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

Director; Thomas E. Margrave^'^Çj^^/^

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
la te  0-C residual data f i l e s ,  and f i t  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 e ffec t  of companions on eclipsing binary stars

I t  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 i t  to wander with respect to the center- 

of-mass (COM) of the multibody system. This wandering motion of the 

eclipsing binary w i l l  cause i ts  distance from the sun to be variable.  

Since the speed of l ig h t  is a constant, the amount of time required for  

l ig h t  to arr ive  from an eclipsed binary pair is d irec t ly  proportional to 

i t s  distance. The variation of l ig h t  travel-t ime 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 

l ig h t  travel- t ime e f fec t  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 w i l l  be constant and thus adds a constant amount to 

the in t r in s ic  period of the eclipsing binary pairs without affecting the 

amplitude of the period variation.

While the l ig h t  travel-t ime ef fec t  has often been postulated to 

explain the historical  behavior of certain eclipsing binary systems, no



method of analysis has yet been devised which describes the masses and 

time-dependent positions and ve loc it ies  of the possible companions which 

would account for the observed residuals. A method of determining these 

parameters by applying a technique of f i t t i n g  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 multipi e-body systems

Before suggesting the existance of companions to explain the time 

residuals observed for  the l ig h t  minima of eclipsing binary systems, 

i t  is worth considering whether such systems are l ik e ly .  Choosing as a 

representative sample of the galaxy's spiral arm population, the 253 

stars found within 10 parsecs (32.62 l ight-years) of the sun, 42.3% are 

found to be single stars, while the majority (57.7%) are members of 

multiple star systems. I t  seems probable that less massive dark compan­

ions would be associated with s te l la r  systems in even greater abundance, 

since the greatest gravitational interaction experienced by any one 

companion would most l i k e ly  be due to the central pa ir ,  while the other 

companions would only o f fe r  secondary perturbations, and gravitational  

s t a b i l i t y  of the system could be expected. B. M. Oliver (1972) l is ts  

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 

o th e r ." Apparently, multipi e-body systems are the rule rather than the



exception, and i t  is quite plausible to hypothesize low-mass companions 

about the central pair in eclipsing binary systems.

Binary star c lass if ica t ion

Binary star systems can be classif ied in one or more of several 

catagories. Stars which appear on nearly the same l ine  of sight yet are 

separated by such large distances that they are not bound grav ita t ion­

al ly ,  are known as optical pairs and are of l i t t l e  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 th e ir  orb ita l  elements and masses.

For many binary systems only one point of l ig h t  can be seen due to 

i ts  part icular distance from the earth and spatial separation and the 

re la t iv e  luminosities of the component stars. One c lass if ica t ion  of 

unresolved pairs Is that of the astrometric binary. Although these 

systems often are re la t iv e ly  close to the earth and the apparent magni­

tude of one body is beyond d e te c ta b i l i ty ,  the presence of the dark 

companion is seen as a wavy displacement of the v is ib le  star rather than 

the l inear  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 th is star have been offered which postulate the presence of 

one (Van de Kamp 1962, 1969a), 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 e f fe c t .  Much information about the projected orb it  of one or 

both stars about the system's COM can be derived by noting the temporal 

manner in which the spectral l ines are shifted towards the red as a star 

recedes and towards the blue as i t  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 l ine  of sight) w i l l  have radial  

velocit ies with respect to the earth and might be expected to exhibit  

such a doppler e f fec t .  A maximum doppler e ffect  for  any system occurs 

when the system's orbita l  plane l ie s  along the l ine  of sight to earth. 

These systems are part icu lar ly  interesting because the ir  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 re la t ive  orbits and masses of the 

stars can be determined through spectroscopic analysis.

Eclipsing binary star l ig h t  curves

The variation of the brightness of eclipsing binary stars is conven­

ien t ly  displayed by a graph depicting the system's apparent magnitude 

versus time. Usually referred to as a l ig h t  curve (f igure 1; Rossati, 

1970), i t  is characterized by constant brightness except during times 

when eclipses cause a reduction in the amount of l ig h t  reaching the 

observer. Since the two stars may be of d i f fe ren t  absolute magnitudes, 

alternate  eclipses can d i f f e r  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 

la te r  when i t  is the less bright star which is being blocked from view 

by the brighter star.  Since the l ig h t  curve is re p e t i t iv e ,  the period 

can be defined between any two times with the same re la t ive  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 be made simply

by extrapolating from a known time of occurrence (T^nown)  ̂ past 

eclipse.

Tcalc = Tknown +  ̂ *  P (1 -1 )

The epoch (E) is necessarily an integer indicating the number of events

which have occurred since the known time.

The l inear elements of this expression ( i . e .  P and are

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 l inear 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 part icu lar  residual indicates whether 

that eclipse occurred e a r l ie r  (negative) or la te r  (posit ive) than pre­

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



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

value of the period chosen for  the calculations.

Variations of eclipse period

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

eclipsing binary stars may be classif ied as being either continuous or 

discontinuous.

Continuous var ia t ions. A possible explanation of a continuous variation  

which is periodic could be apsidal rotat ion. I f  the re la t ive  orb it  of 

the eclipsing pair of stars is an e l l ipse  of eccentr ic ity  greater than 

zero, then a rotation of the l ine  of apsides is possible. The e ffect  of 

the variable orb ita l  ve loc it ies  associated with e l l ip t i c a l  orbits com­

pounded by the rotation of the o rb it  is to produce a sinusoidal variation  

in the 0-C curve ( f igure 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 w il l  

o s c i l la te  about the 0.5 phase point of the l ig h t  curve with a period 

corresponding to the period of apsidal rotation.

I t  is interesting to note that a l ig h t  travel-t ime effect  also is 

associated with these systems. The spatial excursion of the point of 

eclipse, however, is re la t iv e ly  small. Typically this ef fect  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 p lo t ,  but the phases of both curves are the same. 

In such cases the secondary minima remain fixed halfway between the p r i ­

mary minima, further excluding apsidal rotation as an explanation. The 

continuous variation exhibited by the 0-C curve may then be attr ibutab le  

to the presence of a th ird 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 l ig h t  travel-t ime  

effec t .  Translation of the three-body COM re la t ive  to our heliocentric  

coordinate system w i l l  cause a difference between the observed eclipse 

period and the absolute period. However, since this difference is a 

constant, i t  is of l i t t l e  consequence in a study of period varia tion.

I f  there is more than one periodic ity  in the 0-C curve i t  may be neces­

sary to postulate the presence of additional bodies to s a t is fac to r i ly  

explain the nature of the system.

Discontinuous var ia t ions . The second category of eclipsing binary 0-C 

curves is characterized by abrupt discontinuities attr ibuted 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,

(m^+mg)?  ̂ = (1.2)

where m̂  and mg are the masses of the components, P is the orbita l  

period of revolution, and ^  is the average l inear  separation between the 

components, a change in period can be caused by e ither  a change in 

separation or in e ither 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 f ie ld  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

e f fec t  is ascribed to the explosion with less importance given to the

effec t  of mass loss and points out that sometimes the two w i l l  reinforce

each other, and at other times they w i l l  cancel. Quantitatively,  he

finds that a mass loss of about 10"^ solar masses (M^) can cause a period

change of one second in a typical system which has a total mass of 2M1 ,o
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 c lassif ied  under the unseen companion hypo­

thesis. Therefore, for systems whose residual periodic ity  is not well 

defined, there remains some ambiguity as to which of these la t t e r  two 

groups i t  belongs. I t  seems l ik e ly  that perturbing forces of a m ult ip le -  

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 c r i te r ia

The intent of th is  study is to investigate eclipsing binary stars 

whose behavior is explained by the unseen companion hypothesis. Select­

ing suitable stars fo r  analysis began with a search through the Flower 

and Cook Observatory Finding L is t  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 c r i te r ia  imposed was that  

of observability at la t i tude  46.8°N from early July unti l  the middle of 

November, the operating season of the University of Montana Blue Mountain 

Observatory. This allows for continuing investigation a t  that s i te  of 

any stars determined to be of interest.  An upper l im i t  to apparent 

magnitude was set a t  10?5. Table 1 shows the uneclipsed apparent magni­

tude (m^), the depth in magnitude of both the primary (P r i . )  and 

secondary (Sec.) eclipses, and the orbita l  eccentr ic ity  (e) of several 

candidate stars selected.

A l i te ra tu r e  search was begun with an i n i t i a l  objective of finding 

the published values of eccentr ic ity  of the re la t ive  orbits for each 

candidate star.  Systems with an eccentr ic ity  greater than 0.10 were 

considered to be susceptible to apsidal rotation and were excluded from 

further consideration under the multiple-body hypothesis. I t  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 fac t ,  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 L is t  mentioned above is of a continuous or discontinuous nature, 

i t  next became necessary to assemble a l i s t  of observed times of primary

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



TABLE 1 

CANDIDATE PROGRAM STARS

12

Star P r i . Sec. e Ref.

KO Agi 8?5 1?0 0?1 0.02 1. 2
RY Aqr 9.0 1.3 0.1 0.00 1, 3
BF Aur 8.5 0.7 0.7 1,
44i 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
TW Dra 7.5 2.3 0.1 0.027 1, 4
TX Her 8.0 0.7 0.4 0.00 1, 4

Ori 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 0.2 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

X 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 L is t  of Eclipsing Variables.
2. Ap .J . , Vol. 102, p. 470.
3. A .J . , Vol. 56, No. 1, p. 3.
4. Lick Observatory B u l le t in . 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.
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This task was greatly  simplified through access to the University of 

Pennsylvania's eclipsing variable star card catalog, which is a rather 

complete l i s t  of l i te ra tu r e  references categorized by star name. More 

than 200 journal a r t ic le s  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 l is ts  w i l l  remain 

archived on magnetic tape at the University of Montana where they w il l  

be accessible for future related investigations. Included in the l is ts  

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 l is ts  was accomplished through 

the execution of the FORTRAN computer program code FILCHG (appendix 2).  

The information is written onto a disk f i l e  to f a c i l i t a t e  further data 

handling. Since the code has been designed with fu l l  update capabil i ty ,  

the data f i l e s  need never be considered closed. As more eclipse times 

become available ,  e ither 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 l inear  elements of eq. (1 .1 ) .  The set of values for  

0-C, and thus the shape of the residual curve, w i l l  depend on the choice 

of both a known time of primary eclipse occurrence (T^nown  ̂ the 

assumed eclipse period. The values of the periods used to calculate the 

f i l e s  found in appendix 1 are those recently quoted in the l i te ra tu re .  

Although these values closely f i t  the current observations, i t  is not 

correct to suggest that they are the genuine orbita l  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

I t  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 l ine  0-C= 0.0.  

This step is accomplished by the FORTRAN code AVEPER (appendix 2).  

Admittedly, this method is susceptible to s ta t is t ic a l  biasing due to 

occasional inaccurate data points or intervals of few observations, yet  

defining an "average period" has a de f in i te  advantage in a study which 

is concerned with the entire recorded history of a binary since published 

values usually apply only to limited time spans.

