsidal
rotation or perturbations caused by unseen companions).

Plots of the 0-C residuals for 14 stars are given in appendix 1.

Also included there are a few plots of secondary minima 0-C residuals.

Average eclipse period

It was found to be advantageous in this study to accept as a useful
value of the eclipse period one which causes the 0-C residuals of the
primary minima to be symmetrically distributed about the line 0-C= 0.0.
This step is accomplished by the FORTRAN code AVEPER (appendix 2).
Admittedly, this method is susceptible to statistical biasing due to
occasional inaccurate data points or intervals of few observations, yet
defining an "average period” has a definite advantage in a study which
is concerned with the entire recorded history of a binary since published

values usually apply only to 1imited time spans.

Visual Detectability

It is important to consider whether a hypothetical companion will
be visually detectable, since if it proves to be theoretically possible
to observe a companion but such an observation has not been made, then
the validity of the hypothesis will be in doubt. The following analysis
is pursued to insure that in any subsequent postulation of unseen com-
panions associated with stellar systems, the hypothetical companions

would indeed be non-visible.
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In a statistical study on the completeness of binary discovery,
W. D. Heintz (1969) adopts the "measure of difficulty" of discovering a
visual binary which was previously introduced by E. Opik in 1924. When
the visual binaries discovered over the past decades were plotted in a
diagram relating the angular separation () of the two component stars
to the difference in their apparent visual magnitudes (Amv),it was found
that nearly all are located in a strip bounded by the straight lines
0.22AmV - logf = 0.47 and 0.99. Heintz assumes that three ranges of the
discoverability index, defined as D = 0.22Amv - logf , are delimited by
D=0.5and D = 1.0. Binary pairs for which D<0.5 have been discovered
prior to the past decades and are considered to be "completely discov-
ered", while those with 0.5<D<1.0 are "half discovered", and those with
D>1.0 remain "undiscovered". In the present application D>1.0 is con-
sidered a criteria for non-detectability.

An eclipsing binary pair appears visually as one point of light.
The detectability index (D), as well as intuition, suggests that a dim
companion would be seen more easily if the brightness of the visible
point of light was reduced to a minimum. Since this occurs at the time
of primary eclipse, it is the published value of apparent visual magni-
tude for the midpoint of the primary eclipse which is used in the calcu-
lation of the detectability index.

To determine the apparent visual magnitude of the dark companion
it is first necessary to find its fractional luminosity (L/L@) in solar
units through the mass-luminosity relation,

L/t = (M/MQ)“ (1.3)
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where M/M@ is the companions fractional mass, also in solar units, and

the exponent o is found to vary with mass as seen in Table 2 (Allen).

TABLE 2
MASS~LUMINOSITY RATIO

log M/M0 log L/Le o
-1.0 -2.9 2.9
-0.8 -2.5 3.125
-0.6 -2.0 3.33
-0.4 -1.5 3.75
-0.2 -0.8 4.0

0.0 0.0 4.0
+0.2 +0.8 4.0

Assuming a value for the companion mass and choosing the appropriate
value for a, the luminosity is easily obtained. This is used in eq.
(1.4) to determine the magnitude that the companion would have if it were
located at a standard distance of 10 parsecs and if radiation of all
wavelengths was included. This quality is usually referred to as an
absolute bolometric magnitude (Mbo])'

M =4.77 - 2.5 1og(L/Le) (1.4)

bol
The absolute bolometric magnitude of the sun is +4.77.

In order to convert the absolute bolometric magnitude of the com-
panion into an absoltue visual magnitude (Mv)’ it is necessary to add
(eq. 1.5) the appropriate bolometric correction (BC).

M, = My * BC (1.5)
As explained by T. L. Swihart (1968), "the BC is a measure of the ratio
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of the total energy radiated by a star to that which it radiates in the
visual region of the spectrum". The apparent visual magnitude (mv) of
the companion is calculated according to eq. (1.6),

m, =M, +5 log(r/10) (1.6)
which is dependent on the distance (r) in parsecs of the system from
earth. Finally, the difference in apparent visual magnitude between the
eclipsing binary at primary minimum and the companion is found by sub-
traction.

Since one parsec is the distance at which one astronomical unit sub-
tends an angle of one second of arc, a knowledge of the distance (r) to
the system in parsecs and the spatial separation (d) in A.U.'s between
the companion and the visible star, as measured across the line of sight,
will give the angular separation in seconds of arc at that time.

L") = d(AU)/r(pc) (1.7)
The magnitude difference and angular separation are then used to calcu-
late the index of discoverability.

D = 0.22am, - Togf (1.8)

In application, it is easy to determine detectability of a suggested
companion by examining its mass and greatest separation from the visible
component of the éystem. A study has been made using the FORTRAN code
DETECT (appendix 2) which incorporates the preceding analysis. The
results shown in figure 3 show the curve corresponding to D = 1.0. 1In the
region to the right of the curve,D is less than 1.0, indicating that
such stars would be visible, while stars located in the left-hand region

are considered non-detectable because D there is greater than 1.0. Since
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the index D is dependent on distance and apparent visual magnitude, a
separate study must be made for each star system considered. Figure 3

is characteristic of RZ Cassiopeiae, whose distance is about 90 pc and

mid-eclipse magnitude is about +7™88.



CHAPTER II

PHYSICAL ANALYSIS

General procedure

Once it is assumed that one or more unseen companions are causing
the observed variation in the eclipse period of a binary, it then becomes
desirable to derive the parameters describing the companion(s) and the
dynamics of the multi-body system.

A method of trial curve-fitting was used wherein a set of initial
parameters is assumed and applied to a physical model which describes
the relationships among all the bodies involved. Incremental time
steps are then taken to simulate the hypothetical motion of the masses.
The displacement of the eclipsing binary pair toward or away from the
earth is used to determine the light travel-time effect during the time
interval covered by eclipse minima observations. This result is super-
imposed on the empirically-derived 0-C plot and a judgement is made as
to how well the theoretical curve fits the actual history of the
eclipsing binary. The best-fitting trial then gives the parameters
which, based on the assumptions of the model, describe the dynamics of
the system.

The models evolved with the specific case of RZ Cassiopeiae in
mind. It seems evident from the double periodicity seen in the 0-C
residual curve of RZ Cassiopeiae (appendix 1) that at least two

20
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companions are necessary to fit the past observations. Therefore, for
considerations of spatial displacement, all analysis which follows
assumes three coplanar point masses; two which represent the companions,
and the third which represents the total mass of the binary pair located
at the common barycenter. The simplifying assumption that the binary is
reduced to a point seems to be justified in a first-order calculation,
since the separation of the binary pair is typically less than 1% of the
distance to the closest companion. The direction of revolution of all
bodies about the system's center-of-mass is arbitrarily chosen to be

counterclockwise with increasing time.

Circular orbits

The simplest model which was considered to explain the behavior of
RZ Cassiopeiae is one in which the orbits of the companions are circular.
The orbital motion (figure 4) of the closest companion (mz) about the
two-body center-of-mass (COMl) causes a simultaneous circular motion of
the binary. The total binary mass (ml) is known from published spectro-
scopic results. Adopting the shorter periodicity exhibited in the 0-C
curve as the value for P1 (in years), and deducing a value of the
distance (rl) of the binary from COM1 from the amplitude of the 0-C
curve (i.e. ry = 0-C half-amplitude in days times speed of light in
A.U./day), then the companion mass (mz) in solar units, and its distance
(r2) from COM; can easily be determined through a simultaneous solution
of eq. (2.1), which is the definition of the center of mass, and Kepler's

Third Law (2.2).

miry = mor, (2.1)
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to Earth

Fig. 4.

Epicyclic model
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2 (2.2)

_ 3
(m1 + mZ)P1 = (rl + rz)
Because the angular velocity is constant, the angular displacement (o)

at any time (t) may be found by

t

e =27
Py

+ 0, (2.3)

where % gives the initial longitude.

The motion of the outer companion is determined by a similar treat-
ment. The masses my and m, are combined and assumed to be Tlocated at
COMI. The values of P2 and ryp are again obtained from the 0-C curve
and are used to determine r3 and m, (see figure 4).

(m1 + m2)r12 = m,rg (2.4)
(my +my + mg)Py? = (ry, +ry)3 (2:9)

The epicyclic displacement of the binary produces the expected
superposition of sinusoidally-varying 0-C values once the factor relat-
ing distance to time delay (i.e. the speed of light) is applied.

Through a procedure of making trial fits of the 0-C curve by
slightly varying the input parameters, a best fit was found for the case
of RZ Cassiopeiae. The inadequacy of the model was immediately apparent.
Since it is based on circular geometry, this model can only generate the
sum of two symmetrical sine waves. The periodic variations seen in the
0-C curve of RZ Cassiopeiae {appendix 1) show a definite skewness.
Therefore it was decided to pursue the problem further by introducing

elliptical orbits.
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El11liptical Orbits

The method used to determine the instantaneous position of a body
which is constrained to an elliptical orbit is outlined in most texts
on celestial mechanics {e.g. Roy, 1965). It is necessary in this analy-
sis to specify the following set of parameters (figure 5) which define

the relative orbit and the position of the body at a known time:

T = Period of revolution

a = Semi-major axis

e = Eccentricity

t0= Time of periapse passage

w = Longitude of the periapse
where w is measured with respect to the line of sight and in the direc-
tion of revolution.
The calculations begin by determining the mean angular velocity
n=2u/T (2.6)

This is used in finding the mean anomaly M which corresponds to a
specific time t through the relation

M = n(t-to) (2.7)
The mean anomaly is inserted into Kepler's Equation,

E=M+ e sint (2.8)
which must be solved through a process of converging iteration. The
resulting value of the eccentric anomaly (E) is used to locate the body
in terms of the radius vector r measured from the focal point of the
ellipse and the angular displacement f measured from.the periapse, using
the standard equations

~ = a(l-e cos E) (2.9)
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_ ' ’1+e E
f=2 arctan[ T:E-tan §J (2.10)

The longitude of the periapse is added to refer the angular displacement
to the 1line of sight, whence
0 =uw+f (2.11)

The focal points of both of the orbital ellipses (figure 5) are
located at the two-body center-of-mass. Although the two orbits are pro-
portionate ellipses, the longitude of each periapse differs by 180° with
respect to the other.

The companion mass and orbital semi-major axis are also found from
two-body mechanics. At any time, the center-of-mass expression (eq 2.1)
must hold true. At the particular time when the bodies are located at
apastron, their distances (r1 and r2) from the COM can be related to the
semi-major axes of their orbits by the following expressions:

ry = 8 (1 +e) r, = a, (1 + e) (2.12)
Inserting these into eq. (2.1), we obtain..
mia; = mya, (2.13)
Since the semi-major axis of the relative orbit is the sum of both true
orbit semi-major axes, Kepler's Third Law may be expressed here as
(m1 + rnz)P2 =(a1 + a2)3 (2.14)
Solving eq. (2.13) for a, and substituting into eq. (2.14)
(m; + m2)P2 = a13(1 + ;i)B (2.15)
This may be solved for m, which, in turn, may be used in eqg. (2.13) to
find a,.
In the calculational procedure, it is easiest to write the quartic

expression (eq. 2.15) as
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g(mz) = (m24 + m1m23)P2 - a13(m2 + ml)3 (2.16)

and then to find the value of m, which causes g(mz) to be equal to zero.
By Descartes' rule of signs, there is, at most, one positive value of m,.

At this point the analysis follows the same general sequence as for
the circular model. The superposition of ellipses has a greater degree of
freedomwhichallows the skewness displayed in the 0-C curve of RZ Cas-
siopeiae to be fitted more easily.

It was decided to choose as the fundamental plane of the three-body
motion that which is defined by the binary itself. From spectroscopy
the inclination of this plane (figure 6; X, Y) for RZ Cassjopeiae is
known to be about 82° (82914, Horak, 1951) with respect to the plane of
the sky (Y', Z'). Observations of 1ight travel-time effects are due
strictly to the component of the eclipsing binary pair's motion which is
directed toward or away from the earth, and therefore the sine of the
inclination is used to project the x-value of the binary's position onto
the line of sight. According to Chambliss (1976), the value of the total
binary mass of RZ Cassiopeiae is 2.4 solar masses (m1 =m, +m, where
m, = 1.75M® and My, = 0.61M0).

The best fit obtained using an elliptical orbit model is shown as a
solid curve in figure 7. The rms deviation from the observations is
about.iSmlss. The orbital parameters which lead to this result are
given in table 3. Also included there are the companion masses expres-
sed in solar units. While these masses are great enough to be luminous
stars, their luminosities are faint enough such that they are not

visually detectable at their greatest separation from the central pair

(see figure 3).
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i

x'=x*sin i X' to earth

Fig. 6. Inclination of fundamental plane
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TABLE 3
MASSES AND ORBITAL PARAMETERS OF THE HYPOTHETICAL COMPANIONS

Companion M/M, a(A.U.) P(yr) e tg W
Outer 0.37 31.25 105 0.85 1973 155°
Inner 0.32 11.29 23 0.4 1920 210°

The closeness of the fit gives encouragement that the presence of
faint companions can be postulated to explain the historical patterns of
the 0-C residuals. Upon closer inspection, however, it is found that the
gravitational attraction between the two companions at some time exceeds
the attractive force exerted on either by the binary. Therefore, since
it is incorrect to neglect the companion interaction, the value of this
model is only in suggesting plausibility. A physically realistic con-
figuration of the multi-body system can only be simulated by a model

which incorporates all of the gravitational interactions simultaneously.

Mutual interaction model

The solution of the three-body problem may be found by the method
of special perturbations, This requires a step-by-step numerical inte-
gration of the differential equations of motion and results in position
and velocity information which describes the system at any desired time
based on some initial configuration.

Reference is made in the following derivation of the equations of
motion to figure 8, which shows the coplanar relationship among the

three bodies. The origin is chosen at the system's center-of-mass.



Fig. 8.

Three-body interaction forces
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-
The total force Fi acting on each body is the vector sum of the

individual gravitational forces Fij due to the presence of the other

bodies,
F E (2.17)
. = zF.. .
o™y
From Newton's Second Law
2>
5 dr,
F. =m.3. = m (2.18)

1 i1 i d t2

Since the position and velocity of one of the bodies is most easily ob-
tained through COM considerations once these quantities are known the

the other two, the analysis can proceed by concentrating on masses m, and
ms. Equating eqs. (2.17) and (2.18), and resolving into rectangular

coordinates, we obtain

d®x
2 _
Mo dt2 = F21cos o, + F23cos 0, (2.19a)
d2y2
m _ . .
d2x3
My——= _
3 dt2 = F31cos 0y + F3zcos 0, (2.19¢)
dzy3
my dt2 = F3ls1n 04 + F3251n 0, (2.19d)

Now, according to Newton's third law and his law of universal gravitation,

B.=— Jdy  =F.. (2.20)

2 2
where rij = ((xj-xi) + (yj_yi) )% .. = ?(Xj‘xi) + j(yj—yi)
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Applying this to egs. (2.19), we obtain

2

d X5 Gm1 Gm3
5 = - ——5C0s 0, + —=5cos 0, (2.21a)
dt 12 23
d2y2 = . Gmy Gmsy
— 5 sin o, + 5 sin o, (2.21b)
dt ri2 ra3
d2X3 Gml sz
> = - cos 0, . —S5 cos O (2.21c)
dt v 2 3 r 2 2
’ 13 23
5= - 5 sin o5 - 5 sin o, (2.21d)
dt r13 r23

From the geometry shown in figure 8

(x,=x (¥5-¥q)
cos o) = ——%——l—- sin 0, = E 1 (2.22)
- 12 12
(x4-x,) (Y2-Y5)
cos 0, = ——%——g— sin 0, = ;—%—Jé—
23 23
(xq=x) (¥3-¥4)
cos 04 = ——%?—JL— sin 05 = ——%——l—
13 13
Expressing the fractional masses as follows
m m
= 2 = _3
Yy T EI- Y3 m, (2.23)

and inserting into eqs. (2.21), we obtain
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2
d“x “(x5=x Yo (Xy=%,)
dt 12 r23
d2y2 -(¥o-y1)  v3(y3-y,)
—5 = Gmy T + 3 (2.24b)
dt 12 23
d’x, -(x3-x1)  vp{x3-x5)
5 = Gm, 5 - 3 (2.24c)
dt 13 ra3
d?y ~(Y4-¥1) (Y2-¥,)
3 _ e 371/ _ Yo\Y37Y)p (2.244)
dt2 1 r 3 r 3 .
13 23
Also,
dx dy
2 2
—£ =y —S =y (2.25)
dt Xo t Ya.
Efl = v '-'-—'-dyB = V
dt X3 t Y3

Egs. (2.24) and (2.25) are the eight equations of motion for masses m,,
and ms. Using the Runga-Kutta method of numerical integration, these
are solved simultaneously for Xos Yps X35 Y35 sz, Vyz, Vx3’ and Vy3 at
each step in time.

The values of SERIE v

. and Vy at each step are determined

1 1
through the defining expression for the center-of-mass.

0 = myFy + myr, +mrs (2.26)
In rectangular component form

0 = myxy + MpXy + Maxs 0 =my; + Moy, + myys



35

or,

N -mzxz - m3x3 - 'mzyz - m3y3
4 my ‘

or,

X] = "YoXp < Y3¥g Y1 = "Yp¥p ~Y3¥3 (2.27)
Differentiating eqgs.(2.27) we find the ve]oc{ty components of mass my to
be

v = -YZV

X v (2.28)

Y, V V, = =v,V, -y
3 X 2 Yy 3 Y3

X2 3 Y1

To determine the light travel-time effect associated with the eclip-
sing pair's motion, it is necessary to project Xq onto the line of sight
using the sine of the inclination. The inclination will influence the
companion masses and the sizes of the open orbits (figure 6) which are
necessary to fit the residual curve. An inclination of 90° causes the
plane of motion to coincide with the plane including the 1ine of sight.
This will result in the smallest companion masses and spatial excursions
from the COM and therefore tend to minimize the interaction between the
companions. As the inclination decreases, the spatial excursion must
increase to give the same projected effect and the masses must increase
to maintain the same periodicity. The result is that the companion
interactions become stronger and maintaining stability becomes more
difficult.

A simplification of the curve-fitting is made by defining the pro-
jection of the initial position of the eclipsing binary pair as the
origin of a coordinate system (figure 9) to which the light travel-time

effect is referred. This results in an initial light travel-time

residual of zero for the model. As the integration continues in the
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center-of-mass coordinate system, the projected value of the binary
pair's position is translated (by subtracting its initial COM coordin-
ates) to determine the light travel-time effect at each step in time.

If the integration is assumed to start at the ephemeris date, which is a
time when the observed residual is also zero (see eq. 1.1), then the
observed and model residual curves will coincide initially.

In the integration process, the time since the start of the calcula-
tions (i.e. the ephemeris date, by assumption) is found by adding the
successive time steps. The clock may be caused to run into the future
or into the past by selecting the time steps to be either positive or

negative, respectively.
Units

The scale of physical systems being considered suggests that a con-
venient system of units to be used in the dynamical calculations is one
in which distance is measured in astronomical units (1 A.U. is the mean
distance between the earth and the sun), time is measured in years, and
mass is measured in solar units (M@). This will cause velocity to be
measured in astronomical units per year (A.U./yr) and the universal

gravitational constant (G) to have units of

(A.U.)°
(yr-)ZMO

The 0-C residuals are most appropriately measured in units of days

(although the conversion into minutes and seconds may offer a better

perspective). Since distance is measured in astonomical units, the
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light travel-time calculations are made most easily if the speed of light

(c) is defined in astronomical units per day (A.U./day).



CHAPTER III

APPLICATION OF MUTUAL-INTERACTION
MODEL TO RZ CASSIOPEIAE

The eclipsing binary system RZ Cassiopeiae has a non-eclipsed
apparent visual magnitude of +6738 and a depth of primary eclipse of
15 (Wood, 1950). Therefore a mid-eclipse visual magnitude of +7788 was
used as input for the determination of the detectability thresholds for
hypothetical companiqns.

The distance in parsecs from the earth to the binary was found as
follows. From the literature the spectral types of the visible compon-
ents of the system are known (Chambliss, 1976). The corresponding
luminosities are found from the Hertzsprung-Russell diagram (Novotny,

1973).

1}

A2V log(L /L) = +1.2

-0.1

G5IV log(Lb/Lé)

The total luminosity of the pair is used to determine their absolute
visual magnitude (eqs. 1.4, 1.5), assuming as a value for the bolometric
correction that which applies to the more luminous star (BC = -0.10).

Mv = +1.62
The difference between the apparent and absolute visual magnitudes then

yields a distance of about 90 parsecs through a solution of eq. (1.6).

39
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A data file of about 600 Juiian Dates of minima was compiled from
the literature for RZ Cassiopeiae. About 128 of these were selected as
being a representative set, since it is impractical to repeatedly plot
the larger number of points during the curve-fitting sequence and since
also a maximum number of 150 is allowed by the subroutine HISTRY.

An average eclipse period (Pave) was determined for the unabridged
file by an execution of the code AVEPER. The value obtained after 42
iterations was

Pave = 1.19524788 days
Both the original (RZCAS) and abridged (RZABR) data files are included
in appendix 1. The 0-C residuals of the abridged file have been calcu-
lated through an execution of the code FILCHG, using the average value
of the period. Those of the original file have been calculated using a
value of the period (P = 1.19525189 days) common to much of the current
literature. A comparison of the plots for the two files (appendix 1)
shows the effect of changing the eclipse period.

The trial procedure of fitting the residual history by a dynamical
model required many hours of patient execution of the code NTERAC
(appendix 2). The sensitivity of the model caused many unproductive
choices to be made of the initial parameters of the multiple-body system.
These often resulted in close encounters among the bodies, sometimes

causing one or both of the companions to escape* from the system. The

*In an isolated multiple-body system, one body can never completely
escape the attraction of the others. The term "escape" is used here
to suggest that the component of the velocity of a body which is
directed away from the system COM will go to zero and then be directed
towards the COM at a time much greater than the duration of this study.
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procedure in the trial method became one of trying to maintain stability
in the system while continually improving the fit of the model 0-C curve
to the observations by refining the input.

The orbital parameter input mode was chosen during the initial
execution of the code, since approximate values of the binary orbital
periods and semi-major axes could be estimated from the 0-C curve. A
double periodicity is exhibited by the curve and therefore two companions
were assumed. The starting values of orbital periods and semi-major
axes due to assumed inner and outer companions were estimated to be 25
years, 1.3 A.U., and 100 years, 3.5 A.U., respectively.

The analysis had adjusted the model 0-C value to be zero at the
initial time through a spatial coordinate translation and therefore the
placement of the 0-C curve which resulted from the model was found to be
sensitive to the input values of the longitudes of periapsides chosen.
The initial choice was simplified by referring to figure 10, which
exhibits both the horizontal and vertical transiations of the 0-C curve
along the epoch and residual axes, respectively, which occurred when
the longitudes were varied.

First consideration in the curve-fitting procedure was given to the
case where the inclination was assumed to be 90°, since this case would
exhibit the least companion interaction. After 67 trials, a best fit
"was obtained and is shown in figure 11. The rms deviation between the
observed and model residual curves is * 7M39° (i.e. * 0.00531 day). The
center-of-mass system rectangular coordinates of position and velocity
for the three bodies at the initial time (i.e. ephemeral J.D. = 2442340)

are given in table 4. Also listed are the masses of the companions
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TABLE 4

COMPANION MASSES AND INITIAL RECTANGULAR PARAMETERS

m, = +7788 MODEL 67 MODEL 127
i = 90° i = 82914
d = 90 pc
B INARY INNER OUTER BINARY INNER OUTER
PAIR  COMPANION COMPANION | PAIR  COMPANION  COMPANION
M/Mq 2.4 0.263 0.288 2.4 0.287 0.330
X (AU) -2.83234 14.86341  -41.00514 |-2.64463 15.30136 -38.64449
Y (AU) -2.46345 -9,12520  17.86768 |-2.32152 11.26606 -28.63106
VX (AU/YR) 1.30292  -0.35300 -0.68683  0.52601
VY (AU/YR) 2.00634  -1.21160 2.19624  -1.02252

127
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(M/MQ) in solar units. The equivalent orbital parameters are not pre-
sented because the motion of the companions relative to the binary
exhibits continuous variation of the orbital parameters, and therefore
the instantaneous values may not be representative of the mean orbits.

In the spatial plots of the binary and companion motions (appendix
3) the positive x-axis is directed towards earth. Model 67 has been
allowed to run for 6300 years into the past and 2000 years into the
future and shows no sign of becoming unstable. Although an extended
investigation gives insight into the stability of a system, it should
be noted that round-off error becomes significant after such a long inte-
gration period, and that the model becomes less valid with increasing
time.

The second model considered was constrained to a plane of motion
whose inclination was 82°14 with respect to the plane of the sky. This
also is the inclination of the fundamental plane of the central binary
pair's revolution about each other, and thus it has the aesthetic appeal
of coplanarity which might be attributed to a common origin for all four
bodies.

After an additional 60 trials (i.e. model 127), a best fit for this
inclined orientation was found as is shown in figure 12. The resulting
rms deviation between the curves is * 930S (i.e. t 0.0066 day). Again
the companion masses and rectangular position and velocity components
corresponding to the initial time are listed in table 4. A comparison
of the two models shows that a change in inclination of only g° requires
the companion masses to increase by 10-15% to maintain a fit of the
residual curve and therefore increases the Tikelihood of strong inter-

actions between them.
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Model 127 has been run for about 3,000 years as seen in the spatial plots
in appendix 3. It appears to remain stable for at least 800 years into
the future and for more than 300 years into the past. However at about
year -350 a close interaction occurred, causing the outer companion to
be thrown far out into space. It exceeded the detectability threshold
at about year -382 and remained visible until about year -534. The
system then seemed to be well-behaved until about year -1180 when another
close encounter between the companions caused the two to capture each
other. The newly-formed pair revolved about a common barycenter while
containuing to orbit the eclipsing binary. At the end of one orbit, the
central pair exerted a large enough perturbation on the companion pair
to again cause the outer companion to be thrown far from the COM, be-
coming visible again at about year -1334. This rather wild motion
continued as is seen in the spatial plots.

Although model 127 gave an adequate fit to the observed 0-C residual
curve, it is unlikely that such a system could maintain stability for a
time span approaching the age of the main sequence A2 component of the
eclipsing binary (2 billion years maximum). On the other hand, the
model's behavior suggests that relatively short-lived gravitational en-
counters between stars which are migrating through space can occur and
result in the dynamical effect which is observed in the 0-C residuals.