Visual Detectab il i ty

I t  is important to consider whether a hypothetical companion w i l l  

be v isua l ly  detectable, since i f  i t  proves to be theoret ica l ly  possible 

to observe a companion but such an observation has not been made, then 

the v a l id i ty  of the hypothesis w i l l  be in doubt. The following analysis 

is pursued to insure that in any subsequent postulation of unseen com­

panions associated with s te l la r  systems, the hypothetical companions 

would indeed be non-visible.
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In a s ta t is t ic a l  study on the completeness of binary discovery,

W. D. Heintz (1969) adopts the "measure of d i f f ic u l ty "  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 re lat ing the angular separation (/*) of the two component stars 

to the difference in th e ir  apparent visual magnitudes (Am̂ ), i t  was found 

that nearly a l l  are located in a s tr ip  bounded by the straight lines  

0.22Am^ - log/^= 0.47 and 0.99. Heintz assumes that three ranges of the 

discoverabil i ty  index, defined as D = 0.22Am^ - lo g /* ,  are delimited by 

D = 0.5 and 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 c r i te r ia  for non-detectabil ity.

An eclipsing binary pair appears v isua l ly  as one point of l ig h t .

The d e tec tab i l i ty  index (D), as well as in tu i t io n ,  suggests that a dim 

companion would be seen more easily  i f  the brightness of the v is ib le  

point of l ig h t  was reduced to a minimum. Since this occurs at the time 

of primary eclipse, i t  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 d e te c ta b i l i ty  index.

To determine the apparent visual magnitude of the dark companion 

i t  is f i r s t  necessary to find i ts  fractional luminosity (L/L^) in solar

units through the mass-luminosity re la t ion ,

L/Lg = (M/Mg)* (1 .3 )
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where M/M  ̂ is the companions fractional mass, also in solar units, and 

the exponent a is found to vary with mass as seen in Table 2 (A llen).

TABLE 2 

MASS-LUMINOSITY RATIO

log M/M log L/L^ a

-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 i f  i t  were 

located at a standard distance of 10 parsecs and i f  radiation of a l l  

wavelengths was included. This quality  is usually referred to as an 

absolute bolometric magnitude (M^^^).

Mboi = 4.77 -  2.5 log(L/Lg) (1 .4)

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 (M^), i t  is necessary to add 

(eq. 1.5) the appropriate bolometric correction (BC).

%  = "bol + BC (1 .5 )

As explained by T. L. Swihart (1968), "the BC is a measure of the ra t io
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of the total energy radiated by a star to that which i t  radiates in the 

visual region of the spectrum". The apparent visual magnitude (m^) of 

the companion is calculated according to eq. (1 .6 ) ,

niv = Mv + 5 log(r /10 )  (1.6)

which is dependent on the distance ( r )  in parsecs of the system from 

earth. F inal ly ,  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 v is ib le  star,  as measured across the l ine  of sight,  

w il l  give the angular separation in seconds of arc at that time.

/" ( " )  = d(AU)/r(pc) (1 .7)

The magnitude difference and angular separation are then used to calcu­

la te  the index of d iscoverabil i ty .

D = 0.22amy -  lo g P  (1.8)

In application, i t  is easy to determine detec tab i l i ty  of a suggested 

companion by examining i ts  mass and greatest separation from the v is ib le  

component of the system. A study has been made using the FORTRAN code 

DETECT (appendix 2) which incorporates the preceding analysis. The 

results shown in f igure 3 show the curve corresponding to D = 1.0. In the 

region to the r ight  of the curve,D is less than 1 .0 ,  indicating that  

such stars would be v is ib le ,  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 character is t ic  of RZ Cassiopeiae, whose distance is about 90 pc and 

mid-eclipse magnitude is about +7?88.



CHAPTER I I  

PHYSICAL ANALYSIS

General procedure

Once i t  is assumed that one or more unseen companions are causing 

the observed variation in the eclipse period of a binary, i t  then becomes 

desirable to derive the parameters describing the companion(s) and the 

dynamics of the multi-body system.

A method of t r i a l  curve-f i t t ing  was used wherein a set of i n i t i a l  

parameters is assumed and applied to a physical model which describes 

the relationships among a l l  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 l ig h t  travel-t ime 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 f i t s  the actual history of the 

eclipsing binary. The b e s t - f i t t in g  t r i a l  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. I t  seems evident from the double periodic ity  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 f i t  the past observations. Therefore, for  

considerations of spatial displacement, a l l  analysis which follows 

assumes three coplanar point masses; two which represent the companions, 

and the third which represents the tota l  mass of the binary pair located 

at the common barycenter. The simplifying assumption that the binary is 

reduced to a point seems to be ju s t i f ie d  in a f i rs t -o rd e r  calculation,  

since the separation of the binary pair is typ ica l ly  less than 1% of the 

distance to the closest companion. The direction of revolution of a l l  

bodies about the system's center-of-mass is a r b i t r a r i ly  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 c ircu lar .  

The orbita l  motion (f igure 4) of the closest companion (mg) about the 

two-body center-of-mass (COM )̂ causes a simultaneous c ircular motion of 

the binary. The total binary mass (m^) is known from published spectro­

scopic results. Adopting the shorter periodicity exhibited in the 0-C 

curve as the value for  ( in  years), and deducing a value of the

distance ( r j )  of the binary from COM̂  from the amplitude of the 0-C 

curve ( i . e .  r^ = 0-C half-amplitude in days times speed of l ig h t  in 

A.U./day),  then the companion mass (mg) in solar units, and i ts  distance 

(rg) from COM̂  can easily be determined through a simultaneous solution 

of eq. ( 2 .1 ) ,  which is the def in i t ion  of the center of mass, and Kepler's 

Third Law (2 .2 ) .

m^r  ̂ = mgrg (2.1)
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(m̂  + + rg)^ (2.2)

Because the angular ve locity  is constant, the angular displacement ( 0 )

at any time ( t )  may be found by

0  =  2 w i  +  0 ^  ( 2 . 3 )

where 0  ̂ gives the i n i t i a l  longitude.

The motion of the outer companion is determined by a similar t re a t ­

ment. The masses m̂  and m̂  are combined and assumed to be located at  

COM̂ . The values of Pg and r^g ^re again obtained from the 0-C curve 

and are used to determine r^ and m̂  (see f igure 4).

(m̂  + mglr^g = m^r  ̂ (2.4)

(m̂  + Mg + m^iPg^ = (r^2 + r^)^

The epicyclic displacement of the binary produces the expected 

superposition of sinusoidally-varying 0-C values once the factor r e la t ­

ing distance to time delay ( i . e .  the speed of l ig h t )  is applied.

Through a procedure of making t r i a l  f i t s  of the 0-C curve by 

s l ig h t ly  varying the input parameters, a best f i t  was found for the case 

of RZ Cassiopeiae. The inadequacy of the model was immediately apparent. 

Since i t  is based on c ircu la r  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 d e f in i te  skewness. 

Therefore i t  was decided to pursue the problem further by introducing 

e l l i p t i c a l  orbits .
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E l l ip t ic a l  Orbits

The method used to determine the instantaneous position of a body 

which is constrained to an e l l ip t i c a l  o rb it  is outlined in most texts 

on celest ia l  mechanics (e.g. Roy, 1965). I t  is necessary in this analy­

sis to specify the following set of parameters ( f igure 5) which define

the re la t ive  orb it  and the position of the body at a known time:

T = Period of revolution 

a = Semi-major axis 

e = Eccentric ity  

t^= Time of periapse passage

w = Longitude of the periapse

where to is measured with respect to the l ine  of sight and in the direc­

tion of revolution.

The calculations begin by determining the mean angular velocity

n = 2 tt/ T  ( 2 . 6 )

This is used in finding the mean anomaly M which corresponds to a 

specific time t  through the re lat ion

M = n ( t - t  ) (2.7)
Ü

The mean anomaly is inserted into Kepler's Equation,

E = M + e sin E (2.8)

which must be solved through a process of converging i te ra t ion .  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 

e l l ip s e  and the angular displacement f  measured from.the periapse, using 

the standard equations

" = a ( l - e  cos E) (2.9)
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f  = 2 arctan tan (2.10)

The longitude of the periapse is added to re fer  the angular displacement 

to the l in e  of sight,  whence

G = to + f  (2.11)

The focal points of both of the orbital  el l ipses ( f igure 5) are 

located at the two-body center-of-mass. Although the two orbits are pro­

portionate e l l ipses ,  the longitude of each periapse d i f fe rs  by 180° with 

respect to the other.

The companion mass and orbita l  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 part icular time when the bodies are located at  

apastron, th e ir  distances (r^ and rg) from the COM can be related to the 

semi-major axes of the ir  orbits by the following expressions:

r^ = a  ̂ (1 + e) rg = ag (1 + e) (2.12)

Inserting these into eq. (2 .1 ) ,  we obtain..

m̂ a  ̂ = nigag (2.13)

Since the semi-major axis of the re la t ive  o rb it  is the sum of both true

o rb it  semi-major axes, Kepler's Third Law may be expressed here as

(m̂  + mg)P^ =(a^ + ag)^ (2.14)

Solving eq. (2.13) fo r  ag and substituting into eq. (2.14)

(m̂  + mg)P^ = a^^(l + j~ )^  (2.15)

This may be solved fo r  m« which, in turn, may be used in eq. (2.13) to'2

f ind ag.

In the calculational procedure, i t  is easiest to write the quartic  

expression (eq. 2.15) as
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gCm̂ ) = (mg* + m^mg )̂P  ̂ -  a^^(mg + (2.16)

and then to find the value of mg which causes g(mg) to be equal to zero.

By Descartes’ rule of signs, there is ,  at  most, one positive value of mg.

At this point the analysis follows the same general sequence as for  

the c ircu lar  model. The superposition of el l ipses has a greater degree of 

freedom which allows the skewness displayed in the 0-C curve of RZ Cas­

siopeiae to be f i t t e d  more easily.

I t  was decided to choose as the fundamental plane of the three-body

motion that which is defined by the binary i t s e l f .  From spectroscopy

the inc lination of this plane (f igure 6; X, Y) for RZ Cassiopeiae is

known to be about 82° (82?14, Horak, 1951} with respect to the plane of

the sky ( V , Z ' ) .  Observations of l ig h t  travel-t ime effects are due

s t r ic t l y  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 l ine  of sight. According to Chambliss (1976), the value of the total

binary mass of RZ Cassiopeiae is 2.4 solar masses (m̂  = m̂  + mj ,̂ where

m̂ = 1.75MI and m. = 0.61M ).  
a 0 D 0

The best f i t  obtained using an e l l ip t i c a l  o rb it  model is shown as a 

solid curve in f igure 7. The rms deviation from the observations is 

about ±5^15^. The orb ita l  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, th e i r  luminosities are fa in t  enough such that they are not 

visua l ly  detectable at the ir  greatest separation from the central pair  

(see f igure 3).
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TABLE 3

MASSES AND ORBITAL PARAMETERS OF THE HYPOTHETICAL COMPANIONS

Companion M/Ml0 a(A .U .) P(yr) e to 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 f i t  gives encouragement that the presence of 

f a in t  companions can be postulated to explain the historical patterns of 

the 0-C residuals. Upon closer inspection, however, i t  is found that the 

gravitational a ttract ion  between the two companions at some time exceeds 

the a t t rac t iv e  force exerted on either by the binary. Therefore, since 

i t  is incorrect to neglect the companion interaction, the value of this  

model is only in suggesting p la u s ib i l i ty .  A physically r e a l is t ic  con­

figuration of the multi-body system can only be simulated by a model 

which incorporates a l l  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 in te ­

gration of the d i f fe re n t ia l  equations of motion and results in position 

and velocity  information which describes the system at any desired time 

based on some i n i t i a l  configuration.

Reference is made in the following derivation of the equations of 

motion to f igure 8, which shows the coplanar relationship among the 

three bodies. The origin is chosen at the system's center-of-mass.
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The total  force F̂ . acting on each body is the vector sum of the 

individual gravitational forces due to the presence of the other 

bodies,
->

From Newton's Second Law

F. = ZF.. (2.17)

F. = m.t.  = m. ------» (2.18)
 ̂  ̂  ̂ T d t^

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 m̂  and 

m̂ . Equating eqs. (2.17) and (2 .18 ) ,  and resolving into rectangular 

coordinates, we obtain

dfx,
mg 2 “ Fg^cos + FggCOS Og (2.19a)

2
d yg

^2“ ^  = Fg^sin 0  ̂ + FggSin Og (2.19b)

^3 j^2  = Fg^cos Og + FggCOS 0g (2 .19c )

mg j^2 = Fg^sin 0g + FggSin 0g (2.19d)

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

Gm.m. ^ ^
= — /  ""ij = (Z'ZO)

where r.jj  = ((xj-x^. + (y j -y^ )^)^;  r^j = î (X j -x ^ )  + o(yj.-y^)
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Applying this to eqs. (2 .19 ) ,  we obtain

2
d x« Gm. Gm̂
 _ =  ^os  G- + — ^ o s  0« (2.21a)

•'12 '-23

2
d _ Gm- Gm«
 Ô ’  — V  sin 0. + — ^  sin 0« (2.21b)

d t '  ^23

2
d Gm, Gm̂
 9 = -------- 9 cos 0- _  ir cos 0« (2.21c)

^13 ’"23

2
d yg Gm, Gmp
  = _    sin 0 Q _  9- sin 0 « ( 2 . 2 1d)

From the geometry shown in f igure 8

(X9 -X , )  ( y p - y j
cos 0 ,  =  <  ■ - sin 0 ,  =  — y - - -  ( 2 . 2 2 )

1 r ^2  ̂ ^12

(x^-Xp) (yo^yp)
cos 0 9  =  ^  ■ -■- sin 0 9  =  - -

 ̂ T23  ̂ ^22

(x-5-x,  ) (yo“y i )
cos 0 .  = ■ V  -  -  sin ©2 = - r  -

 ̂ ' 1̂3 13

Expressing the fractional masses as follows

mg m<,
1-2 ■ if ’ 3 ■ if '"-“ I

and inserting into eqs. ( 2 . 2 1 ) ,  we obtain
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A
dt 12 23

(2 .24a )

Al so.

d^x.

dt 2 ”

= Gm. 
dt ^

dx,
dt =

dXo

3 ^
0  0  C

3
( ^12 ' 2̂3

[ - ( X 3 -X1 ) y 2 ̂  ̂ 3~^2 ^
1 3 - 3
\  ’’̂ 13 '"23

/ - ( y 3 - y i )  _ ^2^^3”' 2̂̂
3 „ 3\ ""13 ’’̂ 23

"^2 _  ,
dt

^^3 _  ,
dt -

(2.24b)

(2.24c)

(2.24d)

(2.25)

Eqs. (2.24) and (2.25) are the eight equations of motion for masses m̂  

and m̂ . Using the Runga-Kutta method of numerical integration, these 

are solved simultaneously for Xg, y2 » x^, y^, , Vy , and at

each step in time.

The values of x . ,  y , ,  , and V at each step are determined1 i Xi y j

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

0 = m^r  ̂ + #2^2 + m^r  ̂ (2.26)

In rectangular component form

0 = m̂ y  ̂ + m̂ yg + m̂ y^0 = m̂ x  ̂ + #2X2 + ^3X3
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or.

or.

-M p X p  -  m .X g  - m u y .  -  m u y .

= —  W,

X i  =  - Y g X g  -  Y 3 X 3  =  - Y 2 V 2  - V 3  ( 2 . 2 7 )

D if ferent ia t ing  eqs.(2.27) we find the velocity components of mass m̂  to 

be

" . I  - - ' 2 %  - < 3 \

To determine the l ig h t  travel-t ime ef fect  associated with the ec l ip ­

sing pa ir 's  motion, i t  is necessary to project x  ̂ onto the l ine  of sight 

using the sine of the inc l inat ion .  The inclination w i l l  influence the 

companion masses and the sizes of the open orbits (f igure 6) which are 

necessary to f i t  the residual curve. An inclination of 90^ causes the 

plane of motion to coincide with the plane including the l ine of sight. 

This w i l l  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 e ffect  and the masses must increase 

to maintain the same periodic ity .  The result  is that the companion 

interactions become stronger and maintaining s ta b i l i ty  becomes more 

d i f f i c u l t .

A simpli f icat ion of the curve - f i t t in g  is made by defining the pro­

jection of the i n i t i a l  position of the eclipsing binary pair as the 

origin of  a coordinate system (f igure 9) to which the l ig h t  travel-t ime  

e f fe c t  is referred. This results in an i n i t i a l  l ig h t  travel-t ime  

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 

p air 's  position is translated (by subtracting i ts  in i t i a l  COM coordin­

ates) to determine the l ig h t  travel-t ime effect  at each step in time.

I f  the integration is assumed to s ta r t  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 w i l l  coincide i n i t i a l l y .

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 w i l l  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.)3
(yr.)^Mg

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



38

l ig h t  travel-t ime calculations are made most easily i f  the speed of l igh t  

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



CHAPTER I I I

APPLICATION OF MUTUAL-INTERACTION 

MODEL TO RZ CASSIOPEIAE

The eclipsing binary system RZ Cassiopeiae has a non-eelipsed

apparent visual magnitude of +6?38 and a depth of primary eclipse of 

1?5 (Wood, 1950). Therefore a mid-eclipse visual magnitude of +7?88 was 

used as input for the determination of the de tec tab i l i ty  thresholds for  

hypothetical companions.

The distance in parsecs from the earth to the binary was found as 

follows. From the l i te ra tu re  the spectral types of the v is ib le  compon­

ents of the system are known (Chambliss, 1976). The corresponding 

luminosities are found from the Hertzsprung-Russel1 diagram (Novotny, 

1973).

A2V log(L /L^) = +1.2
a O

G5IV log(Lj^/L^) = -0.1

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 ) .

= +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 f i l e  of about 600 Julian Dates of minima was compiled from 

the l i te ra tu re  fo r  RZ Cassiopeiae. About 128 of these were selected as 

being a representative set, since i t  is impractical to repeatedly plot 

the larger number of points during the curve- f i t t ing  sequence and since 

also a maximum number of 150 is allowed by the subroutine HISTRY.

An average eclipse period was determined for the unabridged

f i l e  by an execution of the code AVEPER. The value obtained a f te r  42 

i terat ions was

Pave = 1.19524788 days 

Both the original (RZCAS) and abridged (RZABR) data f i l e s  are included 

in appendix 1. The 0-C residuals of the abridged f i l e  have been calcu­

lated through an execution of the code FILCHG, using the average value 

of the period. Those of the original f i l e  have been calculated using a 

value of the period (P = 1.19525189 days) common to much of the current 

l i t e ra tu r e .  A comparison of the plots for the two f i le s  (appendix 1) 

shows the ef fect  of changing the eclipse period.

The t r i a l  procedure of f i t t i n g  the residual history by a dynamical 

model required many hours of patient execution of the code NTERAC 

(appendix 2).  The se n s i t iv i ty  of the model caused many unproductive 

choices to be made of the i n i t i a l  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 attract ion  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 w i l l  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 t r i a l  method became one of trying to maintain s ta b i l i ty  

in the system while continually improving the f i t  of the model 0-C curve 

to the observations by refining the input.

The orb ita l  parameter input mode was chosen during the i n i t i a l  

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 periodic ity  is exhibited by the curve and therefore two companions 

were assumed. The starting values of orbita l  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 

i n i t i a l  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 i n i t i a l  choice was simplified by referring to f igure 10, which 

exhibits both the horizontal and vert ica l  translations of the 0-C curve 

along the epoch and residual axes, respectively, which occurred when 

the longitudes were varied.

F irs t  consideration in the curve- f i t t ing  procedure was given to the 

case where the inc linat ion was assumed to be 90°, since this case would 

exhib it  the least companion interaction. After 67 t r i a l s ,  a best f i t  

was obtained and is shown in f igure 11. The rms deviation between the 

observed and model residual curves is t  7* 3̂9  ̂ ( i . e .  t  0.00531 day). The 

center-of-mass system rectangular coordinates of position and velocity  

for the three bodies a t  the i n i t i a l  time ( i . e .  ephemeral J.D. = 2442340) 

are given in table 4. Also l is ted  are the masses of the companions
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MODEL # 67: 0-G RESIDUALS
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Fig. n .  0-C curve f i t  by interaction model 67



TABLE 4

COMPANION MASSES AND INITIAL RECTANGULAR PARAMETERS

niy = +7?88 

d = 90 pc

MODEL 67 

i = 90^

MODEL 127 

i = 82914

BINARY
PAIR

INNER
COMPANION

OUTER
COMPANION

BINARY
PAIR

INNER
COMPANION

OUTER
COMPANION

M/Mg 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
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(M/Mg) in solar units. The equivalent orbita l parameters are not pre­

sented because the motion of the companions re la t ive  to the binary 

exhibits continuous variation of the orbita l  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 s ta b i l i ty  of a system, i t  should 

be noted that round-off error becomes s ignif icant a f te r  such a long in te ­

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 inc linat ion of the fundamental plane of the central binary 

pair 's  revolution about each other, and thus i t  has the aesthetic appeal 

of coplanarity which might be attr ibuted to a common origin for a l l  four 

bodies.

After an additional 60 t r i a l s  ( i . e .  model 127), a best f i t  for this  

inclined orientation was found as is shown in figure 12. The resulting  

rms deviation between the curves is i  9* 3̂0̂  ( i . e .  t  0.0066 day). Again 

the companion masses and rectangular position and velocity components 

corresponding to the i n i t i a l  time are l is ted  in table 4. A comparison 

of the two models shows that a change in inclination of only 8° requires 

the companion masses to increase by 10-15% to maintain a f i t  of the 

residual curve and therefore increases the likelihood of strong in te r ­

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. I t  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 fa r  out into space. I t  exceeded the de tec tab i l i ty  threshold 

at about year -382 and remained v is ib le  unti l  about year -534. The 

system then seemed to be well-behaved unti l  about year - I I 8 0  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 o rb it  the eclipsing binary. At the end of one o rb it ,  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 v is ib le  again a t  about year -1334. This rather wild motion 

continued as is seen in the spatial plots.

Although model 127 gave an adequate f i t  to the observed 0-C residual 

curve, i t  is unlikely that such a system could maintain s ta b i l i ty  for a 

time span approaching the age of the main sequence A2 component of the 

eclipsing binary (2 b i l l io n  years maximum). On the other hand, the 

model's behavior suggests that re la t iv e ly  short-lived gravitational en­

counters between stars which are migrating through space can occur and 

result  in the dynamical e f fec t  which is observed in the 0-C residuals.