If the investigation is restricted to systems which fit the ob-
served behavior yet remain stable over a long period of time, it then
appears that the possible companion masses would be smaller than those
found in model 127 and that the inclination of the companion orbital

plane would be greater than 82°. Since the masses would be at least as
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great as those of model 67 to account for the amplitude of the residual

curve, these two models may be regarded as bracketing possible companion

masses for the eclipsing binary system RZ Cassiopeiae. Apparently the

companion bodies are red dwarf stars of spectral type M3-M5.



CHAPTER IV

DISCUSSION

Radial velocity residuals

Additional credibility would be given to a hypothetical companion
model if it explained the observed radial velocity residuals while fit-
ting the photometric 0-C curve. The binary orbital elements are deter-
mined through a trial procedure of fitting the spectroscopic radial
velocity curves which have been observed over several consecutive revo-
lutions. Historically these orbital elements have been the subject of
continual revision. If instead of revising the elements, an investigator
were to assume some average set, he might notice that the long term
residuals between the observed and model radial velocity curves have a
periodic behavior which could be explained by a spatial motion of the
binary pair, caused through interaction with companions.

Figure 13 shows a typical radial velocity residual curve associated
with an interaction model (#67) which also fits the observed 1light
travel-time residuals of an eclipsing binary. The amplitude of this
curve is about 4 km/sec, which is twice as large as that used by
A. H. Batten and E. L. van Dessel (1975) to support their hypothesis of
a third body orbiting about the spectroscopic binary 70 Ophiuchi.

A suggested further procedure, then, in the analysis of eclipsing

binary stars with periodic 0-C curves and extensive spectroscopic

49
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observations, is to assemble from the literature a data file containing
radial velocities and corresponding times. Assuming a set of binary
orbital elements, the residuals of the observed radial velocities could
be determined for each date. These values then could be read into the
interaction model code NTERAC and displayed on the plot (figure 13) con-
taining the radial velocity residuals of the model. The most probable
model would be one which simultaneously gives a best fit to both the

eclipse minima residuals and radial velocity residuals.

Reduced 0-C residuals

Figure 14 shows the difference between the observed 0-C residual
values and the corresponding values which result from the hypothetical
interaction of a binary with companions. The reduced residual curve
offers a convenient way of estimating whether or not there may exist
undetected periodicities which might be attributable to additional unseen
companions. A good fit of the 0-C curve should produce a reduced resid-
ual curve which shows observational scatter or noise which is equally

distributed about the{abscissa.

Osculating orbital elements

How far in time a model can be used to represent the interactions
between bodies is limited by the real time required to make the neces-
sary calculations. An interesting further project which could be
undertaken would be to write a subroutine to determine the osculating
orbital elements (ref. Danby, 1962) at specific intervals during the

dynamic calculations of the code NTERAC. It would then be possible to
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execute the model for a time period long enough to show patterns of
variation in the orbital elements of the companions. A variation-of-
parameters technique could then be used to make the large calculational
steps necessary to reconstruct the motions of the system at a time
several million or even billions of years ago. This method has been
applied to the orbit of Pluto by Bensen and Williams (1971), who used
time steps of 500 years.

Error control

Round-off error is cumulative as the number of calculation steps
increases. It could be reduced by using double precision for all vari-
ables used in many steps. Since this requires more core storage, however,
it is preferable to reduce the step size in the integration scheme, since
the error associated with a fourth-order Runga-Kutta method varies as
the fifth power of the change in step size.

Although the increased number of steps would increase round-off
error, the result is still a gain in accuracy. To see the effect that
changing the step size has on the results, model 67 was run twice for
200 years using step sizes of 0.01 year and 0.10 year. It was found
that in this relatively stable model the two trials gave differences in
position vectors for each body of less than 3 x 10'7 A.U. in each year
and differences in velocity vectors of less than 1 x 10'7 A.U./YR in
each year. Since the accuracy gained by reducing the step size by a
factor of ten is very small in a stable case, the larger step size may
be used to expedite the trial fitting procedure. When a near fit is

found, the step size may be reduced to obtain the final fit.
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An additional refinement to the code NTERAC would be to introduce a
subroutine which would continually adjust the integration step size to a
maximum value which would still maintain an acceptable error tolerance.
This could be done by making a parallel integration at each step in time
using a lower-order scheme such as Simpson's method. A comparison of
the results of the two methods at the end of each step would determine
if the next step should be integrated with the same or an even larger
step size, or whether the previous step should be repeated using a re-
duced step size. The computation time lost in making the additional
calculations is outweighed by the gain resulting from the use of the
largest allowable step size (Strack, 1963). This method would be most
important in cases where close encounters require very small step sizes

to maintain accuracy.

Minimizing companion interactions

The analysis which has been presented has considered only those
cases in which the companion motions are coplanar with the same direction
of revolution as the central pair. It is possible that two companions
could revolve in opposite directions about a binary. During a close
encounter in such a case, each body would spend less time within the
other's sphere of influence, and therefore the interaction would be less
severe. If the constraint of coplanarity is removed, the probability of
a close encounter is decreased. These two additional degrees of freedom
could be used to fit 0-C residual curves in systems where otherwise the
trial procedure suggests that no stable configuration fits the 0-C re-

siduals.
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Predictions

A test of how well a hypothetical model describes an actual system
is its ability to make predictions. Figure 11 and 12 show that the
trend of both models 67 and 127 is that eclipses of RZ Qassiopeiae
which occur shortly after the ephemeris Julian date will be observed to
occur slightly earlier than predicted by the linear elements of eq. (1.1).
Since the ephemeris Julian date (i.e. model year = 0) corresponds to late
1974, indication of whether either model correctly predicts the observed
trend can be expected by 1980 or 1985.

As more observations are made for an eclipsing binary, the 0-C
residual curve will further reveal its behavior. Continual revision of
the fitting parameters will then better define the system. Although the
‘controversy of explaining the apparent variation in the eclipse period
of RZ Cassiopeiae continues, the results given in the preceding chapter
give support to the hypothesis that the binary is experiencing a pertur-

bation caused by twe red dwarf companion stars.



CHAPTER V
SUMMARY

The observed time residuals for some eclipsing binary stars may be
caused by a light travel-time effect produced by unseen companion bodies.
An object which has sufficient mass to cause a measurable perturbation
of its central binary pair may be unseen because it is "of low lumin-
osity, a faint dwarf, close to and lost in the image of the primary star
or too faint to be recorded photographically, even at a large angular
separation from the primary" (Van de Kamp, 1975). While the companion
hypothesis for explaining eclipse time residuals has often been postu-
lated, the determination of the masses and dynamics of such companions
has not been rigorously pursued.

A method of deducing the masses and dynamics of unseen companions
associated with eclipsing binary stars is presented in Chatper II. The
general technique applied uses a physical model to generate light travel-
time residuals which fit the observations by adjusting the assumed values
of companion masses and their initial positions and velocities. Models
employing circular or elliptical orbits of two companions about the
central binary pair are considered and discarded since a substantial
interaction between the two companions is not included by superimposing
the simultaneous two-body analyses. Allowance for the mutual inter-

action among all bodies in the system results in a three-body problem
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which can only be solved numerically. The Runga-Kutta method of inte-
gration is encoded, into the Fortran program NTERAC (appendix 2), which
solves the eight simultaneous equations of motion (eqs. 2.24, 2.25)

to describe the dynamics of the system at each step in time.

Application of the mutual-interaction model to the eclipsing binary
star RZ Cassiopeiae is described in Chapter III. These results indicate
that the companions, whose presence is postulated in order to explain
the observed eclipse time residuals of that system, have masses between
0.26 and 0.33 solar masses. If the companions are considered to be
main-sequence stars, they would be of spectral type M3-M5.

A hypothesis reveals its validity through its ability to make cor-
rect predictions. The fit of a model to the observed eclipse time
residuals of RZ Cassiopeiae has been extrapolated into the future
(figure 11). A discernible change in the eclipse time residuals and in

the radial velocity of the binary pair is predicted by 1985.



APPENDIX 1
0-C RESIDUAL FILES

Observations of eclipsing variable star minima are generally re-
ported as heliocentric Julian dates. Quite often an observer will fail
to include in his publication the accuracy of his results. By noting
the method of observation, a typical value for its accuracy may be

assigned through reference to table 5.

TABLE 5

ACCURACY OF OBSERVATIONS

METHOD ACCURACY
(days)
Visual 10.01
Photographic 10.004
Photovisual 10.002
Photoelectric 10.001
Normalizing 10.0005

In the following plots of the 0-C residuals of eclipsing binaries
which exhibit variable periods, year zero corresponds to January 1, 1980.
Residual values are indicated by an asterisk (*) with crosses (+)
located above and below to indicate the observational accuracy. The

eclipse periods are given in units of days.
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In the tables of eclipsing binary minima, the observational accura-
cies and 0-C residuals are given in units of days. Julian dates are
truncated to show only five digits to the left of the decimal (e.g.
2442000.1234 will be entered as 42000.1234).
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GULMEN
MEIER
SCARF
GORZ
YOS EL
BarLQOW
zARLOY
SCARF
LARLOW
SCARF

* D.267312¢¢2

REFERENCE

EAN
£
Al
AN
AN

321
282, #4, P.
2389, #4, P.
289 #4, P.
2872,

191
#4, P
AN 239, #4, P.
A T4, P. 542
IBYS #322
IBUS #456
Ad T4, P.
IBUS #4566
IBUS #456
IBVS #456
IDBVUS gA56
IRBVS #456
IBVUE #456
IBVE #4546
IBVE #419
IBYVS #456
IRUS #4192
I1BYJS #739
I3BVS #7%9
IBYS #4566
fHd T6, P
Hd 76, P,
IBYS #7897
Ad 76, P
I3VS #5@€%
IBYS #73%72
IEYS #5239
IBVS #7%9
I3VS #53@G
IDUS #844
IBVS #8344
I12VUS 27,
ITVS #8344
IBYS #3444
IBVS #6647
IRDUS #647
IBVS #%44
IBVS #937
IBYVE #3937
IBYS #8444
IBUS #8444
IEVUS #8844
IBYS #B44
IBUVS #3844

342

#789

191
191

191
191
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YEARS



AEZLINCEMNTRIC
JULIAYN DATE

337226.4573
33931.22585
323935.257%
IUE3RN5K0
AZ3372.5242
A%2%3.5312
2%83292.23729
334144450
39¢31.2260
29@072.2520
27122.2745
39217 .2%40
Q2esl. a7
A7 114, 45637
ARMS IR L 423C
N12C3.34273
41324 .3656A
#1967.22106
Hq2UuFZS, 242%

CHTOMOLAZY NF

TCrLC =

+/-

P et et G gt

b}

o NG TGS [N ofs TR BN TN B N
.

.
[S3 IS TS NS IR BN IR T S N
—_——— T e a

RS BN

W 1
2012
G AR |
1
oA

oA
OO

N

2

3
.

R
[

in
—

.
SN
Q

[N

C 1

QN

(O IR
RS

s

S

21

12

JD 241368

0-C
nESIDUAL

~-2.0631
-7.0024
-(G.2037
~D.2M23
-P 7739
-0.0043
AN AR
~Z.0000
Z.CHRI
-C.0260
2.0032
-F.0E35
-0.86073
-Z.0e29
~0.C215
~Z.0013
-2.0011
PD.CC20
~G.¥011

2312 + T

IESERYVATIONS OF

OESERVER
K'EE
SCHNELLER
K4bolo

e
S

WINKLER
YINKLED
OPLNYIES
NELOMIUS
HAZER,E0QZXURT
KIZILINMAK
BOZKUET, AKYOL
DICKEL,MEIER
IEAYORLULKIZILI
KIZILIPMAK
SUDUA
SEMNAONCA
SEZER

VOREL

ERBERSBERGER, VED

— .

ONCAHT

X B.h3146A895

REFERLEN

CA6l] 435,
N 23101
DAY 435,
DAN 485,
Ad 71 #1,
M 71 #1,
LM 239 #4
[l 239 44
Al 233 #4
ANl 289 #4
AT 289 #
InvUrs 27,
IS 27,
138 27,
IBSUs 27,
1378 27,
ILYIS #237
I3VS #2337
IBJS #1€5

74
CZ
P. 134
» P. 25
P. 124
P. 134
Pe 44
F. 44
» P. 1932
» P. 132
» Peo 122
s P. 192
4 P. 122
#4546
#456
#US6
#U45hH
647
2



75

I8
8§58
it
tN
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i

L0
PL_/

R10D

P

.

|
L%
YEARS

|
-60.0

.0

“20.0
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HELIOQCENTRIC
JULIAN DATE

16886.3310
17355.4229
172355.4233
17410.4032
17417.573C
17429 .52568
17435.50272
17437 .396C
17441.4820
17447 s 4SAG
174%54.622%
17479.73502
1749 1.56321€
17495.2739
1750G2.4332
17564.5875
17532.519¢€
175%97.30830
17599.2610
17630.339292
17633.23332
1764072 . h497
17667 .3%70
17635.3023@
17771.3772
17772.562C
17777 .247¢
17778 .540¢€
17733.325¢
1773 1.6210
17791.596%
17315.583¢
17832 .50272
1784C.627C
17363.3790
178964.6010
17942.2210
1832310 .425
13022.3%2¢
18635.5250%
13047 .4740
18247 .4750
1304%.6712
12053.447€C
13290 .5260
18145.4830
13157 .4576
18182.5360

CHTNIIQLOGY OF 613 NDBSERYATIONS

TCALC =

+/-

P.012
Z.212
2.001
.10
P.217
Ze317
Ze@1@
C.204
2.210@
Q@.210
Tl
P e A4
CeB17
C.210
P.210
B.C1Z4
B.C1C
Ce1C
.210
De? 1D
2.019
e 10
12
D210
NaP10
B.e21C
@.01G
C.01C
2.017
« 217

<

Q
&)

2 Q

Zell34
0.012
T.010
Ze10
2.910
P.C10
g.010
D.G19
G.210
2.019
DeG17
D010
7710
Z.010
AeB10

JD 42339.7331

0-C

RESIDUAL

C.0362
B.0372
ZeZU@DS
P.063%6
Z.2371
Z.08375
Z.0373
@.04H05
C.04102
B3.7388
PD.8412
P.0460
WDePATY
Zedus57
D.B342
@GeZ351
C.2333
G.Cu6s
D.23%2
0.0422
C.034102
D.2434
mM.03%6
GeDURE
B.2362
Qe TUD2
C.03%¢C
P.042C
G.0412
B.2462
Zea32
7.0421
T.2419
P.0341
O.34073
P.B3395
P.2471
De.0455
C.0438
0.0403
Q.0413
PDeBlu21
C.0370
@.2432
G .0u37
0.26C1
0.0337

+ E x

OBSERVER

EPHEMERIS

MULLER, KEMPF

GRAFF

MIJLAND
MIJLAND
TTIJLAND
MIJLAND

PARKHURST, JORDA

MIJLAND
NIJLAND

PARKHUERST, JORDA
PARKHURST., JORDA
PLRFHURET, JORDA

JIJLAND
NIJLAND

PARKHURST,JORDA

NIJLAWND
NIJLAND
NIJLAND
MIJLAND
NIJLAND
HNIJLAND
GRAFF

NIJLAND
NMIJLAND
MIJLAND
MIJLAND
NIJLAND
NIJLAND

PARKHURST,JONDA
PARKHUREST, JORDA

NIJLAND
GDAFF

PARKHURSET, JORDA

MIJLAND
YENDELL
NIJLAND
MIJLAND
NIJLAND
YENDELL
NIJLAND
NIJLAND
NIJLAND
NIJLAND
NMIJLAND
NIJLAND
NMIJLAND
WMIJLAND

OF RZCAS

1.195251373

REFERLENCE

ODE5SS5A IZVUEST.

VAR STAR 9.2,
VJds 1214

A 4211

Al 4211

AN 4211

AN 4211

76

4, P17
P. 125

POALLEGHENY 3.16;P14

AN 4211
VAR.STAR 9.2,

P. 125

P ALLECGHE!Y 3.16,P14
PeALLEGHENY 3.16,P14

VAR.STNAR 9.2,
AN 4211
AN 4211

P, 126

P.ALLEGHENY 3.16,FP1l4

Al 4211
AN 4211
AN 4211

P.ALLTGHENY 3.16,P1l4

Al 4211
AN 4211
YARL.STAT 2.2,
AN 4211
AN 4211
£ 4211
Al 4211
ny] a4zl
TAR STAR
A, STAR

9.2,

EXY-Y

P. 125

P. 125
P. 126

P.ALLEGHENY 3.16,Pl4

&M 4211
‘]ARI STQR 9 .2)

P. 125

P.ALLEZGHENY 3.16,P1l4

BAaN 5%
AR« STAR
BAN 5%
DAl 5%
BAN 53
VAR.ESETAR 9.2,
BAMN E8
UVATR.STAR 9.2,
RAN 5%

BAN 5%

Entl 593

B2AN 53

BAMN &%

BAMr 5&

.2,

P.e 126



HELINCTETIIC

JULIAY DATT

13224.2747
1323 1.514C
13243.47207%
132614253
18334.33A0
18316.2230
19359 .4390
13421.8910
13542.212¢0
186023.2750
18724.5230¢
13732.551@
19753 . 4349
189763, 4360
132922.4210
19947 .5950
1398 3.3A382
122372430
19265, 4360
19326.23986
12226.3290
1732%,7990
193%1.37%¢C
1923%1.373¢
1204248042
19442.332¢C
12492.531%
12834.36707
126A23.4530
13675. 4047
12675. 4067
1268 1.3770
19A83.755%
19687 .2575
19497 .3610
12725.60117
19736.34A01
19773.4160
19773.4127
1277%. 139¢
19727 .3227
19822, 418%
19951.5€2%
2021%3.4110
20013.43%2
ARG I8 42917
20236.20731
2PE3%3.7520
PPRU2 . 3460C
CE35S4.3000
SAGEG 251D
2p3276.61203

+/-

3

.
]

L]

55 RGN IR G RS |

Yt bt s s b b
QQ

[ )

—
2

~

Q

AT _;RAQN
* L]
TR
Q@

&
—
Q

—_ .

2210
C.10
.10
DNelZ1E
Ce210
CeZ5
D17
0”23
T 102
Z.008
Me2Z5
.05
HelDlE
D10
C_"‘Glz
PDeT 1D
C.010
Ced1D
(e@1Q
ZeR10G

B.C10
CelZ1%

2.203
D210
P.210
2.012
2.210

n-C

mLDEIDUAL

e CUIP
AeDUN1S
Z.0359
D.2412
G413
Telf62
CeQH4U6
T e 435
Cel01d
TeZ 42
-F 5435
Geu27
B.Cau
C.CU64
FeZ4273
Z.CUARKEG
Fe@a7l
FeH02
.Uugs
Ce(iHsy

DNeZHET
De@D3IZS
DeB372
7.03922
0.0349T
2.2315
2.22377
DeZUl7
243237
@.8355
D.0326
T.7345
Z.0296
f.2395
Z.0261
g.a332321
Z.CECTD
D.0342
2. 249
Z.2353
2.237
C.036A9
0.2384
B.02359
Be@315

HIJLALTID
YEMNDELL
MNIJLAMD
MIJLATID
MIJLAND
NIJLAND
JIJLAND
YENDELL
BELY£SX0
KOSINSKA
YENDELL
GRAFF
GOAFF
GRAFTF
EEMPOTAD
DEYMFPORAD
CEZMPORAD
LEMPORAD
BEAPOINAD
LEHMERT
LEHNERT
JONDAY
LEHNERT
LELMERT
LEHNERT
LEHMNERT
YENDELL
FALADOYA
MARGINI
LEANERT
LEHNERT
GCRAFF
JORDAN
LEHNERT
LAZZATINO
TENDELL
GRAFF
NOAFF
RLAFF
GRATF
NOAFF
LEHNERT
PADOVA
HOFFMEISTER
LEHNERT
HOFFAMAEISTER
LEHNERT
JORDAN
HOFFMEISTER
HOFFMEISTER
HOFFMEISTER
DUG AN

R

Ll S 3
VAR WSTAET 9.2,
SAN 58
ZAN S8

A B3
ZAN 5%
3AN S8

VNleSTAR 9.2,
VAT STAR 3 .2,
THACSTAD 9.2,
UnPR.STAR 9.2,

77

FPeALLEGHEIY 3.15,P1l4

VAT . ST[&R 9 . 2)

FP.ALLEGHENY 3.16,P14

P.ALLEGHAEZNY 2

P.ALLEGHEMY 3.16,P14

Pe ALLEGHENY 3
VLR W.STAR 9.2,
VATL.STAN 9.2,
A1) 4536

P. 126
P. 126
F. 126
P. 126
P. 126
P. 125
«16,P14
< 16,214
Pe 126
P. 126

P.ALLEGHENY 3.16,P1l4
P.ALLEGHENY 3.16,P13
P.ALLEGHENY 3.16,P1l4

ANl 4526
Nl 4596
[ 4536
VAT LSTAT 9.2,
Unh«.5TAR 2.2,
UARLSTELE 2.2,
VER.ESTALHT 2.2,

P.ALLEGHE!MNY 3.16,P14

‘-.’AR . STP&R 9 . 2 F
AR «STAR 9.2,

P.ALLEGHENY 3.16,P14

VAN JETAR 942,
‘«“QR . STA’\R. ? . 2.-

P. 126
P. 126
P. 126
P. 126
P. 126
F. 126
P. 126
P. 126

F.ALLZGHTNY 3.16,P14

VAR.STAR 9.2,

Pe 126

P.ALLEGHEZNY 3.16,Pl4
P.ALLEGHENY 3.16,P14
P.ALLEGHENY 3.16,Pl4

NN 4736
VAP .STAR 9 .2,
VAR .STAR 9.2,
LM 4786
r 4723
AN 4786

P. 126
P. 126

P.ALLEGHENY 3.16,P13

AN 4723
Al 4723
AN 4723
VARSTAR 9.2,

P. 126



HELIQCENTRIC n-C 78

JULIAMN DATE +/- RESIDUAL NESERVER TDEFERENCE
20557 49250 .10 $.2323 DUGAN VARL.ETAT 2.2, P, 126
20249 .533¢ C.C1C Z.2327 DUGAN VAN.STAR 9.2, P. 126
22412.520% C.210 P.8372 DUGAN VAR.STAR 9.2, P. 126
231PP.9950 B.2192 2.2363 DUGAN VARL.STAR 9.2, P. 126
2343%5.6687 C.C1Q @.9395 DUGAN VAR.STAR 2.2, P. 126
23512.339¢C Ze10C @.0u22 ODESSA IZVEST.4 P.17
23892%.,592%7 G.210 2.2512 DUGAN UAR.STAR 9.2, P. 126
243P5.4338 .01 0.0451 ODESSA IZVEST.4 P.17
25104.24%0 C.210 D.0472 ODESSA IZVEST.4 P.17
268%6.3640 2.010 B.2426 :NULEYER Aehoe(E) 2, P. 96
26%93.5347 C.0 10 @.7%411 TNUGEYELR A.h.(B) 2, P. 96
2689%2.5112 Ce?10 2.2413 RUGSMER A.A.(B) 2, P. 96
269M5.4%%4 .10 @.C430 SKXNBERLA fieF.(3) 2, P. 96
2607 BT84 C.001 B.0425 TRUGEMER A.fie(B) 2, P. 925
26911.464C C.210 Z.@422 :DUGEMER A.h.(B) 2, P. 926
26929.2%242 0.010 C.2435 RUSEYER Le£.C(2) 2, Pe 96
26230.520% C.010 P.0443 RUGTMER NeAoa(B) 2, P. 96
26333.9553 2701 M .CNn28 PRUGEVER Acha(R) 2, P. 26
26917.3203 .10 P.2413 SKODEPLA A.fie(DB) 2, P. 95
2694%.5162 Z.Z 1D @.0415 RUGEILR fiehe (BY 2, P. 96
C6954.4720 .01 C.0412 MMERGENTALEDR,'TAR AH.A.(3) 2, P. 96
26954. 4953 3.210 P.@u4u2 2UGEMER fie 8. CB)Y 2, P. 95
26360 .4630 B.0010 Z.2420 RUGEMER Hefia(B) 2, P. 95
26966.447C CeB10 %.2437 RUGEMER A.A.(B)Y 2, P. 95
26372.2211 .01 Z.0U420 PRUGEMER AcA.(E) 2, P. 95
26972.2190 T.010 C.0395 :RUGEMER A«A.(B)Y 2, P. 96
26972.4210 0.010 P.BH14 :UGEMER £fieAe(B)Y 2, P. 96
26935 ,5460 C.010 B.0387 RUGEJER NHefial3) 2, P. 96
269%35. 5530 Q.10 7.2407 RUGEMER A.A.CE)Y 2, P. 95
2704UD 5497 FeB10 M.0421 HIAFEL Aehre (D) 2, P. 95
27112.438%¢ De@10 B.2425 ELLSWORTH L.A.(E)Y 2, P. 96
27156.4225 De19 Z.2422 SKOBERLA A.fie(B) 2, P. 36
27323.23%5¢ 7310 @.03%4 ELLSYWORTH AcAL(B) 2, P. 26
27345 .2240 CeDRYy De2Z279 KORDYLEWSKI Aefie (B) 2, P. 96
2782 6.296 1 BeZ12 F.0401 GADOASKI Adfie (B) 2, P, 95
27673.5C70 Ze21E Z.2345 ELLSVORTH HAeh.(B) 2, P. 26
277192.4512 Ze0G10 0.9392 ELLSYORTH fefia (B) 2, Po. 926
27811.4312 De?17 3.72343% HELLERICH fAeficC(EY 2, P. 26
278372.4377 GeB17 7.0228 SZAFRAIIIEC A.A.(BY 2, P. 96
27%72.,4392 Z.010 %.2350 ELLSYORTH AsA.(B) 2, P. 26
CT7%72.44060C "eT1D 7.235% SZAFRANIEC Asfe(B) 2, P. 26
27373 .4211 Ce@ 10 Z.0U06 SZAFRANIEC NefHs(BY 2, P. 26
2% 165.2317 %e0@ 1 Oe.%4C8 SZAFRANIEC AcA.(B) 2, P. 356
2E3 Tl ANSC Z.210 00380 MAKOQ'IECKA LeA.(B) 2, P. 26
2B U66.1537S Ge0 05 Z.0431 TECZA A.f. (D) 2, P. %4
2% HA6. U377 Qe 24 7.0433 TECZA Adie (B) 2, P. 26
2348444112 CeDl Z.0378 T=CZA Ach.(B)Y) 2, P. 924
23083 l8. 0145 Ge0@1 P.04u13 TECZA A.A.(R) 2, P. 26
28514.2%30 Pe0S @.7335 TECZA A.A.(BY 2, P. 24
P3551.3457 GOl f.23%4 TECZA A.sfs. (B> 2, P. 36
2365 1.3482 M.203 P.0409 TECZA B.AHL(B) 2, P. 24