I f  the investigation is restr ic ted to systems which f i t  the ob­

served behavior yet remain stable over a long period of time, i t  then 

appears that the possible companion masses would be smaller than those 

found in model 127 and that the inclination of the companion orbita l  

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 ve locity  residuals

Additional c r e d ib i l i t y  would be given to a hypothetical companion 

model i f  i t  explained the observed radial velocity residuals while f i t ­

ting the photometric 0-C curve. The binary orbita l  elements are deter­

mined through a t r i a l  procedure of f i t t i n g  the spectroscopic radial 

velocity curves which have been observed over several consecutive revo­

lutions. H is tor ica l ly  these orbita l  elements have been the subject of 

continual revision. I f  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 f i t s  the observed l igh t  

travel- t ime 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 th ird  body orbit ing 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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MODEL * 67: RADIAL VELOCITY RESIDUAL
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observations, is to assemble from the l i te ra tu re  a data f i l e  containing 

radial ve loc it ies  and corresponding times. Assuming a set of binary 

orb ita l  elements, the residuals of the observed radial velocit ies could 

be determined for  each date. These values then could be read into the 

interaction model code NTERAC and displayed on the plot (f igure 13) con­

taining the radial velocity  residuals of the model. The most probable 

model would be one which simultaneously gives a best f i t  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 per iodic it ies  which might be attr ibutab le  to additional unseen 

companions. A good f i t  of the 0-C curve should produce a reduced resid­

ual curve which shows observational scatter or noise which is equally 

distributed about thejabscissa.

Osculating orbital  elements

How fa r  in time a model can be used to represent the interactions 

between bodies is l imited 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 

orbita l  elements ( re f .  Danby, 1962) at specific intervals during the 

dynamic calculations of the code NTERAC. I t  would then be possible to
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execute the model fo r a time period long enough to show patterns of 

variation  in the o rb ita l elements of the companions. A varia tio n -o f-  

parameters technique could then be used to make the large calculational 

steps necessary to reconstruct the motions of the system at a time 

several m illion  or even b il l io n s  of years ago. This method has been 

applied to the o rb it  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. I t  could be reduced by using double precision for a l l  v a r i­

ables used in many steps. Since th is requires more core storage, however, 

i t  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 f i f t h  power of the change in step size.

Although the increased number of steps would increase round-off 

error, the result is s t i l l  a gain in accuracy. To see the e ffect that 

changing the step size has on the resu lts , model 67 was run twice for 

200 years using step sizes of 0.01 year and 0.10 year. I t  was found 

that in th is re la t iv e ly  stable model the two t r ia ls  gave differences in 

position vectors for each body of less than 3 x 10  ̂ A.U. in each year 

and differences in ve loc ity  vectors of less than 1 x 10  ̂ 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 t r i a l  f i t t in g  procedure. When a near f i t  is 

found, the step size may be reduced to obtain the f in a l f i t .



54

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 s t i l l  maintain an acceptable error tolerance. 

This could be done by making a para lle l 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 

i f  the next step should be integrated with the same or an even larger 

step s ize , 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. I t  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. I f  the constraint of coplanarity is removed, the probability of 

a close encounter is decreased. These two additional degrees of freedom 

could be used to f i t  0-C residual curves in systems where otherwise the 

t r i a l  procedure suggests that no stable configuration f i t s  the 0-C re ­

siduals.
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Predictions

A tes t of how well a hypothetical model describes an actual system 

is i ts  a b i l i t y  to make predictions. Figure 11 and 12 show that the 

trend of both models 67 and 127 is that eclipses of RZ Çassiopeiae 

which occur shortly a f te r  the ephemeris Julian date w il l  be observed to 

occur s l ig h t ly  e a r l ie r  than predicted by the linear elements of eq. ( 1 . 1 ), 

Since the ephemeris Julian date ( i . e .  model year = 0) corresponds to la te  

1974, indication of whether e ither 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 w il l  further reveal i ts  behavior. Continual revision of 

the f i t t in g  parameters w il l  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 two red dwarf companion stars.



CHAPTER V 

SUMMARY

The observed time residuals for some eclipsing binary stars may be 

caused by a l ig h t  trave l-tim e e ffe c t produced by unseen companion bodies. 

An object which has su ff ic ien t mass to cause a measurable perturbation 

of i ts  central binary pair may be unseen because i t  is "of low lumin­

o s ity , a fa in t  dwarf, close to and lost in the image of the primary star 

or too fa in t  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

la ted , 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 I I .  The 

general technique applied uses a physical model to generate l ig h t  tra v e l- 

time residuals which f i t  the observations by adjusting the assumed values 

of companion masses and th e ir  i n i t i a l  positions and ve loc ities . Models 

employing c ircu la r or e l l ip t ic a l  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 fo r the mutual in te r ­

action among a l l  bodies in the system results in a three-body problem

56
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which can only be solved numerically. The Runga-Kutta method of in te ­

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 I I I .  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. I f  the companions are considered to be 

main-sequence stars, they would be of spectral type M3-M5.

A hypothesis reveals i ts  v a l id i ty  through its  a b i l i ty  to make cor­

rect predictions. The f i t  of a model to the observed eclipse time 

residuals of RZ Cassiopeiae has been extrapolated into the future  

(f igure  11). A discernible change in the eclipse time residuals and in 

the radial ve loc ity  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 w ill  f a i l  

to include in his publication the accuracy of his results. By noting 

the method of observation, a typical value for i ts  accuracy may be 

assigned through reference to table 5.

TABLE 5 

ACCURACY OF OBSERVATIONS

METHOD ACCURACY
(days)

Visual ±0 . 0 1

Photographic ±0.004
Photovisual ±0 . 0 0 2

Photoelectric ±0 . 0 0 1

Normalizing ±0.0005

In the following plots of the 0-C residuals of eclipsing binaries 

which exhib it 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.

58
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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 f iv e  d ig its  to the l e f t  of the decimal (e.g. 

2442000.1234 w il l  be entered as 42000.1234).
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TCALC = JD 4 1837 .47  10 + E * 2 . 3 63 95 400

HELIOCEMTRIC 0-C
JULIAN DATE + / - RESI DUAL OBSERVER REFERENCE

3 3 3 3 3 .4 1 0 0 0 . 0 1 0 -  0 .037 5 DOMKE^JAHM AM 2 3 1 ( 3 ) , P.
357 13 . 4 170 0 . 0 0 6 - 0 . 0 9 7  I S0AFRANIEC A.A.  7,  P. 188
36073.  55 1 0 0 . 0 0 5 - 0 . 0 9  3 4 SEAFRANIEC / \ .A .  8 , P. 139
3710 7 .  zi 650 0 . 0 0 1 - 0 . 0 6 6 3 GERHART AM 233,  P. 69
33937 .5230 0 . 0 1 0 — 0 «0704 MULLER,KRAUS S ER AM 28 9,  f 4, P.
4043 5 .4076 0 . 0 0 1 - 0 . 0 3 3 7 CALISKAN,IBAM0G IBVS #456
4 1 1 43 .  56 0 0 0 . 0 0 1 - 0 . 0 1 0 9 HOLZL IBVS #64 7
4 13 3 7 . 4 7 1 0 0 . 0 0 1 0 . 0 0 0 0 I BAMOGLU IDVS #9 37
/12245 .  4 793 0 . 0 0 1 0 . 0 1 4 5 GUDUR,ERTUKEL IBVS #1053
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TCALC = JD /-J 1752 .^560  + E *  1. 5332 1700
65

HFLIOCEMTHIC 
JULIAN DATE + / -

0-C
RESIDUAL OBSERVER REFERENCE

2 8 4 9 7 .7 2 2 0 0 . 0 1 0 - 0 . 0 4 1 3 LAUSE AN 6404,  P. 324
28 5 1 3 .5 4 3 0 0 . 0 1 0 -  0 .0524 LAUSE AN 6404,  P. 324
2852 1 .4727 0 .003 - 0 . 0 3 8 3 LAUSE AN 64 04
28 52 1 . 4  850 0 . 0 1 0 - 0 . 0 2 6 5 LAUSE AN 64 04,  P. 324
2 8 5 3 4 .1 2 7 0 0 . 0 1 0 - 0 . 0  503 LAUSE 6404,  P. 324
2 8 5 5 6 .3 0 9 0 0 . 0 1 0 - 0 .0 3 3 3 LAUSE AN 6404,  P. 324
28 7 79 . 54 1 0 0 . 0 1 0 - 0 .0 34 9 LAUSE AN 64 0 4,  P. 324
288 3 3 .3  58 0 0 . 0 1 0 - 0 . 0 4 7 3 LAUSE AN 64 04,  P. 324
28360.  28 50 0 . 0 1 0 - 0 . 0 3 5 0 LAUSE AN 64 04,  P. 324
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2 8 8 8 2 .4 7  10 0 . 0 1 0 — 0 . 0 1 4  0 LAUSE AN 64 04,  P. 324
289 17. 29 50 0 . 0 1 0 - 0 . 0 2 0 3 LAUSE AN 64 04,  P. 324
2 8 9 2 0 .4 4 0 0 0 . 0 1 0 - 0  .0422 LAUSE fiN 6 4 0 4, P. 324
289 2 0 . 4  542 0 . 0 0 4 - 0 . 0 2 8 0 LAUSE 6404
28 9 3 6 .28  9 0 0 . 0 1 0 - 0 . 0 2 5 4 LAUSE AN 6404,  P. 324
2 8 9 5 0 .5 0 90 0 . 0 1 0 - 0 . 0 5 4 3 LAUSE AN 6 404,  P. 324
289 55 .  3250 0 . 0 1 0 0 . 0 1 2 0 LAUSE AN 64 04,  P. 324
2 8 9 6 3 . 236C 0 . 0 1 0 0 .0 06 9 LAUSE AN 6404,  P. 324
2 3 9 6 6 .3 7 3 0 0 . 0 1 0 - 0 . 0  175 LAUSE AN 64 04,  P. 324
2897 4. 2970 0 . 0 1 0 - 0 . 0 1 4 6 LAUSE AN 64 0 4,  P . 32 4
2397 7 .4 2 9  0 0 . 0 1 0 -  0 . 0 4 9  0 LAUSE AM 64 04
29 004.  3 64 0 0 . 0 1 0 - G . 028 7 LAUSE AN 64 0 4
37 3 6 8 .50 60 0 . 0 0 1 - 0 . 0 2 2 1 RUDOLPH AN 2 8 8 , P. 1 63
37 37 6 .4 28  0 0 . 0 0 1 - 0 . 0 1 6 2 RUDOLPH AN 283,  P. 1 63
4 0 56 7 .410 1 0 . 0 0 1 0 . 7 3 3 6 B A T T IS T IN I , BONI IBVS //3 1 7
4 0 6 2 8 . 3  64 5 0 . 0 0  1 - 0 . 0 0 7 4 BATTIST I N I , BONI IBVS ^3 17
409 16. 5 1 07 0 . 0 0 1 — 0 . 0  0 6 7 EA TT IST IN I  ̂DONI IBVS #317
409 3 1 . 5513 0 . 0 0 1 0 . 7 3 49 BATT ISTIN I , BONI IBVS #317
409 39 . 4 67 1 0 . 0 0  1 0 . 7346 BATTIST I N I , BONI IBVS # 8  17
416 6 3 . 5 4 0 6 0 . 0 0 1 - 0 . 0 0 4 9 BATTIST I NI , BONI IBVS #3 17
4 1 6 3 4 .3 7 3 0 0 . 0 0 1 - 0 . 0 0 4 7 EBERSBERGER IBVS #937
4 1 69 1 . 49 7 6 0 . 0 0 1 0 .7 37  1 BATTIST IN I j  BONI ID\^S #317
4 1752 .4560 0 . 0 0 1 0 . 0 0 0 0 EBERSBERGER IBVS #937
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2 8 9 1 3 . 3 3 5 0 0 . 0  10 - 0 . 0 0 0 7 L A U S E /'.M 6 4 0 4
2 3 9 3 5 . 4 7 9 0 0 . 0 1 0 - 0 . 0 2 1 7 L A U S E AM 64  0 4
2 8 9 6 2 . 4 0 5 5 0 - 0 0 5 -  0 . 0 0 9 9 L A U S E AM 64  0 4
2 8 9 7  3 . 4 7  1 0 0 . 0 1 0 -  0 . 0 2 6 9 LATTSE /iM 6 4 0  4
2 8 9 7 3 . 2 7 9 0 0 . 0 1 0 0 . 0 3 1 4 L A U S E AM 6 4 0 4
28  9 8  1 . 4 1 4 0 0 . 0 1 0 0 . 0 0 0 0 L A U S E AM 64  0 4
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CM’̂ .n*:oLnnY or ' ^ 2  i o'jc or iboo

TCALC = JD /n 3 1 9 . /I ̂  /| 0 + C * K. 2 67 3 10^0

69

HrL I OCE'JTP.I C 0-C
JPLIAM DATE + / - DES I DUAL OBSERVED REPERENCE

2 1113 2533 0 . 0 0  1 0 .0 6 0 6 HERTZSPRUM3 BAN 165
2 2 0 9 0 43 63 0‘ . 0 0  1 0 . 0 49 4 HERTZSPRUUG BAN 16=
24 641, 9723 0 . 0 0  1 0 . 0 2 1 1 SHILT AP . J .  64, P.  2 1
246^6 /13 2 2 0 . 0 0 2 0 .0 21 9 UUMCH-KUIPER BAN 165
2 4 696 9723 0 . 0 0  1 - 0  . 0 59 4 SHI LT AP. J.  64,  P. 2 1
2 6 393 4 39 3 0 . 0 0  1 0 .0 13 3 OOSTERHOrr BAN 32 1, P. 12
2 = 67 1 60 6 1 0 . 0 0  1 0 .0 13 9 OOSTERH or r BAN 32 1, P. 12
25733 4 7  1 2 0 . 0 0 1 0.01/19 00 STERH o r r BArJ 32 1, P. 12
2 57 4 4 6 4 0 . 0 0  1 0 . 0 1 2 = OOSTERHOrr BAN 32 1, P. 12
26063 3 6 = 4 0 . 0 0  1 0 . 0  09 9 HurrER P. A. 33,  P. 59 9
26069 3046 0 . 0 0  1 0 .0 1 4 = DYBKA BAN 19 6
2 6364 4 194 0 . 0 0  1 0 .0 0 1 4 K U I per BAN 321
2 '7 = 3 7 503 4 0 . 0 0  1 - 0 . 0 0 1 6 PL HUT BAN 32 1
27143 7 7 4 1 0 . 0  01 - C . 0  06 6 SCHILT AJ 60, P.  3=6
2 7 1 /j 3 7 7 4 1 . 0 0  I - 0 . 0 0 6 6 SHAPLEY HD f907
23 3 1 4 6026 0 . 0 0  1 - 0 . 0  06 5 SCHILT A J 60, P. 3 5 6
233 14 6026 0 . 0 0  1 - 0 . 0 0 6 5 SHAPLEY HB #907
23 63 5 4 3 5 1 0 . 0 0  1 - 0 . 0 1 0 4 PLAUT BAN 32 1
30 1 52 67 52 0 . 0 0  1 - 0 . 0 1 4 0 POPPER /.J 62, P.  3 56
32339 7 3 33 0 . 0 0  1 — 0• 0  0 9 6 EGGEU A J 6 0, P . 356
32 3 69 7 7 7 3 0 . 0 0  1 —0 .0 1 0 4 EGGED) AJ 60, P. 3 57
3 2 3 7 3 79 53 0 . 0 0  1 - 0 . 2  1 0 0 EG G EU AJ 60, P. 3 5 7
32330 '^=3 5 0 . 0 0  1 - 0 . 0 0 9 9 EGGEiJ AJ 60, P.  357
3 4 13 2 6 173 0 . 0 0  1 0 .0 0 3 7 iU'EE AJ 6 0, P . 357
34 1 32 5 134 0 . 0 0 1 0 .004 3 :R'EE AJ 60, P. 3 56
3 4 19 9 4 7  1 <=; 0 . 0 0  1 0 . 0 0 5 4 K'TEE BAN 43 5, P.  134
34459 73 20 0 . 0 0  1 0 .0 0 4  6 PITCH AJ 69, P.  3 16
3 4 4 7 3 = 309 0 . 0 0  1 0. 0063 ■D̂ EE AJ 60, P.  3=6
3 4/(7 3 = 3 1 = 7, . 0 0  1 O' . 007 4 }R'EE BAN 435,  P.  134
34 = 0 1 = 6 1 7 . 0 0  1 0 . 00 59 K'-'EE BAN 43 5, P.  134
3 4 = 01 = 613 0 . 0 0  1 0.006 1 }R'EE AJ 60, P.  357
3 4 = 0 3 7 0 4 7 0 . 0 0  1 0 . 0O'6 5 EIUUEMDIJK AJ 60, P.  3 57
34 = =3 6 0 = 6 0 . 0 0  1 0 . 006 2 ALEXANDER AJ 6 0, P . 3 = 7
34 = 63 5 1 =2 7 . 0 0  1 0 . 0 0 7 7 a LEXh 'JDEE /.J 6 0, P . 3 5 7
3/1 = 3 3 = 14 1 7 . 0 0  1 0 .0 0 3 5 ALEXANDER AJ 60, P. 3=7
3 4 636 72 56 0 . 0 0  1 0 . 0 0 6 3 ALEXANDER AJ 60, P.  35 7
3 4 533 6 009 0 . 0 0  1 0 .006  9 ALEXANDER AJ 60, P. 3 57
34=3 3 60 2 0 0 . 0 0 2 0 .0 0 3  0 ALEXANDER AJ 60, P. 3 56
3 4 =2 5 5 64 6 0 . 0 0  1 0 . 0 0 7 5 ALEXANDER AJ 60, P.  3 57
3 4 = 97 ^056 0 . 0 0 1 0.0 06 1 ALEXANDER AJ 60, P.  3 57
3 4 7 5 0 62^9 0 . 0 0  1 0 .0033 X"EE BAN 43 5, P.  134
347 6 r, 6 2 3 3 0 . 0 0 1 0 . 0 0 9 7 iC'EE /6J 60, P. 3 57
3 4 7  6 4 = 5 4 1 0 .00  1 0 .2 0 3 9 trSEE BAN 43 5, P.  134
347 6 4 = 643 0 . 00 1 0 .209 1 IRTEE AJ 60, P.  3 57
3 4 76 3 = 707 0 . 0 n 1 0 . 0 0 3 4 K'"EE BAN 4 3 5, P. 134
34 76 3 57  1 2 0 . O' 0 1 0 .0 0 3 9 XR'TEE AJ 60, P.  3 57
3 4 7 7  c; = 324 0 . 0 0  1 0 .0070 IR'^EE BAr: 4 3 5, P. 134
3/(346 7^17 0 . 0 0  1 0 . 0 1 0 1 DINNENDIJK AJ 6 0,  P . 357



n_ r 70
A*J + / - ^22 1D9AL ;'.E"ECEr’CE

3 4353 7 3 4 7 0 . 0 0 1 0 . 093 3 ’jnr jE i^D i  j x AJ 6 0 , p .  3 5 7
34393 6 339 9 . 0 0  1 9 .0 0 9 3 Î3I rjrjE"JDIJX / .J 60, P.  3 57
3 4393 639 = 9.991 0 .9 9 9 9 Cl ĵrj^rJDI JX / \J 69, P. 3 56
3 49 3 1 6 7 /13 9 .9 9  1 0 . 0 1 0 4 BIIJMEUDIJX AJ 60, P.  3=7
3 49 1 3 7 2 55 9 .9 9  1 0 . 9 1 1 2 CI'JME^JDIJX AJ 60, P. 3 57
3=̂ 9 3^ 34 = ̂ 9 .901 0 . 0 2 3 6 S7a FCAMIEC A. / i .  10, P. I l l
3 -7/14 3 7 6 5 2 9 .991 9 . 9 4 9 5 ''EHLAC JCASC 5 6 , r .  19 3
3^449 6 ^ 7 7 9.C91 9 .9 49 5 ’7 Erl LAM JCASC = 6 , P. 103
3 7 / 4 7 2 6 3 3 9 9 .091 9 . 9  490 T'EHLAA JCASC 5 6 , P. 103
4356 1 4 27 3 0 .901 - 0 . 9 2 6 3 E ‘ ID E 2 l E ’fc A 530
4 1 133 4 3 6 9 9 . 0 9  1 - 9 . 9 1 7 2 9COEEL I CVS 6 64 7
4 1 33 4 = 323 0 . 0 0  1 - 0 . 0 9  3 3 EUL'IEM ILprS 6937
4 1 39 2 4320 9 .091 0 . 12 5 0 EOCZ, II0L2L lE'fS 69 3 7
/I 143 = 4 156 9,901 - 9 . 0 9 7 9 on dec IC^C 6937
4 14 6 2 4 64 2 9 .0 0  1 - 0 . 9 9 9  3 AX IMCI IBVS 6937
/I 1  ̂3 5 3920 0 . 9 0 1 - 9 . 0 0 6 1 HECX IE3'5 6937
4 1=99 3 140 9 .001 - 0 . 9 1 0 2 c c x lEJrS 6 9 37
4 1 '7 =3 4 9 7 3 9.991 9 . 0 0 3 7 T'OOEL lEJ'S 6 9 3 7
4 1 7 9 3 44 4 0 0 . 0 0 1 - 0.  13 9 3 SCMACOLD^ '̂OOEL ISprS 6937
4 13 19 4649 0 . 0 0 1 0 . 0 0 0 0 '-'ECEC I BPS 69 3 7
4209 = 4 = 40 0.901 - 0 . 1 2 2  1 : 5 c i i e l l e :iam :j ILpfS 61053
A2 12.2 37 1 0 0.901 0 .0 13 9 : OCOBEL,SCXACOL IC^S 61053
4 2 13'^ 4 /10 e 0 . 0 0 1 0 . 0 9 5  1 : EEECSBEC0EC,GC I ECS 6 1053
4 2 2 19 4 4 7 9 9 .901 - 0 . 1 2 = 1 GT’LMEM ISC'S 6 1053
42263 3230 0.091 0 . 0  09 4 GULMErJ I3CS 6 10=3
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CHP.OMOLOGY OF 47 OBSERVAT I OPS OF I BO 02 