DE576.4362 fam23 7.02%6 TECZA AsAL(BY 2, P. 34



ATLINCEMNTNIC
JULIAMN CATE

23606.3250
28A13.2730
23643.3744
23A/K2.50007
28663.4747
23777 2423
2ET8 4. 4120
PRER329%.19220
24539 ,3945
287%75.25446
29278 . 4475
29 145.3%45
29163.3137
29173 . 48%
29261.3226
29875.6242
BrA23.6312
202A5.3439
30322.7125
AZ63%.2590
30822 .42 1%
3032%9.4921
32362.5643
3036654332
A094B.A U097
IPASB L5774
32085.7011
3211%5.5327
32152.,6358
32298, 460C
322AS5.3977
32445.4755
22/452.5460
32463 .23370
32475.2630
325A2.5130
32616.4090
32641.5210
32673 .5420
22684H4.531C
32742.41982
3277T5%24
32731,23330
327944590
327944398
3272444320
32306.4380
32306.4411
328206.7353
323K2,.6139
323/K2.5252
32368 ,5255

+/-

2.293
¢.¢05
G.022
2.n0s
?.2C3
2.205
C.006
Z.001
2.003
€.023
0.006
0.003
C.286
2.605
C.0082
7.0€1
C.201
Ae?10
Z.C01
0.010
.01
?2.210
7.C1lO
C.010
Z.510
2.%10
2.201
0.061
P.ezl
?.010
0.210
P.013
Z.201
2.007
G.010
.013
P.010
7.2€5
A.res3
£.005
0.¢10
?.206
C.210
Pe203
2.201
@.035
2.212
2.0¢1
7.0061
B.001
¢.004
g.004

nN-C

RESIDUAL

2.63h1
3.23506
D.0327
Q.0343
C.0320¢
2.9330
Z.037%A
P.0313
2315
G247
P.0241
2.2379
0.0374
2.0390C
@.2337
5133
2. GU2HA
Oea2a
ZeP/13
ZeQUul19
De2344
3.0347
D303
02331
Q.2340
G.0323
C.0T340
P.0343
D.C346
l.2380C
D BRI
2.2376
D.0365
ZeBHun
C.C438
D«DH804
C.0592€
BeB4l17
Te@3RD
De2427
D THUE
@De2359%
P.8343
PeC375
2.0383
@.0385
A.8340
F.2371
P.0383
P.0380
B.0443
2.03%4

OB5SELVER

TECZA
TEMCHA
TECZA

TECZ A

TECZA
TEMCHA
TECZA

TECZ A

TECZA

TECZA

TECZA

TECZA

t: TECZA
TECZA

TECZA
HUFFERL,KOPAL
HAUFFERL,KQOPAL
YALLTER
HUFFER, KOPAL
PAGACZEMSKI
MERTENTALER
BANACHIEYICZ
BAMNACHIEYICZ
BANACHIEWIC?Z
BANACHIEWICZ
BANACHIEWICZ
HUFFER, KOPAL
HUFFERELKOPAL
AUFFELR, KOFnL
PACACZLEWEKI

: PAGACZEWSKI

MAZUR
HUFFER, KOPAL
SZAFRANIEC
tPASACZEYEXKI
:SZAFRANI EC
:SZAFRNANIEC
SZAFTANIEC
SZAFRANIEC
SZALAFRANIEC
JASKO
SZAFTENIEC

SZCZEPANOYSKA
SZCZEZPANQOYSKA
.PIOTROWSKI

SZAFRANIEC
POCHER
PIOTRO™SKI
HUFFER, KOPAL
HUFFER, X{QPAL
SZAFRANIEC
SZAFRANIEC

AEFEREINCE

Helia (D) 2, P
VAR «STAR '9 .2,
L« (B) 2, P.
AsA.(B) 2, P,
A.Ae(3) 2, P,
VAR, STAR 9.2,
L.AL(DB) 2, P.
Nefiea (B) 2, P
Acfhie(B) 2, P,
Ae A (DY 2, P
fieA.(D2) 2, P.
Adshe (B) Z, P
Fko!:lo(U) 2+ P
AsAL(BY 2, P.
HeAe (D) 2, P
APJ 114, P.
LPJ 114, P
HeHre (B) 25 P
APJ 114, P.
A.A.(B)Y 2, P.
Nefe (B) 2, P
Hefia (D) 2, P
AdAL(DBY 2, P.
A«AW(3) 2, P.
A.fie (B) 2, P.
A.A.(B) 2, P.
APJ 11l4a, P.
APJ 11la, P.
APJ 114, P.
A.A.(B) 2, F.
LeAs(B) 2, P,
Asfe(B) 2, P.
APJ 114, P
HeHra (E) 2, Po
!\.1:{.(8) 2] P.
A.A(3) 2, P.
Ache (E) 2, P
Hebhe(B) 25, P
Ao!:io(E) 2) P.
Aelfia (B 2) p'
Ashe (B) 2, P
f‘\o[‘\o(E) 2.’ po
Nelfia () 2, P
Leho(B) 2, P
A.he (BY 2, P.
Nefre (B) 2, P.
AN 279

A.A.(B) 2, P
APJ 114, P.
APJd 114, P.
AA(B)Y 2, P.
Asho(3) 2, P

79

24
P.
94
24
24
P.
24
96
94
94
24
94
94
24
94

297
297

96

297

97
97
37
27
27
27
27

297
2917
277

7
97
27

297

71
97
91
21
91
91
91
27
21
27
92
27
91

97

237
227

71
31

127

127



HELIOCENTRIIC

JULIAN DATE

32868.5799
22%92.676%
32941.505%6
32946.2370
329%96.4226
33222.4637
33002.46472
33226.3716
33027.5K/76
33739.5173
33153.4565
33155.,4591
23155.4550
331585.4600
33157.%3472
33162.2005
33185.2392
331%35,339%
33185.340¢
231%35.23427
33191.31353
32197.2900
332192.43783
32234.3367
33242.71@1
33277.2540
32332.3547
332332.354C
33239%.2235
33412.43%0
23413.4121
3341%.4140
3342372 ,3A30
23455, 46450
324585.4637
3281h/.421173
3235871 .a4747
2389/ ,.,572239
Q2B E.5TAHA
I3/ATS.322¢6
23712.441%
337124440
33718.4239
33731.5677
33731.5742
323737.54172
33737.54309
22737.54763
333%3.364%
33%382,3420
ANZE5.23 10

34@72.3340

+/-

Z.310
Z.803
f.CC5
C.0010G
C.DE27
.3

0.005

De@Z3TH
0365
?e.303
P.001
7205
e 13

?.007

C.C21
Tefd1
C.231
C.2A3
.01
(Fe@MHS
Te312
a1

e o
o

DS TS I B TGN I G BN
« & e e @

OO ANLTRNAQ

&
.
[ IS I v

—_rm (N @D R - QAR
DR = AN RN -

O RS I &
L ]
2

Z7

19

.

uaxNnnAEaan
— <
QQ

N a2
* o
[anv I BN
— sl pee e
Q2 A

Z.010
Z.031

0-C

NESIDUAL

Ze@Q4uld
M.B431
PeBali
P.5385
D435
D334
2.2389
G412
B.eG4u2g
©.23327
@.4294
Ne32C%
G.0374
D .Ta2Y
J.2391
D .0399
G404y
Ne@uz9
DeCall
De.0448
G.2373
C.2336
D.0336
Ge.32%
«A391
« 2324
2411
call
YIRS
24013
« 22321
Al 0
e ZH25
472
«ZH22
Te373
T.0395
3 .D2%3
ZeDl4ll
Z«@375
F.0363
C.239%
C.0418
D388
Ce@4us@
¢e.2357
D«eD3373
De@al7
C.73%0
Pe2398
2.03393
DeB367

R0

e anaQ

OESERVER

SZAFRANIEC
SZAFRANIEC
SZCZEPANOWYSKA
AHNERT
SZCZEPANOYSKA
CSZAFRANIEC
SZCZEPANOYEKA
SZCZEPANO'ISKA
SZAFRANIEC
SZAFRANIEC
PIOTROYSKI
SZAFRANIEC
SZCZEPANOYSKLA
SZCZEPANQYSKA
ANFFER, KOPAL
HUFFET™, XOPAL
PIOTROWEKI
SZATRANIEC
SZCZEPANOTSKA
SZCZEPANOVSHA
POHL

POHL
PIOTROWSKI
SZAFRANIEC
HUFFER, KOPAL
POHL
SZAFRANIEC
SZAFRANIEC
SZEFTLIIEC
SZAFANIEC
PIOTROVEKI
SZAFRAMIEC
POHL
SZAFRANIEC
POHL

TORM
PIOTROYSKI, S
PIOTROTSHILS
SZAFRANIEC
PIQTROVSKI
POHL

DOMKE

POHL
SOFRONIJEVIC
BOR™

POHL

BEHM

DOMXE

DOMXE

DOMKE

POHL

POHL

FEEFEREINICE

A.sfhe (E) 2,
fie ie (B) 2,
AsA.(E)Y 2,
AN (B)Y 2,
A.AHL. (B) 2,
fie hoa (B) 2,
AJfA.(B) 2.,
A.A. (E) 2,
A.A. (D) 2,
Nefiea (3) 2,
H.A. (3 2,
Aehre (B) 2,
HNefia (D) 2,
HAehe (B) 2,
APJ 114, F.
HPd 114, P
fie fia (3B) 2,
fefie (D) 2,
AeNne (B) 2,
AeAL(D) 2,
Hy 27%

Hr 279

NefLe (B2) 2,
A.h. (L) 2.,
HAPJ 114, P,
Al 2772

fiefia (13) 2,
NeAd(B) 2,
Lie s (B)Y 2,
HeAs(BDY 2,
ffeAa () 2,
Rebhie (B) 2,
£ 277

fiehe (L) 2,
£N 279

Hr) 231¢3),
VAR , STAR
AR, STAN
AsA. (D) 2,
VAR STAR
AN 281C2R),
AN 2%31C3).,
ANl 281(3).,
NN 231C3) .
ANl 2831C3) .,
HN 23103),
Ay 23103).,
&N 281(3),
AM 281(3),
AN 2310232,
AM] 2%1C3),
AN 232, P.

P
P.
P.
P.
P.
P.
P.
P.
Pe.
P.
P.
P.
P.
p‘

80

97
91
22
27
32
21
92
?e
91
91
97
71
27
72

277
297

D

4

F.
P.
P.

.

P.

77
91
97
92

27
21

227

P.
P.
P.
P
Fo
P

©
e

P

16.1
16.1

P.

16.1

P.
p.
P.
P
P.
P.
Pe.
b,
P
F.
P

27

114

s P
27
s P
114
114
114
114
114
114
114
114
114
114
114

€35

4%
40

40



81

HELIQCEMNTRIC n0-C

JULIAN DATL +/= PESIDIAL NZSENVER CTEFLRENCE
340921.3290 Z.001 '‘Z.@392 BIDN ny] 232, P. 235
241%4.4310 Ce@1 @.2234 DBORN i 282, P. 235
34135.55%¢ D.001 2.9339 POAL AN 282, P. 235

34269 .4257 GeCH1 P.2327 BORN AN 232, P, 235
34349.5120 C.0027 Z.23%% LENOUVEL,DAGUIL VUALR.STAR 16.1, P. 41
34291.3460 C.021 B.7233 PO.L AN 232, P. 235
34481640463 C.007 ®.733%0 LEMOUVEL,DAGUIL VAR.STAT 16.1, P. 41
34440 .353@ .02 C.22376 WROBLEWSKI URaNIf4 SUP. 1, P.3S
3HHH0.3SBG @B 1 Z.2446 DOAKE Al 282, P. 225
34446.325C A ©.8354 EBORN AN 282, P. 23S
34452.23073 Z.071 ¢.%411 POHL aN 282, P. 235
3445%.2%20 CuZ@2 Z.0329 VROBLEYWSK URANIA SUP. 1, P,3S
38471.4250 C.re3 Z.2351 OTUINOWSKI URAMIA SUP. 1, P.35S
24575.4152 2.002 @.(3%4 WROBLEWSKI URAMIA SUP. 1, P. 36
1453 1.383¢2 F.Z0G3 C.2347 YROBLEWSKI PANIA SUP. 1, P.35
34587 .3606 T 004 ©.9307 WROBLEYSKI "MANIA SUP. 1, P.35S
24622.3940 D001 %.0356 POHL AN 232, P. 23S
A4A36.3790 C.001 C.0u43 POHL Al 2%2, P. 235
34703.2035 D.BB7 £.2347 LENQUVEL,DAGUIL VARLSTAR 16.1, P. 42
34715.259¢ P.PC3 @.2377 WROBLEWSKI URANIA SUP. 1, P.35
34356,2910 eG4 2.7300 "WROBLEWSKI URANIA SUP. I, P.35
34213 .4500 DeC72 @.02359 WROBLEWSKI URANIA SUP. 1, P.35
349461.477€ C.004 ¥.,223%8 VROBLEWSKI URANIA SUP. 1, P.35S
34961.478C Z.RCO 0.324% WROBLEWSKI URANIA SUP. 1, P. 36
34979,40393 0.05C6 Z.227@ "TROBLEWVSKI URAMIA SUP. 1, P.35
24791.25927 P.033 Z.0345 VNOBLEYTSKI URAMNIA SUP. 1, P.35
24991.2698 Ce0gY ©.235% JODLOWSHI URANIA SUP. 1, P.35S
24%21.2620 0.203 @.7375 SZCZEPKOWSKI URaNIAa SUP, 1, P.35S
34991.263% Z.003 Z.2385 MARKS URsNIA SUF. 1, P.35
234997.3349 BT #.2232 SZCZEPKXKOWSHKI UnaNIs SUP. 1, P.35
34%97.335%2 Z.e033 ?.0243 MANKS URANIL SUP. 1, F.35
34997 .336% 7.003 @.2353 "“ROBLEWSKI,0N7ZDZ URLNIA SUP. 1, P.35
35¢3%9.2910 D.205 @G.0277 VROLLEWSKI unaNlA SUP. 1, P.35
35010.4531% (e @04 @.%325 JODLOYSKI URANIAL SUP. 1, P.35S
354G .2630 0.293 Z.72332 JODLOYEXI URANIA SUP. 1, P.35
35133.3%390 FeG@2 P.2325 VDOBLEWSKI URANI4 SUP. 1, P.35
35155, 12523 3.022 2.0343 JODLOWSKI UmANIA SUP. 1, P. 36
3516%.2530 DB G.2312 "ROBLEWSKI URANIA SUP. 1, P.35
35131.4C10 T.004 f.2315 VROBLEYWSKI yRPAMNIA SUP. 1, P.35S
351922.,23316 Z.001 $.2333 TROBLEWSKI UnaNIA SUP. 1, P. 36
35224, 4240 .03 %.0354 “ROBLEWSKI URANIA SUP. 1, P.35
252423540 QeG4 C.02%6 WRODLEWSKI URANIA SUP. 1, P.35
35242.,23619 0.002 Z.0345 MARKS URANIA SUP. 1, P. 36
3524%.3350 C.003 ?.2314 WROBLEVSKI UFANIA SUP. 1, P.35
25334.23960 D003 2.2342 JODLOWSKI maMNIlas SUP. 1, P.35
3534642479 C.023 %.0327 WROBLEWSKI UPANIA SUP. 1, P.35
25346.3510 CT.004 2.0367 JODLOWSKI URANIA SUP. 1, P.35
25358 .3020 C.005 P.0362 WRQOBLEWSKI URANIA SUP, 1, P. 36
3525%.3050¢ F.003 2.0382 MARKS,JODLOWSKI URANIA SUP. 1, P. 36
35373.2460 2.0C6 0.0267 YROBLEWSKI URANIA SUP. 1, P. 36
25376.2310 0.004 @.06354 WROBLEWSKI UnANIAa SUP. 1, P. 36
235333.3970 Ce?03 2.0299 WROBLEWSKI URANIA SUP. 1, P. 36



82

HELINCEMTRIC 0-C
JUILIAN DATST +/- nESIDUAL OBSERVED NEFERE!ICT
35383.3939 *.e02 G.0231% “ROBLEYWSKI URGMNIA SUP. 1, P. 36
3540 1.326C B.204 2.2321 MARKS URANIA SUP. 1, P. 36
354%1.3310 C.C0u 0.8251 MASLAKIETICZ URANIA SUP. 1, P. 36
35/121.3350 2.002 %.03%1 YROBLEWSKI UR&NIA SUP. 1, P. 36
35413.2730 Be@DN .2296 “RODBLEWSKI URANIA SUP. I, P. 36
35413.2%10 7004 G.2326 1ADKS UREMIA SUP. 1, P. 36
35432, 4024 G.201 9.223¢2 LENOUVEL,EROGLI £5T. ITAL. 33, P. 20
35536.25869 Gepm1 2.9257 RUESTER A 235, P. 161
35554.319%2 7 eGE1 £.2329 GUESTER AN 235, P. 161
35542.2970 B.201 2.2226 CUESTER £11 285, P. 161
35%92.5630 Z. 002 2.0318 SZAFRANIEC Adchre 7, P. 189
35622.4470 2.003 3.0295 SZAFREANIEC NefAe T, P. 1393
35726.432C G.006 B.¥276 :SZAFRANIEC Adlie 7, P. 139
25775.4293 G.0e1 £.7301 LEMOUVEL,DNOGLI AST. ITAL. 39, P. 2@
A58 4% .3520 P02 G.G319 SZTAFRANIEC Adfie 3, P. 130
15360.3290 Y 7.9364 CSZAFRANIEC febe %, Po 1539
ASB79.4270 Goofl M.¢3P4 NUDOLPH (7 255, P. 1641
35304, 5060 2.002 (0.62%1 SZAFRANIEC Liefse &, Do 139
35909.23140 DeGP2 P.0361 SZAFRANILEC fisfie 8, P. 195
359234.4097 B.001 %.2315 SZAFRANIEC Adche B, P. 190
35934.4%97 G.291 %.¢315 TRUDOLPH £ 235, P. 161
35952.52%9 Dol ?7.6267 TUDOLPH,QUESTER Al 285, P. 161
35959.507C .01 7.22%5 DORR &Y 235, P. 161
350% 3. 4160 C.201 @.2324 DOTT A 285, P. 161
36023. 4545 D.GB3 =-B.5676 :SZAFRANIEC Bafie %, P. 190
A6226.4400 3.271 B5.2274 PRUDOLPH M1 285, P. 161
26026.4445 AR 7.%314 SZAFRANIEC fhefie 3, P.o 190
26075.4490 Zenm1 7.6311 RUDOLPH Al 235, P. 161
34106.5240 C.2C1 2.3295 DORR Al 235, P. 161
24166.232¢C €.001 .0259 BRAUNE £N 235, P. 161
36173.4590 C.001 C.0304 ERAUNE £11 235, P. 1561
3628%.4430 0.391 D.2762 RUDOLPH L] 286, P. 210
3620%.5210 .00 7.0239 BRAUNE (M 236, P. 210
2636%.4309 .01 @.0301 RUDALPH £ 236, P. 210
26454.326C 7.005 %2.0232 SZELIGIEWICZ, A A.h. 17.1, P. 68
26A454.23420 C.CBH 2.0292 MARSZALEK,FLIN  A.A. 17.1, P. 6C
36460.3220 0.006 .%2209 SZELIGIEYWICZ fiefre 1741, P. 6D
3646@.31237 7.C04 @.0240 PANKOW Aefie 17.1, P. 60
36712.52@30 G.cel ?.032% TUDOLPH £ 286, P. 210
368 16.497S 2.091 2.9234 SURKOVA IRYS 27, #501
36%23. 6663 G.307 #.0237 EMNGELKEMEIR YAR.STAR 16.1, P. 48
36%%34.6236 3.%07 @.02p1 ENGELXEAEIN VAR.STAR 16.1, P. 48
36993.3950 CINCYCE 0.0236 MENDE 6N 283, P. 169
37000.565C ?.001 G.0221 MENDE AN 23%, P.o 163
37006.5390 ¢.r@] 3.2193 MENDE AN 28%, P. 163
27017 .2922 AR #.2156 MENDE A 2%%, P. 163
37018.4900 2.001 2.0183 BRAUNE All 283, P. 168
37024.U4660 0.291 @.0181 BRAUNE AT 288, P. 163
37048 .375% 2.201 0.022¢ MENDE AN 283, P. 168
37079 .4500 G.001 P.0205 MENDE AN 23%, P. 168
37143.23%86 GeBBS $.0155 WISCHNEWSKI 3AV RUND 22(3/4),P24
37146.3320 2.002 %.9184 SZAFRANIEC. A.A. 13.1



AZLINCENTRIC
JY'ILIAN DATE

37132.4@80
37202.553¢
27227.5551
3724/A.7736
37263.5126
37311.3250
37312.513¢
37317.30229
372317.303€C
37403.36A27
37526.4645
37526.4705
37E83%.,4260
375104. 4060
37545,5920
375S3.3726
37556.3%519
27556.3545
37562.2373
375A3.5230
3756%2.5219
37877 .6929
37574.2%00
27575.4710
375%2.6436
275%2.6510
37887.42106
27883 .6274
37623.2%39
37624.4333
37642.4020
37643 .2937%
376AC.23420
37661.5392%
37667 .51C0
37627 .3%50
377H46.32A0
27777« 456710
Q7733.4537
3733 1.45887
37837.4360
27387 .4440
27%29.3332
37399.23%50C
27%99.3240C
37995.,3554
3792%5.3430
27911. 3360
372 11. 34560
37212.5334
27917.2119
37917.31689

+/-

.71
CG.201
Q.07
D.007
C.007
DeZ0G1
P.031
DewO1
C.7201
7.201
G
B.006h
DeC1
D& 1
D201
Z.201
Z.0225
F.0E5
C.2Z@l
Z2.201
P20 1
D227
D201
QeDZ1
Ca.Ca7
C.2@1
P.2721
T.A27
Tl 1
Z.001
Fa71
D.001
De@l
D367
G071
TG 1
T E ]
P01
G.001
IGIR A
a7
e
C.208
2.903
e {54
(a2
D.PGS
7005
C.CE1
@31
(e 223
Canm]

0-C
RESIDUAL

2.2153
C.0125
P.2143
P.Z137%
2.2143
B.2166
B.0143
Z.00173
F.01%3
G.g192
C.C108
B.016%5
2.2127
C.e0235
D.0212
2.0132
J.216C
P.0195
0.0257
D.0214
D.0182
P.0128
2.0162
P.0119
0.0133
Ze.B204
Z.0124
Z.2136
D.2139
D.0134
0.0637%
7.2136
DeD2027
B.01326
F.2165
Z.2122
Z.2159
Z.C1l1l4
P22 1
FeZ145
F.102
D242
Z.20127
G.Ra127
G.0217
Z.2294
B.0144
G.a112
T.2211
T.0133
0.0E99
T.C 147

OBSENVER

FOHL
RUDOLPH
ENGELKEMEIR
RUIZ
RUIZ
MENDE
MENDE
MEMNDE
POHL
MENDE
SZPOR, CIENMNOLON
SZELIGIEWICZ.,CI
FERNANDES
FERNANDES
FERYJAMDES
JUNGELUTH
SLO™IK
LUBOIECKA,CZEDR
FERMNANDES
FERNANDES
FERNANDES
RUIZ
ERNAMNLCES
FERMANDES
nUIZ
FENMAUDES
MEMNDES
EMNGELKXEMEIR
MENDES
MENMDES
SOFFIMAN
HOFTI1AN
HOFF.1AN
VAN GENDERIN
HOFFIAY
t FETMANDES
FERMANDES
FZRMAMNDES
SCHURLERT
HOFFMAL]
SZELIGIETICZ
FLII
SZELIGIE'ICZ
SLOVIXK
FLIN,CZERLUNCZA
SLOWIK
SZPOR,SZELIGIEY
SZPON
SCHUBER
SURXQOVA
SZPOR
MENDES

83

REFERZNCE

A 238, P. 672

£l 288, P. 168
VAR.STAR 16.1, P,
JAR.STAR 16.1, P.
VAR.STAR 16.1, P,
2] 2%%, P. 165

Aoy 288, P, 163

Ny 283, P. 168

4N 283, P. 69

W 2838, P. 163
[iefie 1741, P. 66
fiefie 1741, P.o 6B
Nl 2%3%, P. 165

AN 28%, P. 163

Al 2%3, P. 163

LN 2%8, P. 163
fiekie 1741, P. 67
He He 17-}.) Po 6&)
AN 233, P. 163

£ 28%, P. 168

LN 28%, P. 169
VARLSTAR 16.1, P.
A 28%, P, 169

AN 233, P. 169
VAR .STAN 16.1, P,
AY 288, P. 169

41 2383, P. 1697
VAR.STAR 16.1, P,
AN 288, P. 1569

(M 238, P. 169

Nl 2%8, P. 169

Ny 23%, P. 169

AN 233, P. 1567
UARLSTAR 16.1, P
Al 233, Pl 163

Al 23%, F. 169

] 283, P. 1569

my 232, Pl 169

L] 2833, P. 169

G 233, P. 169
fiefie 1741, Po 68
Nefe 1T7el, Po 62
Ashe 17.1, F. 60
fisnfie 1741, Po 60
fAehe 1T7el, Po 60
Asfie 171, Po 6L
AdAe 1741, P 6%
NefAe 17.1, P. 6C
All 288, P. 16
ICVS #50C1

fiehie 1T7el, Po AD
"l 233, P. 152

49
49
47

S@

50

51

51



ACZLINCTMTRIC

JULINN DTS
27223.23%%
I7924.4%70
37242.019G
37954.23430
27254,3720
37960.2370
3796023463
2727342730
337233.3730
I9CT3.23720
3%8021.2360
33221.373¢
33322, 4945
A37222.4230
3%252.3720
3830%92,42%7
33242.4190
A%24%.3996
383243 .4027%
3323hR.6435%
38287 .8414%
3%29%.852%7
3%299,7332
33304.5727
333178.5%549
3%3311.7423
3821%5.326A7
[3402.5779
334015.7266
TN .4230
3%511.2529
3%511.356¢
33589 1.4437%
38h4T 44339
A8652.2%69
3%3652.23%90
2 AT 3150
33670.2203
39676.2921°¢
23%691.8273
3369K.6023
33714.5335
33745.6153
38%2%.28183
IBBU2 1220
339234 .4677
23977 ..4890
33977.4915
Q8277 .49382
3900%, 5438
39725.3028
390p32.4730
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7

CeZ10Q@
T.CR1
Teld@7
D.0@1
7701
CeZ01
Be3d1
BedD1
B.2@1
Z.002
e OG22
z.228
7.333
7003
P.201
C.C01
De.00C1

—_—— (TR AN =) NN NN

SO
Q2

0-C

=TSl DUAL

D.21726
e 144
GeB176
OB 1
Cel81
DeDEAA
Be31583

L]

xR
—
K
—

L]
— e (] = e
— (1 RX DR
NI\ WX

—
I
J

T3 Y
2 1E6

Te@131

DRI LOR®
L]
LO B EEO B BRI

.
I\S]

[
2
2

)

2R
L]

D]
.