TC7‘.LC = JD 41329 . 77 37  + Z * 0 .2 67 3  1000

72

HZLI GCEMTn C , 0-C
JT.TLIAM DATE + / - EES I DUAL OBSERVER REFERENCE

27 563.  409 2 0 . 0 0 2 0 . 0 5 3 6 UUIJCH-PLAUT DAM 32 1
3 3 5 1 2 . 3 4 7 0 0 . 0 0 1 -  0 . 0 6 4 2 PGHL AN 289,  #4,  P.
38 513.  4 170 0 . 0 0  1 “ 0 . 0 6 5 5 PGHL AM 239,  P.
3 3 6 6 3 .3 3 9 0 0 . 0 0 1 - 0 . 0 6 7 1 HELD,FLEISCHER AM 289 ^4, P. 19
3 8 3 3 3 .4 5 5 0 0 . 0 0 1 — 0 . 0 60 4 OGRZ, ENDEES AN 289,  #4,  P.
33 8 3 2 . 4  6 60 0 . 0 0 1 - 0 . 0 5 3  7 GORZ, EMDEES AM 239,  (^4, P.
3 9 9 2 2 .9 2 5 0 0 . 0 0 1 - 0 . 0 4 1 5 BROUN AJ 74,  P. 542
399 4 5 . 4 2 2 2 0 . 0 0 1 -  0 .0403 HINT I IBVS #322
3 9 9 4 3 . 3 6 3 0 0 . 0 0 1 - 0 . 0 4 5 5 BICKEL,NÜRNBERG IBVS #456
399 52 .9 2 1 0 0 . 0 0 1 -  0.  0402 BRO'^N AJ 74,  P.  54 2
3 9 9 5 6 . /1000 0 . 0 0 1 - 0 . 0 4 2 8 GORE, MEIER IBVS #456
3 9 9 5 9 .3 4 9 0 0 . 0 0 1 . -0 . 0397 GORZ, EMDRES IBVS #456
399 59.  43 10 0 . 0 0 1 0 .0 9 2 3 GORZ,ENDRE5 IBVS #456
3 9 9 6 8 . 4  "=.30 0 . 0 0 1 - 0 . 0 4 1 2 BICKEL, MEIER IBVS #456
39977 . 2920 0 . 0 0 1 - 0 . 0 3 9 9 HURUTAC, PGHL IBVS #456
403 1 6 .3460 0 . 0 0 1 - 0 . 0 3 3 4 PGHL,GUDUR IBVS #4 56
4 0 3 1 9 . 2 9 6 9 0 . 0 0 1 -C .0293 PGHL, XURUTAC I B\;S #456
403 2 5 .4^56 0 . 0 0 1 - 0 . 0 2 9 3 DUMITRESCU IBVS #4 19
4033 1 .3460 0 . 0 0 1 - 0 . 0 3 0 7 GUDUR IBVS #4 5 6
4 0 3 3 9 .3 8  16 0 . 0 0 1 - 0  .029 5 DUMITRESCU IBVS #4 19
4 0 3 3 9 .6 4 9 3 0 . 0 0 1 - 0  .0296 RUDNICK IBVS #789
4 0 3 4 6 .616 1 0 . 0 0 1 - 0 . 0 2 5 8 RUDNICK IBVS #789
403 63 . î8 4 0 0 . 0 0 1 — 0 . 0 3 0 0 BAUMDACH,MEIER IBVS #45 6
4 0 3 8 2 .7  6 76 0 . 0 0 2 - 0 . 0 2 3 7 SCARF AJ 7 6 , P.  5 0
/10 3 9 0 . 3 C 2 0 0 . 0 0 1 - 0 . 0 2 8  6 SCARF AJ 76, P. 50
4 0 3 9 2 . 6 3 2 0 0 . 0 0 1 - 0 . 0 2 3 2 RUDNICK IBVS #789
4 0 4 2 0 .7 9  71 0 . 0 0 1 -  0 . 028 2 S CAR F 7 6 , P . 50
4 0 7 0 0 . 3 9 4 3 0 . 0 0 1 - 0 . 0 2 4 6 DUMITRESCU IBVS #503
4 0 7 1 4 . F 8 9 1 0 . 0 0 1 - 0 . 0 2 3 3 RUDNICH IBVS #739
4 0 7 5 3 . 4  231 0 . 0 0 1 - 0 . 0 2 2 2 GULMEN IBVS #530
4 0 7 6 9 .7 6 2 8 0 . 0 0 1 - 0 . 0  189 RUDNICK IBVS #73 9
4073 0 .4 7  10 0 . 0 0 1 - 0 . 0 2 3 1 HOLZL IBVS #53 0
4 98 0 1 .3966 0 . 0 0 1 - 0 . 0 2 2 3 NI EHAU5 IBVS #8  44
403 1 2 . 8  78 7 0 . 0 0 1 - 0 . 0 2 0 4 MI EHAUS IBVS #8  44
4 1 102. 6556 0 . 0 0  1 - 0 . 0 1 4 0 RUDNICK IBVS 27,  #789
4 1 1 10 .9603 0 . 0 0 1 - 0 . 0 1 1 4 SCARF IBVS #8  44
4 1 1 3 1 .8469 0 . 0 0 1 - 0 . 0 1 3 9 NI EHAUS IBVS #3 44
4 1139 .3450 0 . 0 0 1 -  P? . 0 1 /( 5 GULMEN IBVS #647
4 114 1. 48 8 6 0 . 0 0 1 - 0 . 0 1 3 4 ME I ER IBS'S #64 7
/Il 1/ (7.9143 0 . 0 0 1 - 0 . 0 1 5 1 SCARF IBVS #344
4 1 3 9 2 . 4 3 2 0 0 . 0 0 1 -  0 . 0 0 8  0 GORZ IBVS #9 3 7
4 1 7 9 8 . 4 4 4 0 0 . 0 0 1 0 . 0 0 4  1 VOGEL IBVS #937
4 1 8 1 4 . 7 7 4 6 0 . 0 0 1 - 0 . 0 0 1 7 BARLOU IBVS #844
/I 1 8 1 6 . 9 I 9 3 0 . 0 0 1 0 .0005 DARLOU IBVS #344
4 13 18 . 79 4f: 0 . 0 0 1 0 . 0 0 1 1 SCARF IBVS #344
4 18 2 7 .9 02 1 0 . 0 0 1 0 .003 1 BARLOE" I BETS #844
4 1829 .7737 0 . 0 0 1 0 . 0 0 0 0 SCARF IBVS #3 44

19 1 
19 1 
1
19 1 
19 1
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C-iTOMOLOEY OF 19 135 EPURAT! 0:J5 OF D0CA3 74

TCr^LC = JD /i 1 9 6 P . 3310 + E * 0 .65  4 66595

M ^ L InCFMTHIC 0-C
j v l i a :j date + / - ESI DUAL 03SEPVEP

3 39 2 6 . /-I 57 3 0 . 0 0 1 - 0 . 0034 lU^EE BAM 45 5, P. 134
3 3 9 3 1 . 9 3 5 5 0 . 0 0 1 - 0 . 0026 SCPUELLEP AU 2 3 1 ( 1 ) ,  P. 25
3 3 9 3 5 .3 5 7 5 0 . 0 0 1 - 0 .0039 :C” EE EAU 45 5, P. 134
3 4 6 3 6 . A560 0 . 0 0 1 - 0 . 0 03 3 :'U'EE 3AU 43 5, P. 134
3 3 3 7 9 .^ 2 4 2 0 . 0 0  1 - 0 . 0039 ^'lUKLEP /i J 7 1 # 1 , P . 44
3 5 3 3 3 .6 3  13 0 . 0 0 1 - 0 . 0 ‘0 4 3 'UUKLEP AJ 7 1 // 1 , P . 44
35 3 9 9 .3 7 9 0 0 . 0 1 0 - 0 .0044 GPLOUITTS AU 23 9 f 4,  P. 192
3 5 4 14 .4460 0 . 0 1 0 - 0 . 0 0 0 0 OPLO'UUS A:J 239 #4 , P. 192
39 03 1 . 33 60 0 , 0 1 0 0 .00 59 HAEER,B05KURT AU 239 ni \ ,  P. 192
39 07 0 .3  500 0 . 0 1 0 - P .0060 KI5ILIRMAK AU 2 59 ^4, P. 192
39 122 .394 5 0 . 0 1 0 0 .0039 B03KUPT>AKYQL AU 2 3 9 '̂4 P . 192
3 9 9 1 7 .2 5 4 0 0 . 0 0 1 - 0 . 003 5 ElCXEL^JEIER I B'7S 2 7, #456
4005 1 . 4750 0 . 0 0 1 - 0 .0073 IEA'JOOLU,KIZILI IBV3 2 7, #4 56
/.10 I 1 4 . 4 6 5 7 5.001 - G . 0 0 29 K I 5 I L I RM AK I B'^S 27,  #456
/| 0 ^ 1 5 . 4 2 3 0 0 . 0 0 1 - P . P 0 1 5 OUDUR I BUS 27,  #45 6
/I 1 2 G 0 . 3 /J 9 9 0 . 0 0 1 - 0 . 00 19 SEMOOr^CA IBUS 27,  #647
4 19 3 6 . 3 6 6 6 0 . 0 0 1 - 0 . 0 0 1 1 S EZ ER I B';S #937
4 19 6 0 . 3 3 1 0 0 . 0 0 1 0 . G C 0 0 ^mOEL I3';s #937
4 2 4 0 5 . 3 6 2 5 0 . 0 0 1 - 0 . 0 0 1  1 E BER s B ER 0 ER ̂  " T EE IBUS #1053
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CHRONOLOGY OF 6 13 OBSERVAT I OrjS OF RE CAS 76

T C AL C — JD 42 3 39. 7331 + E * 1.19 525139

HELIOCEMTRIC 0-C
JULIAN DATE + / - RES I DUAL OBSERVER REFERENCE

16B86.88 10 0 . 0 1 0 0.0 36 9 EPHEHERIS ODESSA IZVEST.4 , P17
1 7 3 5 5 . /1200 0 . 0 1 0 0 .0372 MULLER,KEMPF VAR.STAR 9 . 2, P. 125
17355.42  3 3 0 . 0 0 1 0 . 0 4 0  5 GRAFF VJS 19 14
1 7 4 1 0 . /i 0 3 0 0 . 0 1 0 0 .0 3 3 6 MIJLAMD AM 4 2 11
17417 .57  3 0 0 . 0 1 0 0 . 0 3 7  1 M U  LAND AM 4 2 11
1742 9 .5260 0 . 0 1 0 0 . 0 3 7 5 MIJLAMD AM 4 2 11
17435 .5020 0 . 0 1 0 0 .0 3 7 3 MI JLAMD AM 4 2 11
17/137.3960 0 . 0 0 4 0 .0 40 3 PARKHURST , J ORDA P.ALLEGHENY 3 . 1 6 , P 1 4
17 44 1 . 43 2 0 0 . 0 1 0 0 .0 4 1 0 MIJLAMD AM 42 11
17/147./! 560 0 . 0 1 0 0.938 8 MIJLAMD VAR.STAR 9 . 2, P. 125
17454.630  0 0 . 0 0 4 0 . 0 4  1 2 PARKHURSTUORDA P.ALLEGHENY 3.1 6 , P 1 /I
17 4 7 9 . 7 3 5 0 0 .0 0 4 0 .0 4 6 0 P ARKH UR ST, J 0 R DA P.ALLEGHENY 3 . 1 6 , P 1 4
1749 1 .6320 0 . 0 1 0 0 . 0 4 0 4 P ARKHURST,JORDA VAR.STAR 9 . 2 , P. 126
17 49 5 . 2 7 3 0 C . 0 1 0 0 .0 4 5 7 MIJLAMD AM 42 11
17 502.  4330 0 . 0 1 0 9 .0 34 2 MIJLAMD AM 4 2 11
1756 4 .5370 0 . 004 0 . 0 3 5  1 PARKHURST,JORDA P.ALLEGHENY 3 . 1 6 , P 1 4
17532.  5 190 0 . 0 1 0 0 .0 3 3  3 MIJLAMD AM 4 2 11
17537 .3030 0 . 0 1 0 0 .0 41 3 MIJLAMD AM 421 1
1 7599 .2 6  10 0 . 0 1 0 0 .0463 MIJLAMD AM 4 2 11
17630 .3300 0 . 0 1 9 0 . 0 3 9 2 MIJLAMD P.ALLEGHENY 3 . 1 6 , P 1 4
1763 0 .3330 0 . 0 1 0 0 . 0 4 2 2 MIJLAMD AM 42 11
17 6 4 9 . 4  49 0 0 . 0 1 0 0 . 0 3 4 2 MIJLAMD ADJ 4 2 11
17667 .3370 0 . 0 1 0 0 .0 4 3 4 GRAFF ’/AR.STAR 9. 2,  P. 125
1763 5.  303 0 0 .0 1 9 9 . 0 3 5 6 MIJLAMD AM 4 2 11
1777 1 . 3770 0 . 1 0 0 . 0 4 6 5 MIJLAMD AM 4 2 11
17 77 2 .5 620 0 . 0 1 0 0 .0 3 6 2 MIJLAMD 7iM 4 2 11
17777 .3 470 0 . 0 1 0 0 .0 4 0 2 MIJLAMD AM 42 11
17 77 3 .5 400 0 . 0 1 0 0 .03 30 MIJLAMD AM 42 11
17 73 3 .3 25  0 0 .0 1 9 0 .042 0 MIJLAMD T̂ AR. STAR 9 . 2, P. 125
17 7 9 1 .6910 0 . 0 1 0 0 .0 4  1 2 PARKHURST,JORDA VAR.STAR 9 . 2, P. 126
1779 1.69 60 0 . 004 0 . 0 / 162 P ARK HURST,JORDA P.ALLEGHENY 3 . 1 6 , P 1 4
17315 .6030 0 . 0 1 0 0 . 0 43 2 MIJLAMD AM 4 2 11
17 83 9 .5 020 0 . 0 1 0 0.0421 GRAFF VAR.STAR 9 . 2, P. 125
1734 0.6970 0 .0 0 4 0 .0 41 9 PARKHURST, JORDA P.ALLEGHENY 3 . 16, P 1 4
17 36 3 .3 990 0 . 0 1 0 0.0341 MIJLAMD BAM 58
17 3 6 4 . 6 0 1 0 0 . 0 1 0 0.0 40 3 YEMDELL VAR.STAR 9 . 2,  P. 126
179 4 2 . 2 9  1 0 0 . 0 1 0 0 .039 5 MIJLAMD BAM 53
13 0 10 .4230 0 . 0 1 0 0 .047 1 MIJLAMD BAM 53
13 02 2.3300 0 . 0 1 0 0 . 0  46 6 MIJLAMD BAM 53
13 03 5 .5 250 0 . 0 1 0 0.0 43 8 YEMDELL VAR.STAR 9 . 2,  P. 126
13 0 4 7 . 4 7  4 0 0 . 0 1 0 0 .0403 MI JLAT'JD BAM 58
1 804 7.4750 0 . 0 1 0 0 .0 4 1 3 MIJLAMD VAR.STAR 9 . 2,  P . 125
13043.  67 10 0 . 0 1 0 0.042 1 MIJLAMD BAM 53
13 0 5 3 . 4 4 7 0 0 . 0 1 0 0 .0370 MIJLAMD BAM 58
1 3 0 9 0 .5 0 6 0 0 . 0 1 0 0 .0432 MIJLAMD BAM 58
13 1 4 5. 4330 0 . 0 1 0 0 .0437 MIJLAMD BAM 53
13 15 7 .4 57 0 0 . 0 1 0 0 .060 1 MIJLAMD BAM 53
18 13 2 .5 36 0 0 . 0 1 0 0 . 0339 MIJLAMD BAr  ̂ 53



77
H E L  I OCEMT!" I C 0 - C
J U L I A N  DATE + / - RES I E'TJAL O R S E R VER

1 3 2 2 4 . 3 7 4 G ^ ' . 0 1  S 0 . 0 4 3 0 N U L  AMD
13 2 3 1 . 5 4 4 e 0 . 0 1 0 0 . 0 4 1 5 Y E M D E L L
1 8 2 4  3 . 4 9  0 G 3 . 0 1 0 0 . 0 3 5 0 N U L  AND
1 3 2 6  1 . 4 2 5 0 0 . 0 1 0 0 . 0 4  1 2 M I J L A M D
1 8 3 3 4 . 3 3 6 0 0 . 0 1 0 0 . 0 4  19 M I J L A M D
13 3 4  6 . 2 9  3 0 0 . 0 1 0 3 . 0 4 6 3 N I J L A M D
13 3 59  . 4 3 9  0 0 . 0 1 0 0 . 0 4 4 6 M I J L A M D
1 3 4 2  1 . 59  1 0 0 . 0 1 0 0 . 0 4 3 5 Y E M D E L L
1 3 5 4 2 . 3 1 2 0 0 . 0 1 0 0 . 0 4 4 0 J E L Y A S H O
1 3 6 0 3 . 2 7 5 0 0 . 0 1 0 0 . 0 4 9 2 K O S I N S K A
1 8 7 2 4 . 5 9 3 0 3 . 0 1 0 - 0 . 5 4 3 5 Y E M D E L L
13 7 3 3 . 5 5 1 0 0 . 0 1 0 0 . 0 4  2 7 G R A F F
13 76  3 . 4 3 4 0 0 . 0 1 0 0 . 0 4 4 4 G R A F F
1 3 7 6 3 .  4 3 6 0 0 . 0 1 0 0 . 3 4 6 4 G R A F F
1 39  2 2 . 4 0 1 0 0 . 0 1 0 0 . 0 4 2 9 E E ' IP  OR AD
1 3 9 4 7 . 5 0  5 0 0 . 0 1 0 3 . 0 4 6 6 E E ’- IPORAD
189  3 3 . 3  63  0 0 . 0 1 0 0 . 0 4 7  1 CEMPORAD
19 03  7 . 3 4 3  0 0 . 0 1 0 0 . 0 4 3 2 DEMPGRAD
1 9 2 6 5 . 4 3 6 0 0 . 3 1 0 0 . 0 4 0 6 B E M P O EA D
19 3 2 6 . 3 9 3 6 0 . 0 0 5 0 . 0 4 5 4 L E H M E E T
1 9 3 2 6 . 3 9 9 0 0 . 0 1 0 0 . 0  4 53 L E H M E R T
1 9 3 2 3 . 7 9 9 0 0 .  0 0 3 3 . 0 5 5 3 JO R D A N
1 9 3 3  1 . 3 7 3 0 3 . 0 1 0 0 . 3 4 3 2 L E H M E R T
19 3 3  1 . 3 7 3  5 0 . 3 0 5 0 . 0 4 3 7 L E H M E R T
19 4 2 4 . 4 0 4 2 0 . 0 0 5 0 . 0 4 0 3 L E H M E R T
19 4 4 2 . 3  3 2 0 3 . 0 0 5 0 . 0 3 9 4 L E H M E R T
1 9 4 9 2 .  5 3  10 0 . 0  10 0 . 0  3 73 Y E M D E L L
1 9 5 3 4 . 3 6 7 0 0 . 0 1 0 0 . 0 4 0 0 P A D O V A
19 6 6 3 . 4 5 3 0 0 . 0 1 0 0 . 0 3 3 3 M A G G I M I
19 6 7  5 .  4 0 4  0 0 . 0 1 0 0 . 0 3 7 2 L E H M E R T
19 6 7  5 . 4 0 6 0 0 . 0 1 0 0 . 0 3 9 2 L E H M E R T
19 6 3  1 . 3 7 7 0 0 . 0 1 0 0 . 0 3 4 0 G R A F F
19 6 3  3 .  76  5 0 0 . 0 1 0 0 . 0 3  15 J O R D / iN
1 9 6 3 7 . 3 5 7 0 0 . 0 1 0 0 . 0 3 7 7 L E H M E R T
19 6 3 7  . 3 6  1 0 3 . 0 1 0 0 . 0 4 1 7 L A Z E A P I  MO
1 9 7 2 5 . 6 0 1 0 0 . 0 1 0 0 . 0 3 3 7 ' ' E M D E L L
1 9 7 3 6 . 3 6 0 1 0 . 0 1 0 0 . 0 3 5 5 G R A F F
1 9 7 7 3 . 4  1 0 0 0 . 0 1 0 0 . 0 3 2 6 G R A F F
1 9 7 7 3 . 4 1 2 0 0 . 0 1 0 0 . 0 3 4 6 G R A F F
1 9 7 7 3 .  1 3 3 0 0 . 0 1 0 0 . 0 2 9 6 G R A F F
19 7 9 7 . 3 2 2 0 0 . 0  10 0 . 0 3 9  5 G R A F F
1 93  2 2 . 4 1 3 3 0 . 0 1 0 0 . 0 3 6 1 L E H M E R T
1 9 9 5  1 . 5 0 2 0 0 . 0 1 0 0 .  0 3 2  1 PA D O V A
2 0 0  1 3 . 4  1 1 0 0 . 0 1 0 0 . 0 0 7 0 H O F F M E I S T E R
2 0 0  1 3 . 4 3 3 2 0 . 0 1 0 0 . 0 3 4 2 L E H M E R T
2 0 0  13 . 4 3 9 0 0 . 0 0 3 0 . 0 3 4 9 H O F F M E I S T E R
2 0 0 3 6 . 3 6 3 1 0 . 0 1 0 0 . 0 3 5 3 L E H M E R T
2 0 0 3 3 . 7 5 2 0 0 . 0 0 3 0 . 0 2 3  7 J O R D A N
2 0 0 4 2 . 3 4 6 0 3 . 0 1 0 0 . 0 3  6 9 H O F F M E I S T E R
2 0 0 5 4 . 3 0 0 0 0 . 0 1 0 0 . 0 3 8 4 H O F F M E I S T E R
2 0 0 6 6 . 2 5 1 0 0 . 0 1 0 0 . 0 3 6 9 H O F F M E I S T E R
2 0 2 7 6 . 6 1 0 0 0 . 0 1 0 0 . 0 3  15 DUGAN