@
—
~

D@26
Z.Cloa
T.D122
C.C11E
C.01G0
J.21592
723731
DeTRDAD
P« 3245
Ded@B 4
DeB 142
O3
2147
Te@ 128
D054
Je P25
I SROR NG
« 7052
.3 132
MeB7Z54
5536
S RLRIN A
Fe@@44
D@46
Ge@23C
G.0229
D.CEBHS
~-Z.0%0BS
2.C020
PePO35
B.2227
Z2.0012
P.0019

0 ™

2

7

o

Q
Q

Q

QEEEDUVER

SZPOR,
RIEMANY
(IENDE
SZFoOR
RIEYMANN
SZPQoR
MENDE
SCHUBERT
ORLOVIUS
FERNAWNDES
QTLOVIUS
SCHIUIBER
JANSEY
SCHUBERT

SCHUBERT, GNLORAT]

JANSEN
JANSEN
LUEDWIECKHA
SLOWIK
STOKES
STOKTS
STOKES
RUIZ

RUIZ
STOXES
nlz
ORLOVIUS
STOKES
STOKES
TTOQLLSTELN
TOLLESTEIN
SCHWENK
FLIN

MAK

KRAUSELER, JORBGLH

NDLOVIUS
: POHL

SAMOJLO
SURKXOoVA

BURKELLOLLAND
BURKELLRQLLAND
DURKLI,TROLLAND
BURKEZ,NROLLAND

APISTENS0N
SZAFRANIEC
SZAFRANIEC
TRUSKQYSKI

MIKULSKI,KREHOR
SAMOJLO, BARSKI
BURKE, ROLLAND

MINTI.,JON
MINTI.,JON

TIZFERLICE

[iefra 17«1,
AN 28'-1 D-

IEw| 288) P.

fioplo 17.1}
Nl o22%, P.
fielne 17.1,

£ 283, P.
£ny] 288, P,
(71 233, P.
A 2%%, P.
(L] 23%, P,
At 239, Pe.
IBYVS #22¢

LM 2838, P
L2322, P.
IBVE #2330
IBYISE #3232
fiefie 171,
HNeAe 1741,

VAR .STAR 16
UYAR.STA4R 15
‘71»‘\?.. ST[tp. 16
UnR.STAR 16
VAT, 5TAR 16
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I2246.83166 De 2% Z2.00625 HECKATHORN P. GOODSLELL 0OBS. #15
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39141.2450 0?10 .0260 LTITACIRE All 28944, P. 121
39245, 4250 .Nrl  -0,.7012 SCHUBERT,GROBAN AN 292, P. 185
32327 .527C 5.C01 =-0.C013 STOKE 1BYS #18p
39362.36%0°  B.4501 @.0974 SCHUBERT,GROBAYN AN 292, P. 135
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39701.%139 G.G10 -0.2822 DBALDYIN IBUS #795
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37749 .6255 Z.071 2.0223 STOKTS ICVS #247
232763.7520 R ofotc 2.0257 SAINEDR IRYS #795
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39%17.750% B.01¢ =-0.0816 COOK I3VS #795
39%22.5450 0.2068 B.G124 SANUTR IEVS #7235
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39325.672¢C G017 -0.9374 CRAGG IZVE #7735
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39367.776% .12 -0.0847 SAMIER 2UYS £795
333EC. 7340 a1 0.%933  COO0X ILUS #7925
21%72.7400 N.310 N.206% COOK IDVE #725
29377 .5 147 C.E01  -2.00F2 22222 IBUS #285
39%7%.7126 0,010 C.0025  COO0X ILVS #795
293%2,29237 TG 1 0.003% SCHURERT,GRODAN AN 292, P. 135
233%4.6850 7.210 =-0@.3007 COOX IBYS #7295
293344 A%90 C.017 2.6033 CRAGG IEYS #795
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392 15.766% 5.908 Gi.€237 BALDYIN IBVS #795
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(] 223, P. 1673

(M 233, FPeo 157

LN 288, P. 163

0l 29%, P. 167

£ 292, P. 135

ISVE #3309

IBVES #3722

] 233, P. A2
THTLL.STER 1601, Fe 53
ISV #112

IBYS 27, #501

Ad 71, P. 233

HOSTREQON .AP. 370, P.261
Nefialb, F.o 153

P, G00CSZLL QOES. #15
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AELINCENTNIC c-C

JULINAT DATE +/- TZEIDTSLL NUSERTER OTFINTNCC
3%2216.420¢C T.0731 -C.E0887 SCIHUBERT, GROBAIl £ 222, P. 135
37327.6270 el -D.0049 STNLALS I12Y1Z2 rl132
32N36. 4720 A M.222h  SCANLZZERT,SNOZAN [N 222, P. 185
39811.759% C.l -Z.271¢ STOXTS IV w221
22774.7230C Z.20% -2.0€16A SANIIET I5YS #1795
22345.247¢ 2.001 00228 SCHUDERT,GROBL] AN 232, P. 185
HqOAPSL .41 AT .1 CeAaz2 HKIZILINMAK, KUY IBYS 27, #456
403127.3272 G071 D.206405 SATIonLY IBYZ 27, #4556
A 132.36%9 T8 1 ZellDN3 ROSSATI HETR0MN 6P 306, P.261
AP 220 4 5577 Fa0CE3 Ca2050C SORTLE [3VS #735
Ne274.337% Ta321 -N.00E7 SUNKNMA IBYS 27, #50C1
Q2513 4 3H/AD Nz} T NED DEMITCAN IBYE 27, #9306
HPTED . 430 2.0 ] TP SUTKOVA Ipves 27, #5€1
NCR1.276C Tl 1 -2.0219 DEAITNCAN [sve 27, #4530
N10323.51723 el -0eC17 HEZTMCIEGL, FRIEDOE ASTRON.AP. 28, P26
NA11A2./41069 Tl -7.0213 SaronaLnt [C2VE 27, #647
A1137.4533 Z.2721 -.7Z217 SENRONICA 1212 27, #647
N1323.2257 De7] -D.2Z21 5007 ITVS #2227
HIBART 42147 el -~ 20E7 EBENSEBENARER I1Z2VS #3237
H1A77 4327 2791 Z.n02% DUNIBECK LETROMNAP. 20, P.26A1
Al703.6332 G 7.2336 CHAAIIZCLISS IZVUS #833
L18A0.H3785 Z.7C1 De @754 HUCHK IZVUE #9537
N1354.%551 M1 -0.2006  MARGEAUE, LUTHES IBYSE #1013
41222.715%5 Caf2} D.224UT CilmifGLISS IBY7S #8883
A0 N TORA Tl e a3 CHAMBLISE I1BYS #3323
N22238,7430¢ Ce P/ T.20321 MALL AN 1T #9354
N2239 ,C23(% ORI G047 SC/E I8 #1252
42337.72£5 ©a.Z21 €003 DOOLITTLE, ZVAIIS oS #1613



RESIDUALS DAYS)

1. 0-1

@

0-C
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YEARS



HELINCEMTRIC

JULI AN DATE
19812.3772
A4 135, 4477
34253 .27 A0
IHHuS55. 4170
34A0S.3053¢
25332.4700
35442 .39%C0
389859 .4440
2HIOALETRD
3A16HA.5329
262726.5120
362306.5110
3A%4D 23508
363859 .2957
375%2.0RA0
27/696.2259
373973.3707
379@3.3728%0
377223.3830Q
37232.3340
33593.434¢
34742 .2350
3%753.2373
33322.23453(0
383977 .4%17
41040, 4327
HOA2DH . 4135
NS 34 .3550
H423751. 4412
420N, 2234
(4064 ,2%320
Q4127 1.3342
N1671.23020
41238%,339%5
0H1291.245%
42023 .3357
H22A5. 4322
N2265.4%836

cHPonnLNnsY

TCAnLC =

+/-

D210
G el
G.2%1
%001
oI CICB
P71
B.0%1
L0 1
201
201
YA
G
Nty

221
271
021
.20 1
.01
L2001
031
ok
B
TR
M.l
g.210
Z.001
3.701
Z.GG1
LB
021
L2
721
2T
D001
RN AGR
D e O}
2.001
2021

2

OO IARN IR

M anNy

fxs ]

ho)

nr

JD 41A71.3977 + T x*

n-C

RESIDUTAL

Ve@AII
fe@25F
T.m1833
C.Z301
FeD26H6
r.F127
B.2134
C.0277
7 .W357
2.2151
NeZ1E2
Z.011¢
B.0213
.32
ReBUaDT7
2.2313
P.2123
BeD273
BeD227
Z.Z134
Ce@275
Z.C141
D.111
0 e A7T 4
7 .C033
C.e2C73
Ne.2659

7.0000
-0 .2204
-Z2.0022
-2.0023

3% JSSCNUATINNME

DESENRVER

ZINNER
POHL
Po:iL
P0HL
LoHL
RUDOLPH,
PQHL
PUIPDOLPH
RUDOLPH
RUDAOLPH, BRAUNE,
PUDOLPH
tERAUNT

LRAUNE

GRAUNLE
FRRNANDEZ
FERNANDES
KIZILIEMAK
FERMANDES
BRAIIS

MNASUCH

FLI

KPRAUSSER

POHL
KIZILITMAK
IZAMONLY, CUDLE
RICKE
DEMIRICAN
EMDRES

KamACAN

MEIER

HoLZ

DEMIRCAN
PATKOS

PATKOS

PATKOS
IB3ANOGLY, GULMEN
IBANOGLY, GULMEN

J £

OF TWC{.S

142332507

REFZITENCE

HN 4679, P. 454
£ 292 P. 235
£ 232 P, 235
Nl 282 P. 235
Nl 232 P, 235
(LY 285 P. 163
£ 235 P. 163
AY 285 P. 163
41 235 P 163
£HM 285 F. 162
HN] 236 P. 21€
AN 286, P. 212
LY 236, P. 21€
A 236 P. 210
LY 2858 P. 169
HN 288 P, 169
£ 2%3 P, A
AN 288 P. 169
Al 2838 P. 169
Al 288 P, 169
A.Nne 17, P. 61
Al £87#4, P.
AN 282#4 P. 171
i) 23944 P.171

ATl
IBVS
IEYS
IRVS
IBVE
ITVE
IBUE
13YS
IBUS
IBVUS
| FEAVAS
IEVS
IBVS
I1BYS

#4586
#456
#5308
#5237
#6477
#647
#647
#3937
#1365
#1265
#1065
#1053
#1253

232#4 P. 191
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SCDAYS)

l IEI & i
Nt
~
S
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; + e+
-
HE
Sl + o+
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RS |
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- - FHpLrt
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SN s + %+
N/ ++ :K'W#r -+
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» By 4_
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HELIJCENTTIC

JULIAN DATRE

14231 .402¢
15291,25¢7
17126.12%22
12288, 4169
281244707
Z25131.520¢
28442, 2480

2E35] 050

2538%.4179
2R874,233%
R%E2T . 4230
23627 . 1430

CEB1IG 030

2392£.23326

22775 .,3330
20213.10¢¢
AIMEX.223@
2AAMR L2270

20612.2500

23124.5177
32188 ,55¢
Q3445 .425”72
33837 ,97¢ 0
G972 . 4940
FHARD AT
Q404414150
3a¢h?. 1140
347/ ) . 3020
AUTA2, 4510
2a23%, 1420
3423%37.337C
34324.23497
20487 L4580

Dt
J <

34543.7212,

TUARR2IL2OERD
46304152
347592,23120
34903.%337
34349 . 4A3D
34983,3509
SN0, 4520

CHTNInLosd 0OF

TCAHLC =

RaA™

29

v

o

[\ IS RGN BN

n QW

SR

LR

S|

TV ORI IQ_XRIAIN

-y -

.
=
—

.
NSRS IR S

. e bt s e s e e
RO NN A

NS IEAN IR EY BN SN EESS TS S
2 -3

.
ha)
—
A
~

J
L0173
.012
.010
702
.07
€01
P10
.203
L0201
.212
.C06

JD

~3

0-C

nTeIDuAL

7.119%
c.1221
P.23202
D.2827
CeM710
C.3%20C
C.C334
FaDI3487
222347
.7922
2212
<1135
. 23223
. 1034
7. 1929
P.1421
2.1323
n.ll1e2

IR AR BN

-y

T.EFTH
C.0274A
D.2346
-1.131%
D 0B230
De2773
t.0632
Z.2722
2.1125%
P.0822

2.07%6
PeD736
DeZ765
D.2A11
DelAST
B.€737
?2.0749
@.0735
-1.0882
G.2711
C.0662

{20 U2 A0

ayYcTT™

SEERVLTIONS

+ T %

pBSTERYE?

LAJT0OV
Lo
Latimov
LAavrnou
Ltimov
LntrRoys
Lauvnny
FRZZA
FRESA
LAaURROV
LaUuroyr
Latrnov
LAaUTR0Yy
LAatmrov
Laiinov
LAt
LAatRpov
st LRy
s LA IRV
Lavnov
FRTEA
FREZENA
FRESA
FRESA
FREZEA
FRESA
FRIESA
JORSRORSYAY
LAURQY
Lamnpov
LLURQV
Laumow
LA QU
LAatImovr
LaUnRov
LA oV
LA oV
LAURDY
LAUROV
LaJnov
X0CH,
FRESA
FRESA
LAUROV
KOCH,
FRESA
LATJRQV
KORDYLEWZKI

KOCH

KOCH

~
=y}

3

95

oF X CZP
3732c2%

RLFERENCE
VAT.STAR 12,P21
AERLETAT 12,P21
VAR 8TAD 12,P21]
TR LETAR 12,P21
VAT LETAT 12,FP21
VAN ST 12,r21
YHhh.ETAR 12,P21
Hhd 67 P 7
HJd 87, FP.o 7
TAN JSTRR 12,P21
THTGETAR 12,P21
WRLESTHR 12,P21
AR L ST 12,021
TR ITARD 2,P21
L. STHT 12,P21
TR L.ETAT 12,P2 1
AR WETAR 12,P21
VAR.STAR 12, P.
TAT L STAT 12, P
UNAR.STAR 12,P21
Ad A7,P. 7
Ad BT7,P. 7
fJ A7, Po 7
Hd 67, P 7
Hd AT, Pe 7
HAd 67, P. 7
Hd 67, FPe 7
£HJ 67, Pe 7
TR .STAD 12,P21
TARLS5TAR 12,P21
AR . STAR 12,P21
VAaR.STAR 12,P21
VERLSTAR 12,P21
AT LETAD 12,P21
A 67, Pa 7
UYL STl 12,P21
VAR STAR 12,F21
YAR.STAR 12, P21
UARLSTAR 12,P21
TR, STAR 12,P21
£d 67, PO 7
Ad A7, Po 7
Hd 67, P. 7
UaAR.STAR 12,P21
ad 67, P.o 7
Ond 67, P. 7
VARLSTAR 12,P21
€HC 2%, P. 123

21
21



ATLIQCENTRIC
JUTLIAT DATE

35247 .q4K80
35275.51702
36231.459¢0
3/520% .53 1@
BRUAG  SH LG
37847 .3%40
37851.4210
37721 .23430
37790 4510
37225.4229
273%4.7320
A30RT7 2740
32257 .23022
32%21.8%2@
NOEI7T.3730
Q01232 . 4423
LUN237.4/177
HNDNT2.ARACH
HQ7512.412¢
UTS20 e 1267

+ /-

Z.021
2.001

T.201L

B.221
7701
7 .206h
271
D21
NGECE|
.00
1O
21T
(017
F.0192
201
Z.001
e TET7
Ze13
A%l
?.201

RN

RO a

C

-
RESIDUAL

2722
72642
«2431
« 2339
3522
U3 L
<A 1Y
L5024
. D325
2667
W25 4
2.721958
.02%%8
2.2122
De2247
P.2016
Le235
Z2.0193
U.025Q
Z.OCHQ

RO IS I N B G

IR BFEERN]

2

OBSERVER

FRESA

FRESA
“I'DOLPH
CUDQLPH
DORE
KURICA

: POHL
OPATNE
DULBALL
POHL
tATININNE
tHIZILIPMAK
tHIZILIRMAK
JEFEY SR ALE
I3aM05LY
IBAYIQGLY
BORTLE
HAZEL
BATMIBACH, G ORZ
GUDUR

96

RETERINCE

frd A7, P 7
Hhd 67, P. 7

LY 236, P.
AN 2846, P.
AN 236, P,

A.A,

210
210
21¢
17, P. 61

AN 288, P. 70

Al 288, P.

HN
PASP

Al 28944, P.
AN 239%#4, P,

12vs
I13VS
Izvs
IBY5
I13YUS
IBYE
IBUS

179
170

8%, P. 7¢C

7S, P. 407
132
122

#735

27, #4554

27, #4t58

#7385

#7225

27, #456

27, #530
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HELINCENTRIC

JUILINAMN DATE
122%1.3223
13456.2240
14553.302572
l14AE% A3 AT
14736.7320
14732, 4430
14796, 1220
11305 2153@
14322 .3210
148 144610
14323, 1%20
14332.75C7
143237.2272
1AZNAR L7000
118310 6. 4747
11359 .A240
14360, 1260
la7/8.764C
143A/2.2447
14373, 4350
14221.3540
14219 ,.,A/2703
14223.7370
11222.2560
14932.36920
14242.5%54C
142407 2350
1542 1.2547
164323.2767
173A6. 1440
134472.56237
19A12.,2030
1934 1.A/220C
21472.4%70
23794 ,A230
24261.4320
24 322.5159
337%7.53010
QA31A0.HAR00
34157 ,.,%729
34683 .47A3
258280.5210
282580, 5210
3529A.2540
35246.5670
35344A.,5A00
35763.2167C
36402,2737

CH{TOIOLNSY OF

TCARLO =

+/=

[ I B
[ N )

A
L]

D

L ]
NI ANV®N 2322 2AAIIE
— D == T M

R D B B B @ |
* & L ]
2 -
DWIREANDN DRI H R

DD QD
.
— T e e D) e

2D
DeDAl
e 27
G711y
C.C12
Nel16
Fef2fl
FJeAC
L.l
D10
Pe20
DeC21
2201
TeBE1
D. 021
Ded011
2271
G.0@1
de2 a1
Z.210
DeCE6

2

JD

56

0-C
DESIDUIAL

-D.3425%
-C.2135
-7, 3142
-0 27234
-7.2003
-C.2132
-0.297%
- e3774
-2.3273
-0.31¢1
-Z,30764
-7.3108¢
« 27253
.2112
e 2T T
3027
« 3935
e 22734
2232
« 3287
L2C 11
« 2194
« 3751
-72.3099
-1.3059
-.3064
~H.29585
~Z 2274
-0 2308
-f.2718
-.4102
=277
(e 2797
-C.3392
-Ced4103
-0.44211
-F.4255
-2.338%
~-0«3362
-P.3123
-P.2349
-C.2721
~P.2721
-P.2675
-0.2627
-R.2527
-2.2401
—5.2458

|
RIS O

1
X

NS /Ne AZE0

NDERRYVATINS

+ T %

ORBSERVER

SCAMZLLER, H.
SLOYIOCKOTOVA
SLOVOCHKOTOVL S
STLOYVOCKXOTOVA
SLOVOCKOTOVA
SLOYQCKOTOVA
SLOVQCKOTOVA
SLOVOCKOTOVsA
SLOVOCKOTOYA
SLOYVDCAQTOYA
SLOYOCKNTOVA
SLOVOCHKIOTOVA
SLOVACHOTOVL
SLNYIQOCKNTNY 4
SLOVOCHOTOV,
SLoVQOCHKXNTOVA
SLOVOCHKOTOUAN
SLOYOCKQTOVA
SLOVCCKLOTOVA
SLOYVOCKOTOVA
SLOVOCKOTOYA
SLOVOCKOTOVA
SLOVUNCKOTOVA
SLOVQCKOTOVA
SLOVOCKOTOYA
SLOYQCKOTOVA
SLOYOCHOTOVA
SLOYTOCKQOTOVA
SLOVYDCKCOTOVA
SLOVOCKQOTOVA
SLOYOCIINTO A
SLOVQCHITOVA
SLOVOCKOTN 4
SLOYIOCKNTOVA
SLOVCCHANTOYVA
SLOVQCKOTOVA
SLOVQCKOTOVA
CLOVOCKOTOYA
SLOVOCKOTOYA
SCHMELLER

SZCZEPAMNOYSKA

SCHNELLER,
SCHNELLER.

He
He.

SZCZEPANO"SKA

SCHNELLET,
SCHNELLER
SCHNELLER

H.

2F 5'CY G

AeST2340C7

98

NZFERENCT

HN 237

VAT . STAR
VAR STAR
VAP, STAR
AT e ST
AT, STAR
AT STAR
TIAT . STAR
R STAHR
UNL.STAR
UNT . ST
VN STAT
VLT LETLD
VLT L STAR
AR W STHTR
ViR« STHR
UAT.STAR
VeD . STAR
Valle STAHR
AR STAR
VAR .STAR
VAR STAR
AR« STAR
N« STAD
L. STAR
VAL . STAR
VaRe STAHD
TTAD L STAR
AT . STAD
AT L STAR
L4l 237

AN e ETNTR
TARLSTAR
TARLSTAR
AT STAR
TARLETAR
UaAR.STAR
VHe STAR

fJ 64C1272)

VAR« ETAR
LN 287
S[\\C 28)
AN 287
AN 287
SAC 28,
AN 287
AN 287
NN 287

P.

P.

19.1,P.22
12.1,P.22
1 #1(85)25
12.1,P.22
1. 1,F.22
12.1,P.22
10.1,P.22
ie.1,P.22
10.1,P.22
12.1,P.22
12.1,P.22
18 1,P.22
le.t,F.22
18.1,FP.22
1¢.1,P.22
l1z2.1,P.22
12.1,P.22
13.1,P.22
1C.1,P.22
12.1,P.22
l1e.1,P.22
e #1(85325
12 1,F.22
12.1,P.22
1g.1,P.22
10.1,F.22
1 #1¢85>25
12 #1(85)25
12 #1¢(35)25

12 #1(85)25
10 #1¢(85)25
e #1¢855325
12 #1¢(85)25
1@ #1(BS)25
1@ #1(85>x25
12 #1¢(85)25
P. 259

10 #1(85)25

1c3

123



HELIOCEMTNIC

JULIAN DATT

36430 ,.343%
26422 .404967
26457 .737507
36737 .252¢
32640+ 6620
327047050
NAZTI 7150
NENHSHe A3S0

+/-

C.01¢
2.21@
G010
G010
TelC%
O.227
7.203
B.C1D

0-C
DESIDUAL

-D.24H27%
-%.2355
-F.227%
-@.2153
~-P.0525
-2.0312

Z.0029

0.70C0

QLEBSERVER

SCUHNZLLED
SCHNELLE™
SCHMNELLER
SCHMZLLEDR
HAZEL
HAZEL
HYAZEL
ANZEL

DEFERENCE

AN 237
nty 237
Al 287
AN 287
IBYS #7935
IBVS #7935
IBVS #1735
IDVE #795

99
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CHROMQLORY 2F 346 JDBSERVATIONT OF '"'CYS 101

TCALC = JD 25164.3152 + E * 2.31771¢00

HELIDCEMTRIC 0-C
JULIAN DATE +/- RESIDUAL NOBSERVER REFERENCE

16722.5310 P.00H =0.2034 DBLAZXO AN 5270
16722.1610 P.204 =-0.0288 DBLAZKO Al 5278
16752.3%502 .04 -0.00383 BLAZKO AM 5272
16981.2927 G.2C4 -0.9158 DURAN, "IRIGHT COMT.PRINCE. -
16331.3140 2.204 =-0.2013 GRAFF £N 5270
16221.2720 2.704 2.2021 CRAFF (] S270
1A%24.59007 B .004 2.2234 GRAFF (N S270
170A4.2450 Z.204 -G.C135 GDAFF 0y 8274
17177.23%50 C.CCUH =-0.003% H[RAFF £ 527¢
17117 .3370C D.204 ~Q.0049 GRA4FF M 5270
171302.522p 0.2C4 =-2.2097 SORAFF Ll 527¢
17127 ,245¢ f.204 -3.0232 OOAFT Nl 5279
171600040 PLOEN  =2.70%1  GRAOFF arl 527¢
17452.40222 CoeBZH =C.CESS GRAOFF ()] S272
17462.3300 $.204 -0.9%937 DLKZKO LM S27%
17472.2322% B.CCH ~2.0049 GDRAFF N 85270
17428.=51¢ P.C2/1 -0.009% LLAZKD Al 5270
17562. 193¢ P.0OC4 =0.C033 GDAFF £1] 8272
17827 .323¢ 2.02%4 =-0.0933 GRAFF A S270
1375%2.4500 2.710 W.2123 "IJLAMD BAll 5%
13799 ./42%C C.C17 2.0271 MIJLAND BAalT 58
13332.5230 .12 =5.2052 MNIJLAID BANY 53
193402, 5407 AW MeB2%99 ANAFF (11 E27¢
13372.4170 7,00 7.004A5 OGTAFF (] 8270
133%2.331% D10 0174 MIJLAND Dty 5%
19325, 435882 .0 10 De2225 NIJLAND BaYl 53
12235.4470 T.CT4 C.23C00 GRAFF AY 5276
13935, 4510 G.010 D.0040 NIJLAND BaM 5%
183245.4000 C.210 -0.281 NIJLAND zall S3
18245, 4552 CoBTn ?.0059 GRAFF A SETE
1828%,6740 De 13 C.0221  MNIJLAND CAn 5%
13995,1705 D204 7.0¢42 GUATF £N 5276
12 1an. 1630 2.210 .53 MIJLAND Be 5%
121443767 Ce212 CeZC70 NIJLAND DaN 8%
12237.2A70 Z.010C De@B3%4 NIJLAND EAll 53
12260.5210 Z.12 G.C034 NIJLAND BAMN 5%
12229.292%¢ (.210 =-2.29032 NIJLAMD Bl S8
12342, 4330 7eD1G 2.0614 NIJLAND DAN 53
12512.3667 .10 C.2221 NIJLAMND BAN 538
12522.6%002 f.210  -@.0@16 MIJLAMD £t 53
19572.445% B.010 =-2.0023 NIJLAND BAN 53
12A35. 48402 Der 10 2.2%22 MNIJLAND oAl 53
1945%, 7030 2.C19 #.20¢3 NIJLAND By 53
19665.23547 B.010 2.012% NIJLAND AN 5%
17663, 6537 B.010 .C271 NIJLAND DAl 5%
127673.6152 ?.0102 @.0010 WNIJLAND BAY SR
196%85,2510 Z.710 0.2016 NIJLAND EAN S3
127927.4320 2.91¢ -0.0¢€33 NIJLAND BAl 53



HELIOCTENTRIC 0-C 102

JULIAN DATE +/- RESIDUAL 0BSERVER NETEREICE
19962.6190 0.010 -2.0004 NIJLAND DAMN 53
222 10.3%10 G.004 -~@.0040 GRAFF a1 5272
20023.5540 £.010 -0.0019 NIJLAND EAN S5
28253.5120 @.212 -9.0032 NIJLAND SAN 5%
20166.3010 Z.004 -D.2164 GRAFF AN 5270
2P242.61%0 2.210 -0.2267 NIJLAND BAM 53
2P252. 5740 2.019 -0.3038 UIJLAND LAY 53
2P215.6200 ?.B10 ?.2057 MIJLAND EAN S8
2Z325.563¢C B.012 =-C.2245 NIJLAND DAaN 5%
27335.515% P.G10 -3.0056 NIJLAND BAN 5%
2PA355.4163 P.A1Z -2.21€3 NIJLAND BAN 5%
22100.5150 B.004 -2.2273 GRAFF & 5270
22611.4350 .84 -B.2346 GRAFF All 527¢
22621.33%0 2.C004 -2.034% GRAFF Ml 5272
22641.2927 @.%7/4 =-P.3370 GRAFF &y 5276
23879 .2320 C.004 -0.934% GDAFF AN 5270
3G550.63C¢ C.0C4 -0.0A27 “HITNEY fd 55C1139),239
37573.2110 T.204 -D.8626 WHITNEY £J 55C11%9),2380
253 G. 5640 F.004 =-0.9451 VHITNEY Ad S55¢1139),23%2
3193C.6010 2.024 -0.8317 THITNEY AJ 55C1189),232
32252.6120 D.CC4 -G.0623 YHITNEY AJ 55C1139),230
3235%.3400 Pe224 -0.0616 VHITNEY AJ S5C115%9),230
32431.3350 .84 -2.8562 YHITNEY 6J 55C1189),P.230
32736.3370 @.204 -0.0292 “HITNEY 6J 55(1183%),23¢
32304.7420 @.004 -0.9435 WVHITNEY ad 55(1189),230
33053.%920 ©.07%4 -0.0464 TTHITNEY Ad 55(1139),23¢
33151.791@ 2.003 -0.042323 “HITE A 62¢1254),372
33463.656% 0.203 -@.r4a31 WHITE £l 62(1254),372
33506.7300 2.0083 -0.0393 THITE AN 62(1254),372
33539.7239¢ £.503 -2.0330 VHITE £ 62¢1254),372
33964.6400 7.223 -2.0333 “HITNEY AN 62(1254),372
a4329.5%20 ¢.702 -@.92%4 THITHEY AN 62¢1254),272
14521.67220 .03 -0.%235 "THITVNEY L 62¢1254),273
346345390 G.603 -0.0273 WHITNEY AN 62(1254),373
35319 .63%0 Z.203 -9.%17%2 YHITNEY AN 62¢1254),373
3029 .63%7 2.003 -2.0192 YHITNEY A 62¢1254),373
3525%,565¢ 2.603 -0.2152 SZAFRANIEC SAC 2%, P. 128
3526%.5197 2.003 -0.2143 SZAFRANIEC enC 28, P. 1¢%
28231.5460 €.0P3 -P.223% “HITNEY AN 62¢1254),373
35341.515¢ 3.007 -0.0879 SZAFRANIEC SAC 28, P. 103
35364.7340 3.203 -2.012% WHITNEY AN 62(1254),373
AS467 .5820 7.262 -©.0139 “YHITNEY AN 62(1254),273
35686.5607 0.063 -0.0248 UWHITNEY AN 62(1254),2373
357372 .7330 D.9A3 -@.9257 WHITNEY AJ 62(1254),374
35726.366C G.007 -8.0113 SZAFRANIEC SLC 2%, P. 123
25Y22.6% 20 7 .AB2  -2.0026 WHITNCY fd /2€1254),374
36011.6270 0.003 -0.0833 WHITNEY pd 62¢1254),374
26164.315@ 0.207 ?.0000 SZAFRANIEC SAC 38, P. 1C6
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HELINCENTRIC

JULIAN DATE

1949 .7459
14935.2250
16591.0450
18754.8%50
19877 . 6600
19094.4350
19097.25%92
19125.3610
19153.423¢
12164.58323
19195.5350
19223.5720
19237 .6190
19247 .453 0@
19254.4540
19224.6260
19327 .427¢
19327 .4347
19233.45%@
193%4.3%2¢
19428 4647
19442.5210
1351%.2790
12543, 8250
19543.5430
19546 .348¢
19563.25072
19616.4990
1965%,5%90
1966 1.4120
196472.633¢
19904 .5580
19807 «3577
128 18.5%30
198321.39219
19852.2479
19978 .5535
19995 .4048
CRAP6.H624(
2P020.6729
20023.4580
29P23.46041
2BP234”UD
20726.2320
29(337.4910
23037 4250
20037 4279
SERAC.2P 10

CARONOLOGY OF

TCALC =

+/-

2.001
g.e01
8.201
P.001
P.ed1D
D.010
P.010
Z.010
2.010
Z.01@
CG.01%
@.010
G610
?.010
Z.010
Ced1l
D010
C.226
@.010
2.010
2.010
BeR10
G.010
G.oa7
.10
2.010
C.010
D.010
G.01C
Z2.210
.ole
3.010
P.210
0.010
Z.010
B.010
3.008
CICRY
T.010
G.C10
c.210
0.723%
?.003
0.C10
?.010
£.0C1
C.010
C.210

0-C
RESIDUAL

AeT7115
-1.2159
1.3576
1.1269
1.0358
1.2696
l.2667
1.0700
1.2633
1.85158
1.8723
1.0336
1.£0532
1.8853
1.0470
l.2472
leGC4ala
1.2491
1 e 3449
1.2521
1.0310
1.2337
l1.G6262
12234
1 .22%4
1.8265
1.2342
1.305%
1.0027
1. 2038
1.2074
1.0045
B.29266
Z.2751
Ce9963
29767
742
2.9833
De?T7ER
£.9895
d.2686
@.9710
B.9746
0.9857
D.9673
G.2713
R.2742
P90

OBSERVER

SLOVOCKOTOVA

POHL

SLOVOCKOTOVA

POHL

MIJLAND
NIJLAND
NIJLAND
MIJLAND
NIJLAMND
NIJLAND
NIJLAND
MIJLAND
NIJLAND
MNIJLAMND
NIJLAND

SLOVOCKOTOVN

NIJLAND
LEHNERT
NIJLAUND
NIJLAND
NIJLAND
NIJLAND
MIJLAND
FOHL
NIJLAND
NIJLAND
NIJLAND
NIJLAND
NIJLAMND
NMIJLAND
NIJLANMND
MIJLAND
NIJLAND
MIJLAND
NIJLAND
NIJLAND
: LEHNERT
NIJLAMND
NIJLAND
NIJLAND
MIJLAND
: LEHNERT
HOFFMEISTER
NIJLAND
HOFFMEISTER

SLOVOCKQOTOVA

¢t LEHNERT
NIJLAND

127 OBSERVATIONS OF TWDRA

JD 41583.4655 + E *x 2.806%7200

104

REF ERENCE

rAll. STAR

IBVS #443

UAN . 5TAR

IBVS #443

BAalN =8
BAN 5%
BAN 58
BAN 5%
B4l 58
BAMN 53
BAll 58
BArMN 58
BAY 5%
BAMN 53
BAN 53
VAR . 5TAR
BAN 58
AN 4596
BAN 58
oAN 5%
BAM}) 53
B4Ar 59
BAll 53

IEVS #443

BAY 58
B&aN 53
2AN B8
BAN 58
BAN 5%
Bar 53
AN S8
Ball 5%
BAN 53
-an 58
BAN 573
BAN 58
AN 4736
BAaN 58
BAaN 53
BnaM 3
BAN 5%
AN 4736
AN 4723
BAN 538
Ay 4723
VLR . STAR
AN 4736
BaN 58

12.1¢(8S5)P32

190.1¢(85XP32

12.1(85)P32

12. 1¢(35>P32



105

HELINCEIITRIC 0-C

JULILAN DATT +/- nESIDUAL OESERVER NEFEXENCE
20CAaT.3610 Q.10 ©.9784 HOFFMEISTER AN 4723
275443350 Bl 1G Pe270% 1MIJLAND DAN 5%
2P054.3420 B.210 0.277¢ HOFFMEISTER £ 4723
2006%.3%102 A1) @.9%17 HOFTMEISTER Al 4723
2P121.6390 D.010 2.95%22 "JIJLAND DA 53
2P 138 .5267 Cegle 7.9543% NIJLAND Al S5
201R9.4G10 0010 0.9544 MIJLAND LAM 53
29169 .4070C G.087 ®.9604 POHL IBVS #443
2723%.5760 2.008% 2.9576 JIJLAND DAl 53
20242.377%0 D.01C £.92537 NIJLAND DAl 58
2E2589.4139 G010 1.1465 NIJLAND RAN 538
20270 .0475 D@10 @.9531 NIJLAND BAN 53
20357 .423€ 2.210 @.7261 NIJLAND Lol 53
253%5.5C000 2.010 Z.9264 NIJLAMD BAN 53
27U5H . 4350 A.010 @.9303 NIJLAND BA'l 8%
22%10.3930 Mot 10 C.6367 POHL IEVE #443
23M15.2729 D.801 7.6522 SLOYOCXOTOVA UAR.STAR 12.1(35)P32
2371'1.3240 D10 ®.6C74 POHL IBUS #443
24567.3420 2.2 1 Z.53P1 SLOVOCKOTOUA UATI.STAR 10.1(85)P32
RATHE.IEED 2.010 P.5264 POHL IBVS #4423
25364.43%0 ?.703 Z.475¢ MERGEMTALER Adhe 1, P. 36
26627 .4220 £.010 5.3675 POHL I12VS #443
27629 . 4140 2294 2.3269 POHL IBYS #443
27724.3252 B.¢71 P.2343 SLOVOCKOTOVA ARLSTAR 12.1(35)P32
32824.6510 2.201 P.9275 SLOVOCKOTOVA UARLSTAR 12, #1(35)32
233060.4277 D213 7.%265 POHL Ay 27%, P. 178
33265.27%0 2.210 2.0062 POHL (] 272, P. 178
33310.2337 D.o12 Z.9260 POHL IBUS #443
33210.2420 G110 0.7300 POHL A1l 279, P. 173
32324.2640 Pecl0 B.2177 POHL £ 272, P. 178
33436.5510 0.C10 3.9299 POHL £ 279, P.o 178
33436.5590 2.017 %Z.037% DO4KL Ay 273, Pe 17%
33509.5259 2.010 J.2253 DOMKE,PQOHL AN 231¢3), P. 114
23700.35845¢ C o0 0.0191 DOIKE,POHL,JAATT A 2831¢3), P. 114
337/45.213% TeCE 1 T.2362 DOYKE,POHL,JAHN AN 231(3>, P. ll4
33756.5330 2.01a %.0237 DOAMKE £ 2%1C3), Po 114
2375%.3460 7.013 ¢.22%% POHL IBYS #443
33798.6370 P.C01 #.07226 SLOVQCKOTOVA VARG STAR 10, #1(85)32
33%888.4572 c.021 2.0298 DOMIE,JAHAN AN 281¢3), 114
33947.2339a .10 €.%175 DO4KE A 281(3), P. 114
24273.2220 G021 #.¢277 POHL Al 282, P. 226
3413%.4610 2.0 ] G.02%2 DOHL £N 282, P. 236
34163.5330C CeBi1 @.0326 DOMKE AN 282, P. 236
34203.43%0 .10 @.0276 POHL IBVS #443
34253.3350 c.o01 G.0147 POHL AN 282, P. 236
34455.4350 2.201 2.72201 POHL ANy 232, P, 236
34542.4600 P.001 ¢.8321 DOMKE AN 282, P. 236
34876.4633 D.001 ©.2229 POHL AN 236, F. 210
35283.477@ .02 ®.2354 POHL A 285, P. 163
35373.4350 P.001 2.0304 RUDOLPH AN 285,P. 163
35951.5189 ©.210 2.2334 POHL IBYS #443

35951,5126 . G.201 @.3354 QUESTER AN 28S5,P. 163



HELIDCENTRIC

JULIAM DATE

36111.58212
36128 .33572
36355.335%
37715.22%0
27172.4370
38539.4451
38539.4451
38671.369%
3899 1.3455
39233.4527
39266.4245
398@5.3399
3296K2.5210
39979.351%
L4PPHEB.3995
hB324.6C40
AO323.6300
QOHRQ .6T720
ATHT2.382%
4@3T7T7 53920
41068.4065
/41357 .520¢
$41395.4670
41503. 4655

D020
H41764.50720
42258 .5032

C.003
D201
D701
DeQ7@
OGO
G.002
B.001
DeBAO
.01
F3.001

0-C
RESIDUAL

B.2328
P.0255
e DUAL
2.0276
Ne®219
P.2343
P.2343
2.2361
DeB286h
P.0321
0.0344
PeD239
ReP271
2.2164
C.2171
CeD237
Z.0156
B.01022
C.0278
Z.0055
DeB6D
B.0117
-1.3374
C.CEGEO0
-1.2857
-GC.0044
-0.%103

OBSERVER

FEUDQLPH
SZAFRANIEC

: BRAUNE
SZAFRANIEC
FLIN
:JOBGENS,KRAUSS
MNURNIENG
MURNBERG
KIZILIRMAK
SZAFRANIEC
HYTBSCHER, BRAUNE
SCHUBERT
SCHUBERT

POHL

GUDUR, IBANOGLU
BORTLE

EORTLE

MONSKE
POHL,MEIER
ENDRES
BATTISTINI,BONI
KLIMEK
BATTISTINILBONI
GROEGEL

GROBEL
:EEERSEBERGER

106

NEFERLEIICE

£ 235, P.
SAC 292, P.
All 286, P.
Adshie 13,1
AsA. 17, P. 61
W 29%9#4, P. 192
IBVS #443
LEVS #443

AN 289 #4, P.
A.fie 16, F,
All 292, P.
Al 292, P.
A 292, P
IBUS #456
I3VS #4556
IBVYS #7365
IBVE #7955
IBUSE #7925
IBUS #456
IBUVS 27,
IRUS #3817
IEVS #5237
IBVUS #817
IBVS #937

163
1e7
219

158
185
185
1385

#5330

IBVS
IBVS

#9337
#1053

192
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HELINCEIITRIC
JULIAT DATE

13257 . 40064
122472,2237
12686.2760

1295 4.
12229,
27024,
DOAAR .
23859,
33773,
2334142,
33330,
32332,
33211.
2all173.
3gl1el.
3877,
2H053F,
3R227.
RA2V6.
Anl2x,
37374
338220,
329773,
neansg,
42333,
43426A .
NTTRR,
4m334,

2440
36980
an7sg
2247
314t
H2A0q
S210
HRARARG)
HIZr
230
2T7AM
HE AL
TR
HA0
S50
5532
Hnl1am
327¢C
HHnse
S15@
3572
nono

i JUSN i i)

c31s
4714
3431

A1192.4511
N41421.4223
N2273 .237039
H2237,3320

CHTOMOLORY

TCHLC =

+/-

B.0E1
.71
g.201
He2@1
a3 10

o
K.

(3]

.
IRNE A
D e = )

RO TR IS IR R o
NN XD o o -

. L]
[

LOLD
. 17 1
71
02
.22l
L0271
L7201
7011
D@1
L0
« P01
L7
201
2,01
2,701
D.071
.01
S22 1
g,
D.01

RO

TAAXIIN W

[ IR ERENENAN]

nr 32

JD

n-C
NESIDUAL

D025 1
.27 1
@.z221
s A4 3
G227
« 754
2043
C.0n20
DeAR2C
T.EZ3S
Z2.2154
De135
M.232
J.0134
DB 2A
feAZ20C4
7.72C1%3
ARG NS
2112
-1
LREY
2237
-Z.07L ]
-C.0r21
2211
sADET7
«2BED
A3
7 .C2007
-2 223
~1.226%
D.CC34

v NN

o

&

b

N

[SVEN

(SN RGN BN RG]

41132.4511 + = %

QLEZTRVATIONNIS 0OF

QLSERVUED

LAZZANINO
DALANQY SXKY
DALANOWESKY
LAZZATIND
CHALANOYSKY
BALANOQWSIY
SALANOWEKY
HELL®WRICH
DOAKE
DO1XE

JAHN

JOHN, DOAKE
DOMiIE
DOMKE
DO
FITCH

DO IKE
LICHTEMANECKTER
SIUTDOLPH
PIDoLPd
FZRNANDES
POHL

SR8 DLADN

(SRR DLAREY
GUDITH
HOLTL
EALTIETINI
YILDIZ
BALTISTINI
GANEA

: IBANOGLU,ZEZNE
SUDIP

T

-

ARG ANC RO e DOTA

REFLTENC

{1

108

AN 4711

~] 51872

L] 5189

Ny a7ll

£ 4762, P. 23
~ 51872

a7 51572

N 51872

Ny 281C2Y, P
£H0] 231¢3), P,
[1:‘] 231(3)) P-
(7 23103), P
M 23103y, P
£ 242, e 236
Ny 232, P. 236
HJd 62, Pe 316
L] 282, P. 236
Nl 235, P. 163
i 236, P. 216@
Al 236, Pe 2106
£ 23%, P. 172
A1 283, TFe. 71
I2US #4556
ICVS #454

I-VS #4566

IBYS #4546

152 #7251

IEVS #5302

IBYS #9251

I129s #2321

IBYE #1053
IS5V5 #1853

114
114
114
114
114
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CHPONOLNAY OF 5 NBSCNUATIONS OF TAHE2 110

TCALC = JD 41768.4574 + E *x 2.083%10300

HELIOCEUTRIC 0-C

JULI AN DATE +/- RESIDUAL OBSERVER REFERENCE
126372 .225/2 ?.001 -2.2024 LAZZARINO AN 4711
34439 .4147 Q.201 Z.0161 JAHN Al 282, P. 235
41455,3767 2.001 .004  PREXUNMLL IBUS #937
41472.45306 e.021 C.Cc001 PEKUNLU IBYS #937

N176%.4674 2.001 D.06329 IDANOCLUY IBVE #7237
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111
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HELIOCENTRIC

JULIAN DATE

27480. 1430
27435.3373
27485.342¢
27516.53809
27724.7G30
27370 .4247
29026. 4607
29073.323%2
23273.2003G
2%9151.315@
23250.2260
29%224H.7570
33533.4230
34140.323590
37267.5249

CHPOMNOLORY O0OF

TCALC =

+/-

Q.010
P.010
Z2.210
G.015
7.910
C.C10
Ze3103
2.018
T.010
g.010
2.010
C¢.010
.19
Z.010
Z.010

JD 37267.5Z240 + L =*

0-C
RESIDUAL

C.2275
~P.2215
g.20232
-PD.0235
2.0129
h.0217
-2.0210
-0.2023
~Z.0016
-@ . 2‘11149
B.C0306
L2575
2.0233
2.2123
P.8000

NBSERVER

LAUSE
LAUSE
LAUSE
LAUSE
LAUSE
LAUSE
LAUSE
LAUSE
LAUSE
LAUSE
LAUSE
BOCHKOREVA
BOCHKOREVA
BOCHKOREVA
BOCHKXOREVA

15 DESERVATIONS 0OF ZnRI

S.22327%000

112

REFERENCE

AN
All
AN
AN
ALl
Ny
AN
AN
Al
N
Al

A,

VAR
AR
VAR

262,
264,
267,
260,
262,
262,
267,
260,
260,
260,
269,
STAR
« STAR
« STAR

P.
P.
P.
P.
P
P
P.
P.
P.

292

232
292
292
272
232
292
292
P. 232
P. 292
15#4,
15¢#4,
15#4,
1544,

272

P.437
P.437
P.437
P.437
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HELINCENTRIC

JULIAYN DATE

33524.5259
3355%.3370@
33%333.46230
n272.4060
34373.250C
38012 .6K640C
35734.5720¢
38332.545%
35333.7120
35726.%5120
360%5.527%
361024340
36128.4540
37175473 C
37544 .5¢7@
374445150
37872. 3120
379044020
37211.2879
3823%,3470
39387.4C260
HAHBT « 43ED
H4A43%.3%22
NA%77.3379%
H416A1.2729
HU2H4H5.76K2

C:imnmaLonyY OF

TCALC =

+/-

2.221
Z.210
2.010
2.201
Z.071
D.2024
Z2.0C4
B.0C1
Ve 324
G.0822
2.021

2h

JD 42645.76562 + E

0-C
NESIDUAL

B.0205
B.0159
DeA153
C.0171
DTe@165
C.0225
Z.02%3
FeC173
Z.2236
72252
2.2143
Z.0220
Z.2193
0.032302
Ce@lali
P.z2221
Z.0426
2.2347
2.2433
2.0378
-0.00%3
-Z.2%22%
-2.2023
-0« 1
PeZ231
B.0020

ND3SERVATIONS

OBSERVER

D0OMKE, POCHER
DOMKE

DO1XE

POHL

DOMKE
YTHITNEY
""HITNEY
JAAN, RUDQLPH
WHITNEY
vi{ I TNEY
RUDOLPH
LICHTENKNECKE
TUDOLPH

FLIM

KUIDICA
KUZMINEKI
POHL
XIZILIRYAK
ASL A

BECKER

: BRAUNE
IBANOGLY
IBANOGLU

ENDRES, SENGONCA

ALKAN
DOOLITTLE

OF ATFZG

1o 14A/G34CC

114

NEFERENCE

1]
Nl
AN
£il]
AN
AdJd
Ad
AT
AJ
Ad
A
Al
[N
Nefe
AcA.
feAa
AT
AN
Al]
£HN
N
| EAVAS)
IS
IBYS
IBYE

pLUE

281¢3),
231¢3),
231C(3>, P
232,
282, P
6201254).,
A2C1254).,
235, P
52C1254),
62C(1254) .,
2385, P
295, P
285, P

17,
17,
17,

238, P
238, P
28%, P
283, P
232, P

#4556
#4456
#5392
#937
T .

P

Pe
Pe.

P
P.

115
115
115
236
« 236
P.
P.
« 164
P.
P.
. 164
« 164
. 164
P. 62
62
62
. 71

. 72

. 72

« 72

. 137

373
373

373
373

OBSERYVATORY



APPENDIX 2
FORTRAN CODE LISTINGS

The Fortran codes listed in this section are stored on magnetic
tape at the UM Department of Physics and Astronomy. Also available are
detailed descriptions of the codes, which may be consulted during exe-

cution or'modification attempts.

115



116

Program FILCHG

This Fortan code determines 0-C residuals for the observed times of
minima of eclipsing binary stars, using the linear elements of eq. (1.1).
A disk file containing the information exhibited in appendix 1 is cre-
ated by the initial execution. Later executions allow for the addition
or deletion of observations and for the residuals to be recalculated

using new values of the ephemeris date and period.



OO0

10

30

40

50

A0

FILGHS . F 117
THIS PROGRAM CREATES, UPIATES, AND MOGIFTFS FGLIPSTNG 3INARY
O3ISERVATION FILFSe PRESTNT MAYIMUM NUMAFR OF FNTRIFS [S 700.
DOUBLE PRFCLSION TT,PERINND,TNEW,TCH.CK,TSAVI,PNUM,T1,TIB,FN
1, TCALGC,DFLTySAYT
DIMENSION TT(700),D035(790), SAVT(700),HNLN(797) 4NEPNCH(700)
1,00(75700),03NEW(7) 3SAYN(700) ,SAVN5(7,700),10(20),
2O0BINPT(7) 408LAST(7)
BLANK=? '
ICOUNT=0
ITAB=0
DO 10 I=1,700
TT(I)=n,
DIBS(IN=0.
SAVT(I)=0,
HOLD(I)=0.
NEPOGH(T)=0
SAVD(I)=0.
D0 10 M=1,7
03 (My I)=BLANK
SAVOB (M, I)=ALANK
D) 20 I=1,7
OBNEW (I)=8LANK
O3INPTA(TI)=8BLANK
03LAST (I) =BL ANK
TYPE 30
FORMAT (' SPECIFY FTILE NAME:’,%)
ACC:PT 40.FILE
FORMAT (A5)
TYPE S0
FORMAT(? CR-ATE NEW FILE(0)I??/,' UPNATE FILZ(1)?°/,
1¢' CHANGE LINEAP ELEMFNTS(=-1)7")
ACGEPT 6Q, ILE
FORMAT (T)
IF(ILEY230,70,230

CH+++ ++++ENTER NEW FILE +4#4+ 4+ 3 4444444404064 4 4344444074404 4444004040400 444

70
80

940

100

110

120

130

140

150

TYPE A0

FORMAT (! SPEGIFY NO. OF 03SERVATIONS’)

AGCC-_p,PT H0,IMAX

TYPE 30

FORMAT (! ENTER FPHEMERAL JDt',3)

ACC:PT 130,71

TYPE 100

FORMATI(' ENTER TIMeS OF MINIMA IN CHRONOLOGICAL ORNDER.')
TYP, 110

FORMAT ('’ OBSFERVERS NAME MAy 8¢ 15 LETTERS MAXTIMUM .,/
1" REFFRFNCE NOTF MAY BF 20 LETTERS MAXTMUM, *,/

2! <GCR> MAY BE USED WYEN INPUT IS SAME AS FQR oRECENINS ENTRY_, '}
DO 210 I=q1,IMAX

TYPE 120,1

FORMAT(/IS,' ENTER JD:?,3%)

ACCEPT 130,TT(I)

FORMAT(D)

TYPE 147

FORMAT (' ENTER ACCURACY(DAYS)I:?, %)

ACCEPT 150,DINPT

FORMAT (F)

NIBSA{TI=DTINPT

IF(DINPT.LT.0.00001)DOBS(I)=DN0BS(I-1)

TYPer 1R0



L hi FORMAT(! ENTER O3SERVER NAME.', /716X, ' <)
ACCEPT 1704,(O08INPT (M), M1, 3)
170 FORMAT {4 AS)
D) 180 M=1,3
0B (MyIDV=0BINPT (M)
IF (O3INPY (1) ,EQ,BLANK) 03 (M, T)=0B(M,I=1)
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180 CONTINUE
TYPE 1990
190 FORMAY (* ENTER REFERENGCE,',/720%,’ <)

ACCFPT 170, (0OBINPT (M) M=ty ,7)

DO 200 M=4,7

03 (M, T)=03TNPT (M)

IF (OBINPT(4) EQ.BLANK) OB(M, 1) =0P (MyT=11)

200 CONTTINUE
210 CONTINUE

TYPE 220, (TU (L) 400b6SCIV,(3B(JyI)sJ=1,7),T=1, TMAX)
220 FORMAT(//7/77700(D20.1N,F10.5942X93A5,2X,4A57))

GJ TO 540

CH+++ ++++RECALL FXISTING FILE 4+4++4 444144444444 +44 45440004344 440 4444408444
230 CALL IFILE(LLFILF)

RzZAD(14A30), IMAX,PERTON,T1,

L1(NFPOCH(T)Ys TT(I),D0BSCI) HILD(TI) 4 (0B(UyT)yJ=147) sI=1,FMAX)

CALL OFILc(1,’FILRAK")

WJRITE(L,630) ,IMAYX,PFRTION, Ti,

1 (NEPOCHIT)Y, TTL(I) 4ynORSHII) ,HILDII) (03 (JsT)sJ=1s 7)yI=1,TMAX)

END FILFE 1

TYPE 240,FILFsIMAX,T1,PFRION]

240 FORMATI(' FILE ' ,AS%,' CONTAINS’,I5,' ORSFRYVATIONS',
17" TCALC=',F12.5,"' + ¥ *1,712,9)
TYPE 25¢

2510 FORMAT (' NFW EPHEMERAL JJ)(1) OR NOT<CR>7??,73)

ACCEPT 60,NEPH
IF (NEPH.EN.0)GO TO 260
TYPE 90
AGGCrPT 130,71
260 CONTINUF
IF(ILE<EQ.«=1)G0 TN 547
CQ......DELFTE OB‘;ERVATION.I...III.<CR> TO pROCFDr_......'IDI.....l......

TYPF 2710

270 FORMAT (/' CAUTION: DELETE ONLY IN ASCENANING ORNDER!?)
TYPL 280, (I, TT(I),I=1,IMAX)

2 A0 FORMAT(//7700(I10,020.10/))

290 TYPE 30N

300 FORMATH(//* £NTLR INDZX NF LINE TO Bz DELETZNT 'y F)

ACCEPT A, ITNDEX

IF (INDEX.EQ.0)GN TOo 330
INDFX=INNDEX=-TICOQUNT
IMAX=TMAX-1

JTOoP=1IMAX

IF (INDEXS GT, IMAX)JTOP=INDZX
DY) 320 JU=INJEX,JTOP
TT(J)=TT(4+1)
NOBS({JY=DORS (J+1)

DO 310 K=1,7

310 0B (KyJ)=0B(KsJ+1)

320 CONTINUE
ICOUNT=TCOUNT+1
GO T0O 290

GeeooeassENTER NFW OBSERVATION ececeveaea<CR> TO PROCENE.cseenccncaernnnes
330 TYPE 340



3Inn

350

360

380

390
400

410

420

4 30

4 40
45y

FORMAT (' ENTER NFEW NISEVATIANS Iy AMY OPAFDR, )

TYypPy 110

MNUM=1

MNUM=MNUM+1

TYPE 120,MNJM

ACGFPT 130,TNFW
IF(TNEW,LT .1 )60 TN g3

INCLUDE FOLLOWING STATEMENT IF NEA OSSFRyYATIONS

TNEW=TN_W+378860,5-400000.0
TYPE 140

ACCEPT 150,0INPT
0D0gLST=003NF W

DOBNEW=DINPT

IF(DINPT . LT.0.00001)NOBNEA=DNRBLST
TYPE 18D

ACCEPT 170 4,(0OBINPT(M),M=1,3)
DO 360 M=1,3
O3LASTIM)=0BNEW(M)
OBNEW (M) =0BINPT (M)

IF(OBINPT (1) .EQ.BLANK)OSNEW(M)=N3LAST (M)
CONTINUE

TYPE 190

ACCEPT 170 4,(03TINPT(M) 4M=4,7)
DI 270 M=4,7
OBLAST (M) =0BNFW (M)
O3NLW (M) =03INPT (M)
IF(OBINPT{4) .EQ.BLANK)OgNEW(M)Y=2BLAST (M)
CONTINUE

D0 480 K=1,IMAX
IFC(TT(K).LT.TNEWIGO Tn ubO
MZOUNT =0

no 330 M=1,IMAX
TCHLCK=0ABS{TNEHW=TT{M))

IF (TCHECK .GT ., PERINDYGO TO 399
MC OUNT=MCOUNT+1

ID0 (MCOUNT) =M

CONTINUE

IF (MCOUNT .EN.0)GO TO 420

TYPE 3910

FORMAT(? SIMTLIAR MINIMAS )

119

GIVEN AS N.E.A.

TYPE 400, (TT(ID(M)),DNBS(TO(MI), (OR(J,IN(MI)4J=1,7),M=1,MCOUNT)

FARMAT (20(F12.5,F10,5,2Xy3A5,2X34A5/))
TYPE 410

FORMAT (' TYPE (1) TN DISREGARD NEW ENTRY,
AZCEPT A604MGO

IF(MG0,£Q,1) G0 TO 350

CONTTINUE

SAVTIK)=TNEW

SAVD(K)=NOBNEW

DO 630 M=1,7

SAVO03(M,K)=0BNEWIM)

LBEG=K+1

IMAX=IMAX+1

DO 450 L=LBEG,IMAX

SAVT(L)=TT(L-1)

SAVD(L)=D083S(L-1)

DO 440 M=1.+7

SAVOB (M, )=0B(M,L~-1)

CONTTINU:Z

Gy TO 500

<rrR> TO PROCZIDEL?,3)



60

470
s A0

499
500

510
520

530

540
550

560

SAVI(KY=TT ()
SAVD(K)=DOAS (K) 120
N2 470 M=1,7
SAVOO3(MyK)=DB(M,K)
CONTINUF

IMAX=TMAX+1
SAVT(IMAX)=TNFW
SAVO(IMAX)=)0OBNEW

DO 490 M=1,7

SAVOB (M, TMAX )=0BNEW(M)
D0 520 I=1,IMAX
TF(I)Y=SAVYT (I)
0I28S(I)=SAVNI(I)

D0 510 M=1,7 -

03 (M, I)=gAVOg(M, I)
CONTINUF

GO TO 350

TYPE 220, (7T (I),00B8S(I),(08(J,1),0=1,7),1=1,IMaX)
TYpt: 550

FORMAT (' ENTER PERIOD."')
ACCEPT 130,PDUM
IF(PODUM,EQ.0,0)GO TO 567
PERIOD=PNUM

CONTINUYE

Cee+ 444+ L INEAR DETERMINATION NF O~C 4444+ 444+ 44484444+ H+4 44404405+ 4400440

570

SJM=1n,

TEST=PERIOD/ 2.

DY 600 I=1,IMAX

TI8=7TT(I)

NBEG=DALS(TND3-T1) /PFRINDN-2,

DH+H+4+ 4+ +3CALCULATE TIME OF MINIMA# S 44+ 4444414413444 400444400000 84044044 "

581
599

500

00 5R80 N=NBFG,1000000
FN=N

IF(TO3.LT, T1)FN==-FN
NEPOCH(T) =FN
TCALC=T1+FN*PLRION
NELT=DARS(TOB-TCALCD)
IFI(DELT.GT.TESTYGO TN S30
OMINC=TO6~-TCALC

GJd) TO 6597

CONTINUE

CIONTTINUE
AOLNDITY=0MINGC
SUM=SUM+0OMING*OMINC
SCONTINUF

FMAX=IMAX=1
DIV=SQART(SUM/FMAX)

CHee++444+0UTPUT STAGE ++4+ 4+ 4+ 131 EE 4144430300134 4034430440404 40440

610
620

630
540

TYPE 620,,PERIOD,NIV

FORMAT (4X, ! PERIOD=?,1P015.3,' GIVFS MINIMUM RMS
1DEVIATTON="' ,1PE12.6)

CALL OFILF(1,FILE)

PRINT 24O,FILE,sIMAX,T1,2ERIIN

PRLINT 30,IMAX, PEFRICD, T1,

1 UNEPOCH(I)y TT(I) 4DOBS(I),HILD(T) , (03 (J,I),J=147) 41I=1,T44X)
WRITE(1,630) ,IMAX,PERIOND, T1,
l(N&POCH(II,TT(I),DOBS(I)OHDLUII)Q(OB(J91)9J=197|yI=1'IHAX|
FORMAT(IiOg?UZU.iB/o700([7.917.109F8.5,F9-5,2x’3A592X,kﬂ5/,)
END FILE 1

ENDO
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Program AVEPER

This code employs a method of iteration to find a value of the
eclipse period for which the sum of all positive and negative 0-C re-
siduals considered approaches zero. The average period thus obtained
is determined to nime decimal places and can be used to modify the

original data file through the execution of PERCHG.



AVEPER F
COMPUTES ECLIPSF PERIND 4ISH GIVFS AVERAGE 0OF ALL
0-C VALUES NEARLY FQuaL 19 7€°q.
IMPLICIT DOUYBLE PPECISINY (A=-H,P=7)
DIMENSION TT(800),0R8(7)
IZ0UNT=g
ITAR=Q
TYPF 10
10 FORMAT (* SPECIFY FILE NAME:’,3)
ACCEPT 20,FILE
20 FORMAT (A5)
CALL IFILE(1,FILE)
READ(1,140), IMAX,PERTIND,T1,
L(OUMy TTC(T)y DUMsDUM, (OB (J) 4 J=147),I=1,TMAY)
TYPE 30,FILE,PERION, INAX
30 FORMAT (' INPUT FILE *,AS,’ ARITTEN WITH PFRIOD=',1pN15.9,/
1’ AND CONTAINS *,I3,’ TIMF3 OF MINIMA.') ’
PERIOD=PFRION*1.0N04
IPER=PERPIOD
PERIOD=IPER
PERIOD=PERION*1,00-04
LINEAR DETFRMINATION OF D=0 #+4+ 4+ 14433440t H 4044442044044 20 44444
ISTNP=0
PERSTP=1,0E-04
40 SJIM=0,
TEST=PERION/ 2,
DO 70 I=1,1IMAX
TOB=TT(T)
NBEG=DABS(T03-T1)/PERION-2,
CALCULATE TIME OF MINIMA
D) sp N=NBEG,100000
FN=N
IF(TOB,LT T1)FN==FN
TCALG=T1+FN*PERION
DZLV=0A3S(FNB-TCALG)
IF(DeLT GT _ TESTIGO TO 5N
DIF=TpR-TCALC

122

OO0

G0 12 60

50 CONTINUF

h0 CONTFINUF
SUM=SUM+pDIF

70 CONTINIU.
ISFENSF=1

IF(ISTOP.EN.OILSENSE=ISFNSE
ISTOP=ISTOP+1
IF(ISTOP.LT,.100)G0 TO 9n
TYPFE 80
A0 FORMAT (' STIPPED AT 100 TRIALS')
STOP
20 CoNTINyUF
Po=P0
PO=PFRIOD
Sg=S1
S0-=sUM
TYPE 100.ISENSE,LSENSE,PEQIJD,SUH
1090 FORMAT (215,22 (1PD20.12))
IF(ISFNSE.EQ.,LSFNSEXGO TO 110
P:RIND=PERION=1.1*PZRSTP
PERSTP=PERSTP/10,



110

=)
NN
=]

PNFW=PERIOU+PFRSTP

SLNN=PLRSTP 123
IF(SEND.LT.1,E-10)60 TO |29

PERIOD=PNFHW
G TO un

OUTPUT STAGE #4444+ 0484150444644+ 4004 8404844444044 FEALEEY
TYPEF 130,PQ,S9,ISTOP

FORMAT(//' PERIOD=',1PD15.9/,¢ ABSOLUTE DFVIATION=’,
11PD15,6/,15,' TRIALS. ')

FORMAT(I10+2020410/4800(17,317.10,FB8.54F9.5+12X,3A45,2X,%A5/7))
stop

END
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Program DETECT

This Fortran code is used to determine the detectability of a low
luminosity companion which is in the proximity of a brighter star or
close binary. The input parameters which must be specified by the user
are the distance in parsecs from the earth to the stellar system and
the apparent visual magnitude of the visible central star(s). The out-
put is given in a data file which may easily be plotted on the Calcomp

plotter as shown in figure 3.
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PROGRAM TC DETERPMINFE VISUAL NETFCTAFTILITY nfF CnMp ANTNONS,
STEPS THROyYS F MASSES FROQO 0.01 TY 1.50 (M/MSUN) AND
Sﬁﬁ?ﬁqigﬁAzgli?"s (Ay) A1 WAICH DETECTARILITY INDcX G=1.0.
N : ; ‘
1,FLM(3ni.ALPHt:g:'BOLC(KJ"F"ASS‘lsn"SFPAU‘lgﬂ’
DATA BOLM/2200913-1112.0011.5911-0’10-5-9.718.?v3-7'3-517-99705

137025608,60616:3,6.14640450835.545.1,4,9,606,%0%13:513434340
242.492.2+241/ ! 12 ’ 14,9, 4ehy el 33.59343,

DAIA UOLC/-g 08’-Soal-l‘.6’-“n09-3.u'-209’-2.6’—?.3,-Z.U'_i.Tt
1!'1.@5"1.179’0-89!'0.62,‘].50,-U.qg’-0.30’_0.?“'_0.13’_0.13
2"0.09“'0.07’-0. 06”0.05;‘0.0{.,‘0.03,"‘1. 01’0.01'-0.0?_, —0."3/

i1

20

30

40
5N
G

60

70

DQTA FLM/-3.0’-1.0’-0.R’-U‘b’-o'u,-n.z'-n.o'23*0.0,

DATA ALPH,209’209i3013'3.33’ 3.75,1"-0"0. 0’23"‘(§.ﬂ/
TYPF 10

FORMAT (' ENTFER DISTANCE(PC): '3)
ACCEPT 20,NIST
FORMAT { )
TYPE 30
FORMAT (' ENTER APPARFNT VISUAL MAGNITUDE AT
1 MIN=-POINT OF PRIMARY ECLIPSF:*)
ACCEPT 20,APTMAG
D) 40 I=1,150
FI=T
FMASS(I)=FI*nNn,01
FLOGM=ALO0OG10 (FMASS(I))
DETERMINE DIFFERZINC: IN MAGNITUD:Z
J=7
CALL INTRP(FLM,ALPH,FLOGM,ALPHA,J)}
XLUMI=FMASS(TI)**ALPHA
BOLMAG=4,77=2.,5%¥AL0G10 (X _ UMI)
J=30
CALL INTRP({BOLM,BOLC yBOLMAG,BC,J)
AEMAGI=ROLMAG+BC
APMAGI=ABMAGI+S.,*ALOGLO(NIST/10,)
NZLMAG=ABS (APMAGI-APTMAG)
SEPLOG=N, 22¥DELMAG=-1 .0
SLPSEZC=10.**SZPLOG
SEPAY(I)=SEPSEC*DIST
CONTIMUF
FORMAT(15N(2F10.27))
WAITE FILE FOR CALCNM® OLNTTEReeesos-
CALL OFILF (14'GRAPH?")
WRAITZ (1,60)
FORMAT {*GRAPHOL’,/
L' TITLEI3DETECTABILITY ",/
2t XAXIS15SFPARATION (AU) ',/
34 yAx IS23COMPANTINN MASS (M/ASUN)*,/
4?SP=CS0.0 150.0 0.0 1.50 1 1 15 15 .02 3 3',/
5'DATA 150°7)
WAITF (1+50) 9 (FMASS(I),SEPAULI),,I=1,150)
WJITE(1,70)
FORMAT ('PLOT 020107°,/
1'STOP ')
END FILE 1
STOP
END

SUBROUTINE INTRP(X,Y,X1,F1,J)
LIMFAR INTEPOLATION SUBROUTINE.
J=NUMBER OF ENTRIES IN ARRAY.
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20
30

W0

SIVON AFRAYS X(IN) AND Y1), SURRINUTINF
FOR FACH VALUE OF X1 TH! COIIRFSPONDING

THAT F1=Y(X1).
NIMUNSION X(30),Y{(30)
TORNDER=N

IF iy (1) .GT X (JIVINRNFR=1
I=1

IF(TJORDFER.GT OGO Tn 20
TF(X(I+41=-X1)130,40,40
IF(X{T+#1)-X1)40+404+30
I=1+1

IF(T+1-J010s 40,40
FL=(XIT+)=XDI*Y(D)+(X1=-X(D)2*¥Y(I+1)
FL=FL/7(X(I1+L)=X(1))

Re TURN

END

WILL FINOD
VALYF NF Y SUCH

126
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Program NTERAC

This code makes the dynamical calculations of the three-body mutual
interaction model and displays the resulting light travel-time effect on
a plot of the 0-C residuals observed for an eclipsing binary star. As
shown in figure 15, the main routine CONTRL directs the logical flow of
information through several subroutines.

The initial position, velocity, and mass must be known for each
body before the dynamical calculations begin. This may be accomplished
through either subroutines PARAMor RECTIN. Subroutine PARAM accepts the
elements which describe the orbit of a binary about the two-body center-
of-mass due to a companion, since these may be inferred from the observed
0-C residual curve's cyclic pattern. The companion mass and orbital
semi-major axis are found by subroutine MASS where the solution of the
quartic equation (eq. 2.16) is found by the subroutine ZEROS, which is
provided through the courtesy of its author, R. J. Hayden. Subroutine
PARAM then proceeds to calculate the companion's initial position
through a converging iteration of Kepler's Equation as described pre-
viously (egs. 2.6, 2.11). The rectangular components of the position
are found in the usual manner. The expressions which yield the velocity
components are obtained by differentiating the position equations as
outlined in a NASA Technical Note (Strack, 1963). The analysis is re-
peated to account for the other companion. Finally the fractional
masses are determined for each companion and are used to determine the
initial rectangular position coordinates of the binary based on the

three-body center-of-mass (egq. 2.27). Since the dynamical motion of the
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Q;x NTERAC. T4, 40104, PICD

RECTIN PARAM MASS ZEROS
-
= L ]
GO
—
DETECT INTRP
4 CALCOMP
g [ PLOT
O UNIT 1
- DYNAMC
TYPE
R
NIT 8 FUNCTIONS HISTRY
DISK
PRINT | FILE NTRP
WIT 3 WINIT 1

Fig. 15. Interaction model flow chart
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three-body system follows open paths rather than the constraint of
orbits, the superpositioning of simultaneous two-body systems is used in
subroutine PARAM only to define the initial configuration.

A more direct way of defining the initial conditions of the system
is to simply enter the position, velocity, and mass of each body through
subroutine RECTIN. In practice, it is difficult to choose a set of
rectangular input parameters at random which will describe the initial
conditions of a system which will remain stable. The subroutine RECTIN
is, however, quite useful for continuing the dynamical calculations of
systems whose masses, positions, and velocities are known.

The subroutine DETECT determines detectability thresholds which are
the maximum separations between each companion and the binary, as mea-
sured perpendicular to the line of sight, at which the companions could
be located without being detected visually. During the dynamical cal-
culations the separation of each companion from the central binary pair
is repeatedly checked against its particular threshold so that detect-
able cases may be recognized.

The dynamical calculations are made by subroutine DYNAMC which
employs a fourth-order Runga-Kutta integration scheme. The eight func-
tions which are called are the equations of motion (eqs. 2.24, 2.25).

A plot of the motion in time of all of the bodies is made on a graphical
CRT display. The displacement as a function of time of the eclipsing
binary pair along the line of sight is used to generate 1ight travel-
time residual data. This is plotted on a CRT display along with the
observationally-derived 0-C residual file which is recalled from the

disk by subroutine HISTRY. An rms deviation is calculated in order to
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determine the accuracy of the fit by numerically comparing the model
residual curve with the observations through the linear interpolation
subroutine NTRP. An evaluation of how closely a simulated curve fits
the system's past behavior guides in the selection of the input param-
eters for the next trial so as to achieve a better fit. The parameters
which give a best fit are then considered to describe, based on the
initial assumptions, a possible multiple-body system which is capable of
satisfying the existing eclipsing binary star residual observations.

The code creates a permanent record of the input data for each
trial as is shown in table 6. Also listed in this log are the final
rectangular parameters, which are useful if further calculations are to
be made. The comments are a subjective appraisal of the model.

To run the code, the source program NTERAC.F4 must be accompanied

in execution by the graphica] display subroutine package P40104.REL.
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TABLE 6

TYPICAL !MODEL LOG

TRIAL NO, 127

RIMNARY waS%z  2.6336° o
DISTANGE (PRY= 15,30

APPLRINT wEGUTTUNES 7.98

THCLTIHATICHINIG)Y = Pz 14

BINARY 0OR2TT:r |
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OREITAL PE=INN= 17.9r00
SEMI-HAaJ02 &VIS(AN) = 1.100.0
ECCENTRICTITY= 8.090y0
PERIAPGE PASSAGT (YR)= Ttengaen
LONGITUCE CF OS2I APSE{QNEG) = 125.C0GuD
COMPANTON ORIOITt 1 -

coreanTgy vAaSs= N.2R8721
CREITAL PZ2I0(YRy= __17.200¢0
SEMI-4AJOR AXIS(AN = T g.10179
ECCENTRINITY= c.oauun
PERIADSE 2ASSARI (YR )=  C.fn2
LONGITURS nF ®T2TAPSE {0%G) = 3"5.u0rhﬂ
BINARY ORIITY 2 ) _

OREITAL P2zZ3Ine= 88.09009
SEMI =48JC2 AXISTAUY = 3,8000G0
ECCEMTRICITY= L 670000
PEPIAPSE PASSAGT (YRP) = 1.670060
LONGITUDE OF PEITAPSE(NTG) = 23R,03000
COMPAYITON ©201TY 2 -

COFPANION MASS= 1,32943
OREITAL PICIDN(YP)= 82,01GC"
SEFI=9a7J09 avYIS (A ()= 27.6503¢4
ECCENTRICITY= c.09000
PEFIADSE OASSAGI (YQ)= C.0%0C0
LONGITUCE OF 0i>TARCE(BTG) = SEL G030

NO. OF YCAPS= 3245¢C
STEP ST7Z(Y>)= , 135"

HTH POIHT cLATTEN= 20

STARTING RECTANSULAR FASAMETERS!

1 GAMA= C.119€67

= 5.27219

vxs= 2.783°75
vY: 1-9‘6_8_7_1

2 GAMA= 2.13743
¥=  14.65245

= 23.44882
VX «1.,67474
VY= 1.0462b

BIKARY TC COMPANICN A MaxIMUM STFERATICHMIAUY=

BINARY TO FA4PAYNTNAN 3 MAXTMUM S2PCRATICACAU) =

XTRANS (LUYT =2,6LLET
YTRANS tanyy=  -2,321°%2

HAXT MDY RANTAL VFLOCITY (KK/SECY= 4,776

17.124
L3.30u1

FINAL RECTAMGHLAR PARAMITERSH

1 y= <3.33828
Y= 11.7771"1
VX =1,336LL -
Vyz <~1,87506
2 X= =34,7227Y

Y= 9.5°9A3
vx: -:\.7‘56”1
VY= «1.34830

———— e,

COMMENTSH

mFRO-ﬁ'—‘)fTO"J:SJﬁ VR-.T-....PLOT CN Ca | FOCOIOIOQ.CUI
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EASTrR CONTROL FOR N=30N¢ PIOBLFM SURPNAUYTINFS,
OMMONZCONTRL/ZITRIAL G 4P, X
BRGNS 2P Ty XI3),Y(3),vX(3) VY (3),FMASS(3)
COMMON/STAR/DISTZAPTMAG,FINS
DIMENSION WORD(3%)
PI=3.141592665

G=6.6732E-0R*3.1553E07%3,.1559FN7/1.49597893E13/

11 ,49597893F13%1.989E33/1.49597833F13

ISTRT=(

WRITE(S5,10)

FORMAT (' INPUT?: QRQITAL ELEMENTS(0)? OR RECTANSULAR COJRODINATE
1s(1)?2*',%)

REFAD(S 4,20 )y [SHTCH

FORMAY(I)

WRAITE(5,430)

FORMAT (' ENTFER BINAPY MASS:’3)

RzAD(5,40 ), FMASS (1)

FAYRMAT(F)

WRITE(5,50)

FORMAT (' ENTER DISTANCE(PC)IT'H)

READ(S5,40),,yDTIST

ARITE (5,460}

FORMAT (' FNTFR APPARFNT VISUAL MAGNTITUNRF AT

1 MTD=-PNINT OF PRIMARY FCLIPSEt?)
RZAN(S,40),APTMAG

WRITE(S,70)

FORMAT(? ENTFR INCLINATION 27F 3INARY ORS3IT(DEG) ', %)
RZAD(S,140),F INC

WRITE(S,80)

FOPMAT (!’ LAST TRIAL NO=',3)

R-AN(S5,20),I TRIAL

PAUSFE

ITRIAL=TTRIAL+1

ARITF(R,100) ,ITRTAL,FMASS(1) ,NIST,APTMAG,F TN
WRITE(I9,100) yITRIAL,FMASSI(1) DIST,APTMAG,FINC
FORMATI(/1TRIAL NO.’,Ilt4,/"' BINARY MASS=',F10,.5/,

1* DISTANCE=(PC)=',F8,.,2/,"' APPARENT MAGNITUDE=',FR.2/,
2t INCLTNATION(NEG)=",Fr.2)

IF(ISWTICH.EN.0)GO TO 111

CALL RECTIN

G) TO 120

CALL PARAM

CALL DFTECT(FMASSI(2),VISl)

CALL DETECT(FMASSI3),VIS?2)

CALL DYNAMC{VIS1,VIS2 ,ISTRT, TIME)

ARTITZ (9,140) yXTRANS, YT RANS

FORMAT(' XTRANS(AU)=’,F10.5,/7"' YTRANS(AY)I=',F1N,5)
WRITF (9,150),TIME

FORMAT(/* FINAL RECTANGULAR PARAMZTZIRS? Y_AR=¢,F9,2)
J2=1

J3=2

WRITE(D,160) 4 (J24X(2) Y (2) VX (2),VY(2),
1J3,X03),Y{3),VXI3),VY(2))

FORMAT(2(/I2 46Xs ! X='3FL0.5,/77Xy ' Y=7,F10.5,

1/76Xys " VUX='yF10.5,/6Xs* VY=',F10.5/))
WJAITE(5,170)

WRITE(B8,170)

WJITF(9,170)

FORMAT (/' COMMENTSt’)



1431

130

FORMAT(3hA4)
NQITE(B,iQﬂl,(NODD(J),J=I,36)
HRITE(9,1490) ,(WORN(J) yJd=1,39)
FORMAT(2(1X, 18A4) /)

ISTRT=1

Gl 10 90

END
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SUTPOUTINE PAAN 134
ACCFPTS INITIAL OSCULATIIG JRAITAL PARAMETERS ANN
CINVERTS THEM TO RECTANG'ILAR CNORDIMATE PAOAMETERS.
COMMON/CONTRLU/ITRTIALyGoPT 4 X{3)aY(3),VX(2) s VY (3} ,F MASS(3)
1, XTRANS,Y TR ANS
COMMON/STAR/DISY, APTMAG,FIN3
DIMENSION PERIONUZ2),A02)435C3(2),TIU2) ,W(2),FN(2)+GAMA(2)
N=3
N=N=-1.
FM12=FMASS (1)
N0 80 J=1,N .
INPUT PARAMETERS ARE OF BINARY BARYCFNTER NR3IT.
WARITE(5410)
FORMAT (/7' PERION{YRI? SEMI-MAJOR AXIS(AU)? ECRENTRPICITY?"’,
17*' PERIAPSE PASSAGE(YR)? LONGITUNF OF PERIAPSE (DFG)7?')
QEAD(S;ZD),TFMPl,TEMPZ,TEMPK,TEM9M,TEHPG
FORMAT (5F)
WRITE(B8430), TEMPL,TEMP2,TEM>3,TEMPU4 TEMPS
FORMAT (5F83,2)
<CR> IF INPUT DATA IS THE SAME AS LAST TRIAL cevsveses
IF(TEMP1.LT.0.01) GO TOQ AN
P-RIODD(II=T-MP1
ECCUUI=SART (1 .~-{1,-TEMPI3*TFMP3II*SINO(FINCI*SIND(F INC))
T0(J)=TEMPL
W{(J)=TEMPHB+1R(],
IF(W(J) GT o360 WJ)=WJ)=-350,
WRITE(9,40) ,Jy TEMPL,TENMP2,TEMP3,TEMPYL,TEMPS
FORMAT (/' BINARY ORBIT!',I2,/' OR3TITAL PZRION=?,15X,F13.5,
17" SEMI-MAJNR AXIStAU)=',10%X,F10.5,
27 ' EGCCENTRICITY=?!,17X,F10.5,
37" PERIAPSE PASSAGE(YR)=',3X,F10.5,
4/ ' LONGITUDF OF PERTAPSE(DZIG)I=",3X,F10.5)
T-MPZ2=TFMP2/SINND(FINC)
CALL MASS(FM12y TEMP2,,PERTOD(JY,FMI,a(J))
FMASS (J+1)=FM3
wR[Tg(g,so),J,FMASS(J+1).DtQIOn(J),MJ) Ww2CC I, TO L) WD)

FORMATA(/*' COMPANION ORBIT: ', 12,7 ' CHMPANION MASS=',15x,F10,5,

1/7* ORRTITAL PERIOD(YRI=',11X,F10.5,

2/°' SEMI-MAJOR AXIS(AU)=',10XsF10.5,

37! ECCENTRICITY=?,17X4F10.5,

47" PERTAPSE PASSAGF(YR)='"49%X,F10.5,

5/¢' LONGITUUF OF PERIAPSE(DIG)I=,3X,F10.5)

WJ)=W()*PI/s180.
ELTIPTICAL ORBITAL ELEMENTS ARE NONVERTED TO RECTANGULAR

COORNINATES oF POSITION AND VELNCITY,
FN(J)=2.*PL/PcRIOCD(JI}

Q==-T0 (J)

ANMEAN=FN(J) *0

E1=ANMEAN+ECC(J)*SIN(ANHEAN)*0oG‘;CC(J)‘ECC(J"SIN(Z.’ANH:ANI

EOLD=0.

p0 A0 L=1,1000
DE=(ANMEAN-(E1-ECC(J)*SIN(EI)))/Il.—FCC(J)*COS(EL))
El=c14+0c

DELT=ABS(EOLD-£1)

EOLN=E1

CONTINVUE

CONTINUE

R=A(JI*({1.~-ECC(J)*CNS(EL))

SJB=C0SfE1/2.)



8n

ASUB=ABS(3U3)

IF (ASUB LT 1 ¢O0E-30VASUR=1,05=3D

IF(SUB,LT, 0,)SUR==ASUB

IF(SYB«GFa0.)SUR=ASUR

TEST=SQRT UL H+ECCIIN I/ (1. -ECTIIV)I*SIN(FL/2,)/SU3
F=ATAN(TEST)

F=2.*F

WE=F+W ()

THE FOLLOWING DETERMINES X,Y,VX,VY,
X({J+1)=R*¥COS (WF)

Y(J+1)=R*SINI(WF)
FMU=G*{FMASS (1) +FMASS(J4+1))
P=R*(1.+ECC(J)*COS(F))
AN=ECC(J)I*COSIHII) ) +COSIWF)
QI=ECC(JI*SINIY (JI)+SINIAF)

VX (J+1)==SORT{FMU/P) *¥NQ

VY (J+ 1) =SART (FM1p/7P)*NN

CONTINUE

GAMA(1)=FMASS(2)/FMASS (1)
GAMA(2)=FMASS(3)/FMASS(1)
DETERMINE COOROTNATE TRANSFORMATIONS?: ORIGIN AT INITIAL
X{1)==GAMA (L) *X(2)-GAMAL(2)*X(3)
Y{1)==GAMA(L)*Y(2)=-GAMA(2) *Y (3)
XTRANS=X (1)

YTRANS=Y (1)

RZTURN

END

135
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SUBROUTINF MASSIL ITMASS, Dy
=

SUBROUTTNE TO DETERMINE ‘LANET ﬁﬁ%
DIMENSION XFM3(10n)
COMMON/ZERO/ XFM3,4 JMAX, LM1X,4,380T, TOP
COMMON/G/ZFML2,P,A12

JMAX=100

LMAX=6

BOT=0.0N01

TOP=10.0

FINC=90.

P=PINPUT

FM12=B1MASS

FORMAT (F)

A12=AINPUT/SIND(FINC)

CALL ZEROS

IF(M.EN.0)GD TO 30
IF(MueGT.1IWRITE(5,20),M

FORMAT(* MULTIPLE SOLUT[ONS Tp MASS.
FM3=XFM3(1)

A3=A12*FM12/FM3

RETURN

ARITE(9,40)

WRITE(S,40)

FORMAT (' NO MASS FOQUNN?)

STOP

END

D
S

P s A
NO SEMI-MAUNR

ITNPUT,FM3, A3

M=*.T4)

)
AXIs,

136
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SUBROUTINE 7Fe0"”
SUBRNUTINE 7ZEROS 137
G(X)=FUNCTION WHOSE ZFROS A3f" DESIRFD. MUST SE WRITTEN IN
FUNCTION SU3BPRO.,

BOT=LOWER LIMIT OF X INVESTIGATION RANGE
TOPzUPPER LIMIT OF ¥ INVISTIGATTON RANG:
JMAX=NUMBER OF INVESTIGATION INTEQVALS
LMAX=NUMBER OF SQUFEZFS B8Y ©ACTOR NF 10

M Is THE NUMBER OF ROOTS LOCATED IN THc INTERyaL.
RT (1) ,RT(2),-==RT (M)} ARF THE RONTS FOUND,
DUMENSION RY (100)
COMMON/7ERO/ RT 3 JMAX, LMAX,M,30T, TOP

A=BOT

8=T0P

FoMAX=JMAX

M= 0

n> 150 J=1,JMAX

Fd=J

X=A¢e(FJ-1,)*(B=-4) /FJIJMAX

Y=A+FJ*(B=-A) /FJMAX

IF (G(X)) 1n,120,10

IF (GUX)*G(Y)) 20,150,150

72 A0 L=1,LMAX

07 40 K=1,19

FK=K

UsX+{FK=1,)* (Y=X)/10,

V=X+FK*¥(Y=X} /10

IF (G(y)) 30,130,30

IF (GLUI*G(V)) S50,40,40

CONTINUF

X=U

Y=V

CONTINU-

S=(X+Y)/2.

TEST TO THROW OUT INFINITTES

IF (G(sS)Y*G{(X)) 70,100,810

I (G(S)*G(Y)) 150,110,90

IF ((G(S)=-G(X))/G(X)) 100,100,150

IF ((GIY)=G(S)I/GIY)) 150,100,100

R=S

52 TN 140

R=zY

G2 1N 140

Q=X

GO 1N 140

R=U

GO TO 140

M=M+1

RT (M) =R

CONTINUE

IF (G(B)) 170,160,170

M=M+1

RT (M) =8B

RETURN

FND

FUNCTION G(X) ‘s
/C/FML2,P, Al

gST:gzlgnifFM;Z;X¥x*X)*P*P-((FH12+X)‘A12)*‘3

RE TURN

END
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SUURNUTINE RELT T

UNITS!? 138
G TU**3/YR** 2/ M4SN
X &Y AU
VX & VY AUZYR
FMASS SNOLAR MASSES

COMMON/CONTRL/ZITRIAL GG 4P, X(3)4Y U343 VX (3)4VY(3) FMASS(3)
14 XTRANS, YTRANS
DIMENSION GaMA(2)

Cet ++++INPUT MASSLS K POSITIONS 446 +4 4444440044450 0004034484040 4 448404

in

20
30

N=3

Do 30 I=2,N

IC=T-1

WRRITE(5,10), IC

FORMAT (T2, ENTER GaMa, X,
REAN(5420) sGAMA(I=1) 4 X(T),Y(TI)
FORMAT (3E)

CONTINUF

Yti,1)

CHe+ ++++DETERMINE CRITIGCAL VELOCITIZS. 444t 4+ 4444444448140 441 4444440400444

40

50

AN

70

D3 K0 I=2,N
IC=T1-1

FMASS(I)=GAMA(T -1) *FMASS(1}
TOTMAS=FMASS (1) +FMA3S(I)

X(1)==GAMA (T =-1)*X(T)

Y(1)==-GAMA(I=-1)*Y (1)
R=SARTAUXALD) =X (I I** 24 (Y (I)~Y (1)) **2)

VS IP=SQRT{G*TOTMAS/R)

VCIRX==VCTR*(Y(T)=Y(1))/?2

VCIRY= VCIR¥* (X(I)=X(1))/R

VESCX=1.4142*%yCIRYX

VESCY=1.4142%*VCIRY

WRITF (5440024 IC,VCIRX4WCIRYyVFSCX4VFSY
FORMAT(IZ2,' 3 CIRCULAR VELOGCITY:? VX='3F10.595X,y* VY=',F10.5,
17 ESCAPE VFLOCITY 3 UX=?,F10.5,5%X," VY=',F10.5)
WAITE(5,50)

FORMAT (' ENTER VELOCITY NOMPANFNTS VX AND VY, %)
READI(5,20),VX(T),VY(I)

CONTINUE

X(1)==-GAMA (1 )*X(2)-GAMA(2) =X (3)
Y(1)==GAMA(1)*Y(2)~GAMA(2)*Y (3)

WITTF(5,71)

FORMAT (' ENTER XTRANS,YTRANS?! ! ,3)
READ(5920) « XTRANS» YTRANS

RE TURN

END
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| SUBROUTINE DETECT (F44SS,SZPAU) 139
PROGRAM TO DETERMINF VISUAL NDETFCTASILITY OF SOMPANLONS.
FINDS SFPARATIONS (AU) AT W4HICH DETECTASILITY INDEX ©$=1.0.
COMMON/STAR/DIST,APTMAG,  INS -
DIMcNSION BOLMI30),30LEG(30),FLM(30),ALPH(3N)

DATA B0LM/22.0413¢1412.0911.5,11.0,10.5,3.7,83,7,8,7,8,
1,7-2’6-806'69603v6.1v6-0'5.395o5,9o11Qoqghoﬁ.quQS.sv
2yl 42e29241/

DATA BOLC/-5.8,-5.8,-%-6,-h.0,-3.%,'2.9,—2.6'-2.3,-2.09'1.71
11'10“50'1017v'ﬂo89"ﬂo621'0.gﬂv‘ﬂnﬁﬂo‘n.30,'0.2Q'-0.1?9-U.13
29-0009"0.07!‘00061-Don5"000u’-0.03’-n.01’00011‘0002"0o03/
DATA FILM/=340:=1.04=0.8,=-0.5y=0.b,y=0.24-0.0,23=0_0/

DATA ALPH/2¢942¢993¢13+43.33,3.75,4.0,4.0,23%4,0/

FLOGM=ALOG1( (FMASS)

DEZTERMINE pIFFLRENC:E TN MAGNTITUNE

J=7

CALL INTRP(FLM,ALPH,FLNGM yA_PHA, J)

XLUMI=FMAGS**ALPHA

BOLMAG=4,77=-2.5*AL0G10 {xLyMI)

J=30

caLL INTRP(BOLMvBOLCqBOLMAGvGC!J’

ABMAGI=B0LMAG+BC

APMAGI=A0MAGI+5 ,*ALNGLONIST/10.)

DELMAG=ABS{APMAGI-APTMAG)

S_PLOG=0.22¥NcLMAG=-1.0

SEPSFC=10.**SEPLOG

SEPAU=SEPSEC*DIST

RETURN

END

-
-

17 e9497.5
03’300

w

SUBROUTINE INTRP(X,.Y,X14515J)
LINFAR INTERPOLATION SUBROUTINE.
J=NUMBLP OF NTRIZS IN ARPAY,
GIVEN ARRAYS X(N) AND Y(N), SUBROUTINF WTLL FINN
FOR EACH VALUF OF Xt THF CORRESPONDING VALUF OF Y SuUcH
THAT FL=Y(X1l}.
DIMFNSINN X(30),Y(33)
IORDFER=D
IF(X(1).GTX(J))IORNER=1
I=1
IF(INRDER,GT ,00GO TN 2
IF(X(I+1)-%X1)30,40,40
IF(x(I+1)=-Xx1)4%0,404+30
I=1T4+1
IF(I+1-0)10, 40,4 4N
F1=(X(I+1!‘XII*Y(I)+(X1-X(ID)‘Y(I+ll
FL=F1/7(X(I+1)=-X(I)
RE TURN
END



SUBROUTINF JYNAL

TUVISL.VIS?,ISTRPT, TIMF) 140

S PROGRAM TO SOLV: 3-300Y "P03LEM USING RUNGF-KUTTA INTGJATION.
i UNITS?
s T YR
E C Ai/NAY
o G At)** 3 /YR*¥2/MSUN
G X# & Y¢# A1)
i~ VX# K VY# AUZYR
G FMAS S# SOLAR MASSFS
G H YR
S FL - Fu4 AU/ZYR**2
G F5 - FA AYyszyR
G GC#l « C#y AJ/YR
c C#s - C#8 AU
DIMENSTON XSAVE(3,301),YSAVE (3,301),VSAVF(301), TSAVF (3N1)
COMMON/HIST/T(2,301) ,OMINC(2,301),00BS (1501, I3AR, TMAX,ISTART
1, 0DIF(3n1)
COMMON/FUNGT /FAGCTOR,GAMA(2)
COMMON/CONTRL/ZITRIAL 4G4PIZXI{3),Y(3),VX(3),VY(3),FMASSI(3)
1, XTRANS,YTRANS
COMMON/STAR/DIST, APTMAG,F IN2
ISTART=T1STRT
[TRIP=0
NyYR=0
ISEF1=0
ISEfF2=0
C=2.9979E08* 8.6400€04/1,479598F11
10 CONTINUE
20 FACTOR=FMASS (1) *G

GAMA{L)=FMASS(2)/FMASS (1)
GAMA(2) =FMASS(3)}/FMASSI1)
CH+H++++4+DYNAMIGCAL CALCULATIONS #4444+ ++ 4+ 4+ 44444t + 44441404404+ 400044
WRITE (5,30)
30 FORMAT (' ENTER NUMBER OF YEARS, STEP LEN,LTH, AND
1 NTH POINT PLOTTEN. ')
RIANDIS,40) JNYLARHGNTHPT

40 FORMAT(IF,I)
ARITE(9,50) s NYEAR ,Hy NTHPT
50 FORMAT (' NO., OF YSARS=¢,I O/ * STES STZE(YR)=',F5, 3,

17 ¢ NTH POINT PLOTTED=',1I5)
NPERYR=1./A3S(H)
NT OP=NYFAR*NPERYR
IF(H.LTe0JINYEAR==NYEAR
TTIMe=0.
hO NJM=1
NS OUMT =0
no 70 J=1,3
XSAVE (JyNUM) ={X{J)-XTRANS)I*SIND(FINGC)
70 YSAVE (J,NUM) =Y (J) -YTRANS
VX {1)==-GAMA(1)*VX (2)-GAMA(2)*VX (3)
VSAVE (NUM) =V X(1) *SIND(FINC)/70.2104
TSAVE (NUM)=T IME
vvax=10.
S=P1=0.
SEp2=0.
XMIN=0.
XMAX=0.
YMIN=0.
YMAX=0.
WRITE (9,80), TIMF



40 FOPMAT (/¢ STARTING RECTA'ISULAR PARAMETERS: yEAR=! Fn,2)l00
J2=1
J3=2
ARITE (3,900 (J2sGAMA (LY, X(2) Y U2),,VX(2),yY (2},
1)3,GAMA(2) 4 XU3) Y (3, VX(3),VY(3))

20 FORMAT(2(/ 12 42Xy GAMA=',F10,.5,/7X," X=',F1Ne54/7Xy? Y=¢,F10.5,
176Xy ! VX=!,F10.5,/6Xs* YY=!,F10.5/))
DI 200 N=1,NTOP
TIME=TIMF+H
CL11=H*FL1(X(2),Y (2),X(3) ,¥(3))
CL2=H*F2(X(2)4Y(2),X(3),Y(3))
C13=H*F3(X(2),Y (2) 9 x 3D,y (3))
CLU4=HRFL (X(2),Y(2),X(3),Y(3))
C15=H*FS(VX(2))
C16=H*FH(VY(2))
CL7Z=H*F7(VX(3))
CLB=H*FB(VY(3))
C21=H*FL1(X(2)4.5%C15,Y(2) +.5%C1hsX(3)+.5%¥017,Y(3) +.5%C18)
C22=H*F2(X(2)4.5%C15,Y(2)+.5%C1A X (31 +,5*C17,Y(3)+,5%C18)
C23=H*F3(X(?}+.5*C15,Y(2)+.5%C164X{2) +.5¥C17,Y(3)+,5%C18)
C24=H¥FL(X(2)+a5%C15,Y(2)+ . 53%C1A4X{3)+.5%C17,Y(3) +.5%C11)
C25=H*FS5(VX(2)+.,5*C11)
C26=H*FH(VY(2)+.5%C12)
C27=H*F7(VX(3)+.5%7:13)
C28=H*FARA(VY(3) +.5*%*C14)
CI1=H*FLIX(2)4.5%C25,Y(2)+,5%C2hX(3)+.5%C27,Y(3)4+.,5%C?8)
C32=H*F2(X(2)4.5%C25,Y(2) +.5%C2R,X(3) +.5%C27,Y(3)+.5%C28)
CII=H¥F3(X(2)+.5%C25,Y(2) +.5%¥C2hoX(3) +.5%C27,Y(3)+.5%*C28)
C3U=H*FL4 (X (2)+e5%C25,Y(2) +.5%C264X(3)+,5%C27,Y(3) +.5%C28)
C35=H*FE(Vx(2)4+,5%021)
CIA=H*FHE (VY (2) +.5%C22)
C37=H*F7(VYX(3)+.5%C23)
C3B=H*FB(VY(3)+.5%C?4)
CUl=H¥FLIX(2)4+C35,Y(2) +C36+,X(3)+C37,Y(3)+C3R)
CUZ=H*F2(X(2)+C35,Y(2)4C3h4X(3)+C37,Y(3)+(C33)
C3=H*F3(X(2)+C35,Y(2) 4C36,X{3)+C37,Y{(3)+C38)
Chl=H¥F4 (X(2)+C35,Y(2)+C36,X(3)4+C37,Y(3)+C38)
CuS=H*FS(VX(2)+C31)
Cub=H*FA(VY(2)+(32)
Cu7=H*F7(VX(3)+r33)
CuB8=H*Fa(VY(3)+C34)
X(2)=X(2)+(C154+2,%¥C25+2.*C35+CL5) /5.,
Y{2)=Y¥(2)+(C164+42,%C26+2.2C35+CUh) /5.
X{3)=X(3)+(CL7¥2.*C274+2.*C37+C4L7)7/5h,
Y(3)=Y (3)+(C1g+2.¥(C2B+2.*C33+CuBI/h.
VX (2)=VX(2)+(C11+2.¥C21+2.%33140c41)/h.
VY (2)=VY(2)4+ (C12¢2.%C224¢2.*C32%C42)/he.
VX(3)=VX(3)+(C13¢2,%¥C23+2.%533+043)76.
VY (3)=yY (3)+(C14+2,#*C2%+2 *C304+C004L) /6.
X(1)==-GAMA (1 )*¥X(2)=-GAMA (2) *X (3)
Y{1)==GAMA (1 )*Y (2)=GAMA(2) *Y (3)
VX (1)==GAMA( 1) *VX(2)-GAMA (2) *VX(3)
VY (1) ==GAMA(L)*VY (2)=GAMA(2)*VY(3)
VIEST=A8S (VX (1)*SINND(FING)}/0.1204)
TF(VTEST.GT.VMAX) VMAX=VTZST
NCOUNT=NCOUNT+1
IF (NCOUNT .NE.NTHPT)GO T0 2073

C+++ +++4+SAVE SPATIAL GCOORDS, RADIAL VELOCTITY, R CHzCK DcTECTABILITY t++++
NZOUNT=N
NUM=NUM+1



100

110

130
140

150

160

170
180

190
200

210

TSAVE (NUM) =T IMF

ny 100 J=1,3

XSAVE (o NUM) = (X (J)=-XTRAN;)ESIND(FINE) 142
YSAVE (Js NUM) =Y (J) =YTRANS
IF(XSAVL(J,NUM).GT.XMAXJx&nx=XSAVF(J,NUM)
IF(YSAVF(J.NUm).GT.YMAX)YMﬁx:ySAVE(J,NUM)

IZ (IXSAVECJyNUM) LT XMINIXMIN=XSAVFE (3, NUM)
IF(YSAVE (JyNUM) (LT YMINIYMINSYSAVE (g, NUM)
CONTINUE

VSAVE (NUMI=VX(1)*SIND(FINC)Z/0.21004
SEP1=ABS( YSAVZ (1, NUMI=YSAVE(2,NUM))
SEP2=ARSIYSAVE(1,NUM)=YSAVE(3,NUM))

IF(SEPL GT.SEPMX1)SEPMX1=SE>1
IF(SEP2.GT.SEPMX2)SEPMX2=gQE22
I5(SEP1.LT.VISt.OR.ISFE1.NE.0)Gy Tp 120
ISEFL1=1

ARITE (5,110) s TIMF

WRITZ(Ry4910),TIM:

WRITF(9,4110) +TIME

FORMAT(* COMPANION A VISIBLF AT TIMF=',F8.2)
GI) TO 149

IF(SEPL.GT.VIS1.0R.ISEE1.NE,1)GN TO 140
ISEEL=0

ARTTE(5,130) ,TIMg

NRITF (B,130) ,TIME

WRITE(9,130) ,TIME

FORMAT (! COMPANIGN A NON=-VISIBLF AT TIME=’,FR,?)
IF(SZP2.LT.VIS2Z.0RJISEE2.NE.0)GD TN 160
ISEEZ2=1

HRIVE (5,150) ,TIME

WRITZ(R,150) ,TIMZ

WRITE(9,150),TIME

FORMAT (¢ COMPANION 8 VISIGLZ AT TIME=',F8.2)
GO TO 180

IF(SEP2.6T.VIS2.0R.ISEE?.NE.1)G0O TN 140
ISEE2=0

ARITE(S5,170) TIME

WRITE(8,170) ,TIME

WRITE (9,170) ,TIME
FORMAT(’ COMPAMION 8 NON-yISIBLF AT TIMF=!,F8,2)

IF (XMINOGT'_ZUU.OANF’.YMIN .GT c”?OUOOAN[)n)(MAXoLr. 200..

1AND« YMAX LT .200.)G0 TO 200

IF(ITRIP.GT.0)GN TO 200

ITRIP=1

WAITF (5,130) 4T THF

WRITE (R4190) 4 TIME

ARITE (94+190) 4 TIME

FORMAT (* SPATIAL EXCURSION GREATER THAN 200 AU AT TIMF=',Fg.2)
CONTINUE

WRITE(9,210) ,SEPMX1,SFPMX2,VMAX
FORMAT(* BINARY To COMPANION A MAXTMUM SEPFRATION(AU)=',FR.3,/

1¢* 3INARY TO COMPANION B MAXIMUM SFPERATION(AU)=',F83.3,/
2¢' MAXTMUM QRADIAL VFLOGITY (KM/SEGC)=',FR.3)

Cos+4+4+SPATTAL CONFIGURATION PLOTTING +44# 444444ttt bsttbitttttsttvresss

G
220

230

PROJSCTFN ON PLANE INCLUDINS LINE 0OF SIGHT.
AYMIN=ABS(YMIN)

IF(YMAX.GT.AYMINIGO Tn 230

YMAX=AYMIN

YMIN==YMAX

AXMIN=AES (xMIN)



LF (XMAXGTLAXMINIGO T 7oy
XMAX=AXMIN 143
240 XMIN==xXMAYX
IF (YMAX «GT X MAX) XMAX=YMA(
IF(YMINGLTXMIN)XMIN=YMTN
YMAX=XMAX
YMIN=XMIN
XMIN=XMIN*1.3%4
XMAX=XMAX*1, 34
DINCX=1.
IF (XMAXGT 410, ) DINCX=10.
IF IXMAX«GT 4 100,)NINCX=100,
DINCY=NDINCX
MODEL=0
MODEZ2=1
ORIGIN=0.
PAUSE
CALL ERASE
CALL SCTUP(XMIN,YMINy,XMAX,YMAX,M0ON=1,M0NZ2)
CALL AXIS(ORIGIN,ORIGINsOINIX,DINCY)
CALL HOME
NYR=NYR4NYEAR
WRITF(5,250) ITRIAL,NTINCX,NT4PT,NYR
250 FORMAT(//* TRIAL NO.’,T4,/7*' SCALE(AU)=',FS,.0,
i7' NO. OF TIM: STgPS=',1I6h,
17 ¢ TIME(YR)=?',16)
MODE=-1
DO 250 I=1,NUM
DJ 260 J=1,3
CALL TPLO TUIXSAVE(J,I),YSAVL(J,yT),MODE)
260 CONTINUF
CALL HOME
CH+H++ ++++DETERMINE RESIDUALS FROM DYNAMICAL MONEL +444+4+ 40444404444 440444+
DD 270 I=1,NUM
OMINC(2,I)==-XSAVE(1,1I)/C
270 CONTINUF
CALL WAIT(NWORD)
IF (NWORD_EQ. 'G')GO TO &0
WRITE(5,280)
280 FORMAT (' SAVE SPATIAL GN0D3 ON DISK<1> N2 NOT<CR>?¢,3)
READ(5,4,40) yISPACF
IF(ISPACE.EQ .0)GN Tn 340
WRAITE (5,230)

290 FORMAT (' ENTGER BIGINING AND FNDTING TIMES(YR)3 !, %)
R=AD(S,300) s TBEG, TEND
300 FORMAT(2F)

JTBEG=THFG

JTEND=TEND

QPLTX:;[].
IF(YMAX.GT.50.,)NPLTX=100,
IFIYMAX.GT.100.)QPLTX=150,
IFIYMAX.GT.150.)0pPLTX=200.
IF (YMAX GT .200.3QPLTX=YMAX
NAPLTY=QPLTX*7./5
PLTX==-QPL TX

PLTY==-0QPLTY

LINES=NUM/2+1
LINFLT=LINES=-1

CALL OFTLE(1,'SPACE’)
NQIT5(1,3103,ITQIAL.JYBEG.JTEND,DLTX,OPLTX,PLFY.QPLTY.LINES



510 FORMAT (*VFRSNO3*,/
1'GRAPHNL,/ 144
2 TITLF29MODEL #7,I34 '3 yIh, ! TN’ ,16,! v g/
3'XAXIS32PROJECTED ON PLANE INCLUDING LNS’,/
4 YAXISOL(AUD !,/
SISPFCS!'ynFR«e0y!' 2 2 2 2 .05 2 21,7
6'DATA ', T4
WRITE(1,+320) ((XSAVF(IyJ)sYSAVE(T,J)yT=143),J=1,NUM=1)

320 FORMAT (150 (1 2F6e17))
WRITFE(1,330) (LINPLT,,I=1,10)
330 FORMAT (’PLOT 010220',T5,/

1'PLOT 030420'+165,47
2'PLOT 0304019°,15,/
3'PLNT nS506207,16,/7

4*'PLNT g50k09*,15,/
S5'PLOT q70820°',15,/
6'PLOT 091020°,1I5,/
7'PLOT p910097,15,/

B*PLOT 111220',1I5,/
g'PLOT 1112097,1I5,7'STOP!)
END FILF 3

340 IF (INWORN.EQ. 'B*)RFETURN
CALL FRASE
CaLL HOMz
CH++4+ 34+ 4+4+PLOT 0= CURVE +4+ 4+ 4+ + 44+ 1+ HH 4140451544404 4444454444483 023044414
350 IF(ISPACE .GT .0)GO Tn 380
360 WRITE (5,370)
370 FORMAT (' cNTSR BEGINING TIMZ(YR)E: !, T)
READ(5,300) +TBEG
380 IF(TIME) 390, 390,400
390 TMAX=TBFgG
TMIN=THBEG+TIME
GO To 410
LOO TMIN=T3EG
TYAX=TBEG+TIME
w10 CONTINUF

TTMAX=TMAX
I (TMAX.LT.‘[ 0.)TTMAX=10,
IF(TMIN.GT«=~100.) TMIN==-100,
DI 420 [=1,NUM
420 T(2,T)=TSAVFE (L) +T3:0R
CALL HISTRY(NUM)
RMIN='0.1
RMAX=0,.1
DINGT=10.
DINGCR=0,01
CALL SETUP(TMIN,RMIN,TTMAX,QHAX,MODFI;MOHFZ)
CALL AXTS(ORIGINyNRIGINIDINIT,DINCR)
GCAatL HOME
ARITE(5,430) ,ITRIAL
4 30 FORMAT (/7' TRIAL NO. ', I4)
D) 460 I=1,IMAX
IF(IRAR) 440, 440,450

G440 MODE=-1
CALL TPLOT(T (1,1),0MING(1,I),MONE)
50 TO 460

450 MODE=0

OCTOP=0MINC(1,I)+008S(T)
ACBOT=0MINC(1,I})-003S(I)
CALL TPLOT(T(1,1),00TOP,MODZ}



470

TIr(1,I),0C807,49N3) 145

_ s NUM
Lr tie LT 1)MONFE=1
CALL TPLOTI(T(2,T1),0MINC(2,1),MODE)
CONTINI},
CALL HOME
CALL WAIT(NWORD)
IF (NHORD.EQ.*G')GOD TO 60
IF (NWORD, =0« *g"YRFETURN
IF INWHORD,EN.'R*)IGO TO 3K0

C+++++++RADTAL VELOCITY RESINUAL ZUIVE +4++++++ -+ 44 b4+ 4440 t40 440404404404

480

VioP=5.
V3O0T==yTOP
DINCV=1,

CALL ERASF

CALL SETUP(TMIN,VBOT,TMAX,VIOP,MODEL1,MODE2)Y
CALL AXIS(O0RIGIN,ZORIGINSDINST,NINCV)
CALL HOMg

WRITE(5,430) ITRIAL

MODE==-1

J=2

N3 4LAOD T=14NUM

CALL TPLOTH(T(J,yI), VSAVE(T) ,M0NF)
CONTINUE

CALL HOME

CALL WAIT(NWORD) _

IF (NWORD.EQ. 'G")GO TO 60

IF (NWORD, N 'R*IGND TO 350

CHre+ +4+4++HRITE RFSIDAL DATA FILE FOR CALCOMP PLOTH++4 43+ 44+ 444444444444

%490

500

510

520

530

AQITE(S,490)
FORMAT (' SAVE RFSIDUALS ON JTSK(1) QR NOT<GR>?7,3)
READ(5,60),1RES

IF(IQES.EQ.01Gg TN 530

LINFS=TMAX ¢1

IF(NUMLGT . IMAXILINES=NUM+1

LINMPLT=LINES-1

CALL OFILF{1,'RESIN’)

WRITF (15500) s ITRIAL3TMIN, TMAX,LINFS

FARMAT ('VERSNG 3!,/ 'GRAPHOL Y,/ 'TITLEPSMNONIL #¢,13,¢t 0=
L1RESIDUAL S, /"XAXTISOSYEARS 'y /'"YAXTS3HEARPLY N-C{NAYS)

2 LATE?',/'SPECS*, 2F7.0,' -0.1 0.1 2 2 2 2 0.08 2 2°',
3/ 7DATAY, T4)

WRITF (19510) ((T(JyI) 3 OMINC(J,I)+J=1,2),VSAVF(I),DIF(I),
1I=1,LINPLT)

FORMAT(301(6F10447))

WRITE(1,520) yIMAX4NUM, ITRIAL ,TMINy TMAXsNUM,ITRIAL yNYM
FORMAT(!'PLOT 0102077,1I5,

2/'PLOT 030420°'+15+7 'GRAPHOL *4/7 ' TITLF39MONEL #',13,'t ANIAL

3 YFLOCTTY RESIDUALS *4/'XaXISO5YEAQS’,/ ' YAXIS12 VRAD(KM/SEC) ',
L/ 'SPECS ' 42F7.0,4' =10. 10. 2 2 2 2 .08 2 2",

5/'PLOT 30520',15,/9GRAPHOL?,/TITLE3BMONEL #',13,t REPUCED
6 0-C RFSIDUALS ' /' XAXISOSYFARS?,/ 'YAX[S3B6EARLY 0-C
7 (DAYS) LATE®, /*SPE3S-100., 0. -0.01 0,01 2 2 2 2

RO .0B 2 214,/ 'PLOT 010620',1I5,/7'STOP")

END FILF 1

RETURN

END



FUNCTION FL(X2472¢X3,Y3)

COMMON/FUNCT Z/FACTNR, GANAL(R) 146
X1i==GAMA(1)* X2=-GAMA(2) * 73

YL ==GAMA(1)*Y2=-GAMA(2)*V]

R23I=SOART({(X3-X2)*¥*¥2+{Y3-Y¥2)*xD)
R12=g5QRT((X2~-X1)*¥24(y2~yq1)**3)

FL=FACTOR® ((X1=X2) /R12**34GAMA(2) % (X3=X2)/R23%*3)

RE TURN

END

FUNCTION F2(X2,Y2,X3,Y3)

COMMON/FUNGT /FACTOR,GAMA(?2)
X1=-GAMA(1)*X2-GAMA(2) *X3
Y1=-GAMA(1)*Y2-GAMA(?2) *Y3
R23=SART L (X3 -X2)**2+(Y3-Y2)**D)
R1Z2=SARTIIX2-X1)**2+(Y2-Y1)*¥2)

F2=FACTOR* ((Y1-Y2)/R12*¥*3+GAMA(2)*(Y3-Y2)/R23%+3)
R TUQN

END

FUNCTION F3{X2,Y2,X3,Y3)

COMMON/FUNCT /FACTOR,GAMA(2)
X1=«GAMA (1) * X2-GAMA(2) *X3
YiI=-GAMA(1)*Y2-5AMA(2) *Y3
R23I=gNRTI(XZ X2V **¥24+ (Y3I=-Y2)**2)
RIZ=SQRT((XI-X1)**2+(Y3-Y1)¥¥D)

F3=FACTOR* ((X1-X3)/R13*¥34GAMA(1)*(x2~X3)/R23%*3)
RZTURN

END

FUNCTION F4(X2,Y2,4%3,Y3)
COMMON/FUNCT/FACTNR,GANAL(2)
X1==-GAMA(1)*X2=-caMAl2) *X3
Y1i=-GAMA(1)*Y2-GAMA(2)*Y]

R23=SART ((X3=X2)*¥¥2+(Y3-Y2)*¥2)
R13=SQRTIIXI-X1)*¥*¥2,4 (Y3 ¥Y1)**2)

Fez=FACTOR* ((y1-Y3)/R13*xT+GAMA(L)*(Y2-Y3)/R23**3)
RETURN

END

FUNCTYION FS(yx2)
Fo=VX2

RETURN

END

FYUNCTION Fo{vYZ2)
Fh=VY2

RETURN

END

FUNCTION F7(VX3)
F7=VX3

RE TURN

END

FUNCTION FB8(VY3)
Fa=VY3

RE TURN

END



SUGROUTINFE HISTY (NJM)

c PROGRAM TO GORELATF 03S.7ATA TO MODFL NATA. 147
3 NOTE: MAXIMUM NUMBFR OF NTRIFS IN 0-C FILF IS 150.
DOUBLE PRECISIONM QT,QY,nT1
DIMENSTON QT (150),0Y (150) JIMOB(7)
COMMON/HIST/T(2,301)49MINC(2,301),D03S(150),134°, [MAX, ISTART
1,0IF(391)
IF (ISTART.GT .0)G0 TO 100
10 N2 20 I=1,300
T(1,1)=0.
OMING (1,1)=0,
20 CONTINUE
ISTART=1
WRITE (5,30)
30 FORMAT (* SPECIFY INPUT FILE NAMF$’,3)
R-AD(S,40) 4FTLL
40 FORMAT (AS)
CALL TFILE (| JFILF)
READ(1,50) ,IMAX,EGLPER,OT1,
L ONOUM 0T (1) 40085 (T) 3 QY (1) 3 (DUMOB(J) 9 J=147)yTI=1, TMAX)
50 FORMAT (I10,2020e10/, 150 (L75017410,F8.5,F9.5,2X, 3A5,2X,%85/))
WRITE (9,60) 4 FTLE, FCLPER
6.0 FORMAT(* INPUT FILF f,A5,' ARITTEN WITH PERION=',1P015.9)
WRITE(S,70)
70 FORMAT(® ERROR 3ARS(1) 0OR NIT<CR»>:’,3)
READ(5,30) 41 8AR
80 FORMAT(T)

00 90 I=1,IvAX

T(1L,I)=(AQT(I)-QT1)/365.25

OMINGC (1,I)=0YL(T)
90 CONTINUF

CALL cRASE
CH++r ++4+FITTING ACCURACY CALCULATION. #+ 4+ 44+ 4444440044404 4 40004t E40
100 SUMDIF=0,

COuUNT=0,

IF (TL24NUM) . T.T(2,1))Gn TO 1110

KTP=1

K3 T=NUNM

Gy Tg 120
110 KTP=NUM

K3T1T=1
120 CONTINUF

D3 130 1=1,TIMAX

IF(T(L3I) oLT T(2,KTP) 02, T(1,T)«GT.T(2+,%BRT})G0 TO 130

CALL NTRP(T(1,I),F1,NUM)

COQUNT=COUNT+1.

DIF(IDI=OMING (L1,T)-F1

SUMDIF=SUMDIF+DIF(I)*NIF (I)
130 CONTINU-

IF(COUNT.EN.1.)GO TO 152

RMSFIT=SQRT{SUMOTF/(COUNT=-1.))

ARITE(B8,1u40) ,COUNT,RMSFIT

WIITF (9,140) yCOUNTRMSFIT
1410 FORMAT (¢ QMS FITTING ACCURACY 0OF’,F5.0,' O3SERVATIONS=!,F10.6)
C+es +$+++++{-+++¢+#++++++++’.++++++++++{r++ FHF4 444444 H 451 1L 2 HEHHET GRS
150 RE TURN

END



DO AOa

10

20

30
40

50

SUBOUTINI NYRP (Y1471, 4)
LINEAR INTERPOLATION SUR2IOUTINE. 143
J=NUMBEP OF ENTRIES IN ARRAY,
SIVFN ACRAYS X (N) AND Y I(N), SUBPOUTINL WILL FIND
FOR FACH VALUE OF X1 THF CNRRESPONNING VALUF OF Y SUCH
TAAT F1=Y(X).
NDIMENSTION X(301),Y(301)
COMMON/HIST/T(2,301),OMINC(2,301) y,n0BS(150) ,IBAR,IMAX,ISTART
1+ 0IF (301)
Dl 10 1=1,301
X(I)=T(2,1) A
Y(CI)=OMINC(2,I)
CONTINUFE
IJORDER=D
IF(X(1).GTX(J))TORNER=1
I=1
IF(IORODER.GT ,0)GO TN 30
IF(X(T+1)=-X1140,50,50
IF(X(L+1)=X1)50,50440
I=1+1
IF(T+1-J)204+50+50
Fi=(X(T+#1)=X1) Y (T)+(X1-X(I))*Y(T+1)
FL=F1/7(X(L+#1)-X(1))
RE Tu2N
END
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Program BINOBS

When planning an observational program for eclipsing binary stars,
it is advantageous to know well in advance the time when an eclipse’ is
expected to occur. The Fortran code BINOBS produces a day-by-day chron-
ological listing of times of occurrence for as many as 20 systems. It
is useful to execute the code prior to the observational season each
year.

A sample of the output from this code is given in table 7. The
format is such that the schedules of minima for any one night are con-
fined to a single page. This allows the observer to carry with him to
the observatory only information which is relevant to that night's

viewing.



TABLE 7
ECLIPSING VARIABLE SCHEDULE OF MINIMA
FOR NIGHT BEGINNING ON 7/17

JULIAN DATE: 42977.0000
STAR JD OF MINIMA | UNIVERSAL TIME STANDARD TIME DAYLIGHT TIME
ATPEG 0.0183 12:26 5:26 6:26
DOCAS 0.0565 13:21 6:21 7:21
XXCEP 0.0599 13:26 6:26 7:26
TWDRA 0.0971 14:19 7:19 8:19
I BOO 0.1858 16:27 9:27 10:27
I BOO 0.4537 22:53 15:53 16:53
I BOO 0.7215 5:18 22:18 23:18
DOCAS 0.7412 5:47 22:47 23:47
BFAUR 0.8443 8:15 1:15 2:15
RYAQR 0.9609 11:03 4:03 5:03
I BOO 0.9893 11:44 4:44 5:44
RZCAS 0.9910 11:47 4:47 5:47

0ST



L0

50

60

70
80

910
100

110

129

130

140

150
160
170

BINOBS«F " 151
PJROGRAM TO CALCULATE EGLIPSING VARTABLF OBSERVATION SCHFDUAL,
IMPLICIT NOUBLF PRFCISINY (A-H,0-Y)
DIMENSION ZSTAR(ZU);TKNO#N(ZO)qPEQIOO(QU),MAXHAY(tz)
DFMENSION THOLD(S50),ZSHOLN(50),TSAVE(S5D), ZSSAVF (5p)
NOTet ITZONL IS STDe Trmc DIF. BoTWi.N OBS<PVATORY AND 3MT.
ITZONE=7
2A;A é:AXDAY(J’1J:1v12,/31928931130'31v?0v3193ls30131930131/
YPL
FORMAT(?1{HOA MANY BINARIES 3F ING CONSIDFREN? ', 3)
ACCEPT 30,NSTAR
FORMAT(I)
IFINSTAR,GT.20.0RNSTAR,LT,.1)50 TN 11
Do 80 N=1,NSTAR
TYPE 40
FORMAT (/' ENTFR STAR NAME1 ¢, %)
NDOTF: MAXIMUM FIFELD WIDTH IS S5,
ACCEPT 50,7STAR(N)
FORMAT (AS )
TYPE 60
FORMAT (' ENTER FPHEMFRAL JD, AND PFRIONDT?,3)
ACCEPT 70, TKNOWN({N),PERTIONIY)
FORMAT(2D)
CONTINUE
D3 100 N=1,NSTAR
TYPE 90 4ZSTAR(N)y TKNOWNIN) ,2FRIOD(N)
PUINY 90,4, ZSTAR(N) 4 TKNOWNI(N) 4 PERION{N)
FORMAT (A1N,42N15.8)
CONTINUF
TYpPE 110
FORMAT (/' AT WHAT JN DOES THIS FORCAST BEGIN?Y, §)
ACCEPT 30 ,4,IBEG
T3EG=IBEG
TYPE 120
FORMAT{' FO HOW MANY DAYSI??,3)
ACCFPT 3p,LTOP
TYPE 13N
FORMAT(’ 3ESINNING JN IS AHAT MONTH, DAY, YEAR?(124331+75)1',%)
ACCEPT 140, MON,INATE,IYR
FORMAT (31)
INDATE=INDATE-1
IYR=TYR=-72
LEAP=MODT(IYR,4&)
IF(LFAP.EN.J)YMAXDAY(2)=29
FOLLOWING UPDATES EpHEMERAL JD 70 BFGGINING OF FORCAST +4+t+4t+4s
DO 170 N=1,NSTAR
023 150 I=1,100000
E=1I
START=TKNOWMIN) +E*PERTIODI(N)
I (START .G« TBEG)IGO TO 160
CONTINUE
T<NOWN (N)=START
CONTINUE
DAY LOOP PSR S S S S S Y YT SN S LA A AR A A R A A A S & &
DO 3in L=1,LTOP
FL=L-1
IZO0UNT=D
IDATE=INATE +1
IF(INATE LLELMAXDAY (MON)IGO TO 180
MON=MON+1



180
190

200

210

220
230
240

250

260

270

280

290
joo
310

320

[F(MON.GT.12)MON=1

INATF=1 152
PRINT 190,MOIN,INATE

FORMAT (#19412(/)433X,' 'SLI?>SING VARIABLE SCHENUAL OF MINIMATY,
1/737%s' FOR NIGHY BEGINNING ON’ .13, 7',13)

DAY=TREGHFL

pDAY1=DAY+1,0

ZDAY=DAY

PRINT 200,70DAY

FORMAT (40X, ' JULIAN DATE:',T15.,4//)

PRUINT 210

FORMAT (23X, ' STAR' 4X,* JD OF MINIMA’,4X, 'UNIVFQSAL TIwF',
13X, 'STANDARD TIME',3X,'OAY_IGHT TIMF?,/)

D=TeRMINE ALL MINIMA FOR THIS DAY #4444+ 44+ 4444444004430 0 04400004
Dy 240 N=1,NSTAR

DY 220 I=1,10

E=I-1

TEMP=TKNOKN(N) ¢F¥*PEQTQOD(N)

IF(TEMP.GE.DAYL1)GO TO 230

ICOUNT=TICOUNT+1

THOLO (ICOUNT )=TLZmp

ZSHOLD(ICOUNT) =ZSTAR(N)

CONTINUE

TKNOWN(N)=TZMP

CONTINUFr

IF(ICOUNT.NE.D)GO TO 260

PRINT 250

FORMAT (20X,' NO ECLIPSES FO ANY 0OF THESE PROGRAM STARS TODAY.')
Gd) TO 310

FOLLOWING PyTs MINIMA IN CHRONOLOGICAL ORDZIR ++++4tbtttbttttttss
D0 230 M=1,ICO0OUNT

TSAVE(M)=3.9N20

Nd) 270 J=1,IGOUNT

IFITHOLN(J) « GT TSAVE(MI)IGO 10 270

TSAVE (M)=THI LD ()

ZSSAyE (MY=ZSHOLI3(Y)

JMIN=J

CONTINUF

THOLD (JMIN)=9.9021

CONTINUE

00 300 M=1,ICOUNT

TSAVE(M)=TSAYE(M) -DAY

HJUR=TSAVE(M)*24,

IHOUR=HNUR

FHOUR=THOUR

MI N= { HOUR-FHQUR)*60.

IHOyYR=IHOUR+12

LOCLST=THCUR -ITZONE

LOCLNT=LOCLST+1

IF(IHOUR.GE.24) IHOUR=THOUR=-24

IF (LOCLST «GZ+24)LOCLST=LOCLST=-24
IF(LOCLNT .GE «24)LOCLDT=LOCLIT-2H

Z=TSAVE (M)

PIINT 290,ZSSAVE (M) ,Z, IHOJRyMINsLOCLSToMINsLOCLOT 4MIN
FORMAT(L1OXsA10,FL2etatsX 110, 727, 12,113, 1y I2,113473%512)
CONTINUE ‘

CONTINUE

TYPE 320

FORMATU(///' PICK UP LINE PRINTER OUTPUT®)

eND
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Program OCPLOT

To obtain a Calcomp plot of an 0-C residual file, execute the
Fortran code OCPLOT. The only input required is the name of the file
which is to be accessed. Plotting specifications and titles are deter-
mined automatically and a disk file named GRAPH.DAT is written. To
complete the plotting, simply run the library code SPLOT which reads
this file.

.RUN SPLOT (2302,11)

Examples of these plots are given in appendix 2. The residual
values are represented by asterisks (*). Located above and below each
residual is a cross (+) which indicates the observational accuracy of
that value. The maximum number of 0-C entries which may be plotted by
this code is 800. Year zero corresponds to January 1, 1980 and there-
fore all eclipses observed prior to this date will be plotted as nega-

tive dates.
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CREATE DATA FILE FNOR 0-0C PLOT ON CALCOMP PLIOTTERcaeee
I‘; JANUAQY 1' 1‘]8]000..-..0..-.
SISION PERIND, T1,TTY
QFPOCH(8UU}.TT(HU]),DOBS(HOO).HOLD(&UU’908(7,800)

TYPE 10

FORMAT(’ ENTER FILENAME:', %)

ACCEPT ?20,FILE

FORMAT (AS)

CApLL IFILE(L,FILF)

READ(1,30),TMAXPERION,TL,

1(N5POCH(I),TT(I),UOBS(I),H)LD(I),(Oth,I)yJ=1.?i»I=1,THAXa

FORMAT(IiD,ZDZU.lol,800(17,)1?.10.FB.S,F9.5,2x,3n5,2vaA5/))

YMX=(Q.

pOBMAX=0,

XMN=0.,

D) wo I=t,IMAX

IF(NOBS{IYI.GT.00BMAXINNBMAX=DNNBSI(T)

IF{AZBSIHOLDI(TI)) «GTaYMX)YMX=ABS(HOLD(I))

TT(IY=(TT(I) -442983,) /365,25

IFLTT(I) LT XMNY)XMN=TT(T)

CONTINUF

YMX=YMX+DOBMAX

YMAX=0,06

IFIYMX,GT,0,05)YMAX=0.1"

IF(YMX.GT.0.10)YMAX=0,15

IF(YMX.GT 0.1%)YMAX=0,.20

I (YMXeGT .0.20)YMAX=0.25

IF(YMX.GT a0425) YMAX=YMX

YMIN==YMAX

XMIN==110,

K<=1

IFI(xMMN.GT.=10.)G0 T 59
XMIN==21N,

KK=2

IF (xMN,GT_ -20,)G0 TO s5n
XMIN==30.

K<=3

IF{XMN.GT.~-30.)Gp TO 50
XMIN=-40.

K<=4

IF(XMN.GT =40,)50 TN 59
XMIN==5(.

KK=6

I (XN GT,-50,)G0 TN 59
XMIN==610,

K<L=6

IF (xMN.GTe=50.)G0 TO S0
XMIN==71,

KK=7

IF(XMN.GT.=-70.)6G0 TO 510
XMIN==81,

KK =4

IF (XMN,GT,=80.1G0 TO 570
XMIN==-910,

K =4

IF {XMN.GT «-90.)Gp TO 50
XMIN=-100.

K¥=5

CALL OFILZ (1,'GRAPH")
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MAXI=TMAX/2+1

WRITE(LsH0) s FILZ yPERION K MINGYMIN, YMAX y KKy KK o MA XT 155
FORMATU'VERSNOZ ',/ 'GRAPKIL ", /!TITLF2h ', A5, pFRINN=",
1512.847 ' XAXISOSYFARS !,/ 'YAXIS190-C RESINUALS{NAYS)?,/
2ISPFCS?yFb0ys" 0o "32F5.2," 1 2 ,T1,"' 2 U8 *,I1," 27,/
3¢npATA ', 13}

WAITE(L,70) CTT(T) yHOLO(I) y0IBS{TIY,T=1,IMAX)
FORMAT(400(HFL0.57))

IMAX=TMAX/2

WRITE(1480), IMA Xy IMAX, IMAXy IMAX,y IMAX, IMAX

FORMAT('PLOT 010207',15,7'PLOT 040507 ',[5,/ ALTERO2034107 ",/
2¢PLOT 010705'+I5,/7*ALTFR05064107¢,/'PLOT 040705*,15,
37'ALTERQ2034207",/'PLOT 010705',15,

4/ 'ALTEROS0AL4207%,/'PLOT 04D705',15,/'STOP?)

END FILF 1

END



APPENDIX 3

SPATIAL CONFIGURATION PLOTS

In the foliowing plots, the direction to the earth is that of the

positive abscissa.
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