I:/ r i  53
STAR  

'JAM 53  
JAM 53  
JAM 53  
JAM 53  
JAM 53
V A J . G T A J  9 . 2 ,  
M A H .S T A R  9 . 2 ,  
V A R . S T A R  9 . 2 ,  
U A R . S T A R  9 . 2 ,  
r . A L L E G H E i r f  3 
V A R . S T A R  9 . 2 ,  
P . A L L E G H E M Y  3 
P .  A L L E G H E N Y  3 
P . A L L E G H E M Y  3 
P . A L L E G H E N Y  3 
% R .  STAR 9 . 2 ,  
V A R . S T A R  9 . 2 ,  
AM /I 59 6 
P . A L L E G H E M Y  3 
P . A L L E G H E N Y  3 
P . A L L E G H E N Y  3 
AM 4 59 6 
AM 4 59 6 
fCl  4 59  6 
V A R . S T A R  9 . 2 ,  
Vf\R, STAR  
V A R . S T A R  
V A R . S T A R  9 . 2 ,  
P . A L L E G H E M Y  3 
V A R . S T A R  9 . 2 ,  
\^AR. STAR 9 . 2 ,  
P . A L L E G H E N Y  3 
V A R . S T A R  9 . 2 ,  
V A R .  STAR. 9 . 2 ,  
F . A L L E G H E N Y  3 
V A R . S T A R  9 . 2 ,  
P . A L L E G H E N Y  3 
P . A L L E G H E N Y  3 
P . A L L E G H E N Y  3 
AM 4 73 6 
V A R . S T A R  9 . 2 ,  
V A R . STAR  
AS I 4 78  6 
AM 4 7 2  3 
AM 4 78  6 
P . A L L E GHEM 
AN 4 7 2  3 
AM 4 7 2  3 
AN 4 7  2 3 
V A R . S T A R  9

9 . 2 ,  P .  1 2 6

2 ,
2 ,

9 . 2 ,

P .  1 2 6  
P .  1 2 6  
P .  1 2 6  
P .  1 2 6  

. 1 6 ,  P 1 4 
P .  1 2 5  

. 1 6 ,  P 1 4 

. 1 6 ,  P 1 4 

. 1 6 , P 14 

. 1 6 , ? 1 4 
P .  1 2 6  
P .  1 2 6

. 1 6 ,  P 1 4 

. 1 6 , P 1 3 

. 1 6 , P 14

P .  1 2 6  
P .  1 2 6  
P .  1 2 6  
P .  1 2 6  

. 1 6 , P 1 4 
P . 1 2 6
P .  1 2 6  

. 1 6 ,  P 1 4 
P .  1 2 6  
P .  1 2 6  

. 1 6 ,  P 1 4 
P .  1 2 6  

. 1 6 ,  P 1 4  

. 1 6 ,  P 1 4 

. 1 6 , P 1 4

P .  1 2 6  
P .  1 2 6

3 . 1 6 , P 1 3

2 ,  P .  1 2 6



H K L l  OCErjTRI C 0-C 78
JT^LIAn DATE + / - 2 E S I DUAL observer REPEREMCE

20 5 57 . /i9 50 0 . 0 1 0 0 .0 3 2 3 DUG AN VAR. STAR 9 . 2  ̂ P. 126
2 09/49 . 5 33 0 0 . 0 1 0 0 . 0 3 2 7 DUG AM VAR. STAiR 9 . 2 , P. 126
22/4 12. 5303 0 . 0 1 0 0 . 0 3 7 2 DUG AM VAR . STAiR 9 . 2 > P. 126
23 100 .9950 0 . 0 1 0 0 . 0 3 6 3 DUG AM VAR . STAR 9 . 2 , P. 126
2 3 4 3 5 .6 6 37 0 . 0 1 0 0 .0 3 9  5 DUG AM VAR . STAR 9 . 2 , P. 126
235 19 .3390 0 . 0 1 0 0 . 0 4 2 2 ODESSA IZ VEST .4  P . 17
2 3 8 0 3 .5 9 9 7 0 . 0 1 0 0 . 0 5  19 DUG AM VAR. STAR 9 . 2 , P. 126
2 4 8 0 5 .4 33 0 0 . 0 1 0 0.  045 1 ODESSA IZVEST .4  P . 17
25 104. 2 43 0 0 . 0 1 0 0 .0 4 7 2 ODES SA I Z v e s t .4 P. 17
2633 6 .3 6 4 0 0 . 0 1 0 0 . 0 4 2 6 : RUGEMER A. A. (E) 2, P. 96
2 63 9 3. 5340 0 . 0 1 0 0 . 0 4  1 1 RUGEMER A. A. CB) 2, P. 96
2 6 3 9 9 . 5  110 0 . 0 1 0 0 . 0 4 1 3 RUGEMER A. A. (E) 2, P. 96
2 6 9 0 5 .4 38 4 0 . 0 1 0 0 . 0 4 3 0 SKOBERLA A. A. (3 )  2 , P . 96
2 6 9 0 7 .8 73 4 0 . 0 0  1 0 . 0 4 2 5 RUGEMER Pi.. A . C B) 2, P . 96
269 1 1 .4640 0 . 0 1 0 0 . 0 4 2 3 : RUGEMER A. A. ( B) 2 , P . 96
2 6 9 2 9 . 3940 0 . 0 1 0 C .0435 RUGEMER /1. A • CE) 2, P . 96
2 6 9 3 0 .5 90 0 0 . 0 1 0 0 . 0 4 4  3 RUG EMER A . A . ( B) 2 , P . 96
26 93 3 .9  553 0 . 0 0 1 0 . 0  428 RUGEMER A. . CE) 2 , P. 96
2 69 4 7 .32 03 0 . 0 1 0 0 . 0 4 1 0 SKOBERLA A. /-I. CB) 2, P. 96
2 69 4 3 . 5 1 6 0 0 . 0 1 0 0 .0 4 1 5 RUGEMER A. A. CB) 2, P. 96
269 54.  4920 0 . 0 1 0 0 .0 4 1 2 MERGEMTALER, ' J AR A. A. CD) 2, P. 96
269 54.  49 50 0 . 0 1 0 0 . 0 4 4 2 RUGEMER . A . CE) 2 , P. 96
2 69 6 0 . 4  69 0 0 . 0 1 0 0 . 0 4 2 0 RUGEMER A . A . CB) 2, P . 96
2 69 6 6 .447  0 0 . 0 1 0 0 . 0 4 3 7 RUGEMER A. A. CE) 2 , P. 96
26 97 0 .0 311 0 . 0 0 1 0 . 0 4 2 0 RUGEMER A. A . CE) 2 , P. 96
269 7 2 .4 19  0 0 . 0 1 0 0 . 0 3 9 5 : RUGEMER A. A. C 3)  2, P. 96
2 69 7 2 . 4 2 1 0 0 . 0 1 0 0.0/114 : RUGEMER A.. A . CE) 2 , P . 96
2 6 9 3 5 .5 6 6 0 0 . 0 1 0 0 .0 3 8 7 RUGEMER /i • A . C B) 2, P. 96
2 6 9 3 5 .5 6 3 0 0 . 0 1 0 0.0/107 RUG EM ER A. A. CE) 2 , P. 96
2 7 0 4 0 .5 4 9 0 0 . 0 1 0 0.  040 1 HIMPEL Ai. A . C B) 2, P. 96
27 119.433 0 0 . 0 1 0 0.0/125 ELLSVORTH A . A . CE) 2 , P. 96
2 7 1 5 6 .4 9 0 5 0 . 0 1 0 0 . 0 /122 SKOBERLA A . A . CB) 2> P. 96
27 33 3 .  33 50 0 . 0 1 0 0 . 0394 ELLSVORTH A • A . CE) 2, P. 96
2 7 3 4 5 .3 3 6 0 0 .0 0 4 0 .0 3 7 9 KORDYLE^-^SKI A . Ai. CE) 2, P . 96
27 40 6 .2 961 0 . 0 1 0 0.0 40 1 GADOMSKI A. A. C B) 2, P. 96
2 7 6 0 3 .5 0 7 0 0 . 0 1 0 0 . 0345 ELLS '̂^ORTH Ai. A. CE) 2, P. 96
277 19 .45  10 0 . 0 1 0 0 .0 3 9  0 ELLSVORTH Pi. Ai . C B) 2, P . 96
278 11 . 43 12 0 . 0 1 0 0.03/13 HELLERICH A. A. C B) 2, P . 96
2 7 3 7 2 . 4  370 0 . 0 1 0 0 .0 3 2 8 SEAPRAMI EC A . A . CB) 2, P . 96
2 7 3 7 2 .4 3 9 2 0 . 0 1 0 0 .0 3 5 0 ELLSVORTH A. A. C B) 2, P. 96
27 3 7 2 . 4 4  00 0 . 0 1 0 0 . 0 3 5 3 SZAPRAMIEC Ai. A . CE) 2 > P. 96
27 37 8 . 4 2 1 1 0 . 0 1 0 0 . 0406 SZAPRAMI EC Ai. Ai. CD) 2, P. 96
23 16 5 .23  17 0 . 0 0  1 0 . 0 4  03 SZAPRAMI EC A . A . CE) 2 , P. 96
23 37 4.  4 48 0 0 . 0 1 0 0 . 0 3 8 0 MAK O^'IECKA Ai. A . CB) 2, P. 9 6
23 4 6 6 . 4 3  7 5 0 . 0 06 0 . 643 1 TECZA A .  A . CE) 2 , P. 94
2 3 4 6 6 .4 3 7 7 0 . 0 0 1 0 . 0 4 3  3 TECZA Ai. Ai. CE) 2 , P. 96
23 48 4.  4 1 10 0 . 0 0/1 0 . 0378 TECZA A .  A . CE) 2 , P. 94
23 43 4 . 4  145 0 . 0 0 1 0 . 0 4 1 3 TECZA A .  A . CE) 2, P. 9 6
2 3 5 1 4 . 2 3 3 0 0 . 0 0 5 0 . 0335 TECZA A . A . C B) 2, P. 9 4
23 55 1 . 3457 0 . 0 0  1 0 . 0 3 3 4 TECZA A. A. CE) 2, P. 96
2 3 5 5 1 . 3 4 8 2 0 . 0 0 3 0 .0 40 9 TECZA A. A. CD) 2 > P . 9 4
28 57 6 .43  62 0 . f^03 0 .0 28  6 TECZA A. A. CE) 2, P. 94



79H^LI OCE^JTP.I c 
JT^LIAM DATE + /  -

0-C 
EES I DUAL 0D5EEVEP REFERENCE

2 3 6 0 6 .3 2 5 0 0 . 0 0 3 8 . 036 1 TECZA {■\ • / i . C B) 2 , P. 94
236 13 . 2 7 3 0 0 . 8 0 5 0 . 0 3 6 6 TEMCHA UAR . STÂ R ' 9 . 2 ,  P.
23 64 3 . 3 7 4 0 . 0 0 2 0 .0 32 7 TECZA f  \ • A . CD) 2 , P. 94
2 3 6 6 2 .5 0 0 0 0 . 0 0 5 0 .0 343 TECZA A. A. CD) 2 , P. 94
23 663.  47 40 0 . 0 0 3 0 . 0 3 2 0 TECZA A .  A . CB) 2 , P. 94
28 77 7 . 2429 0 . 0 0 5 0 .0 3 3 0 TEUCHA VAR, STAR 9 . 2 ,  P.
2 3 7 3 4 .4 1 2 0 0 . 0 0 6 0 . 0 3 0 6 TECZA A .  A . CD) 2 , P. 94
23 3 3 3 .1 9 9  0 8 . 0 0 1 0 . 0 3  13 TECZA Ai. A . CB) 2 , P. 96
2 3 3 3 9 .3 9 4 5 0 . 0 0 3 0 . 0 3 1 5 TECZA /i. . A . C 3) 2 , P . 94
2 3 3 7 5 .2 5 4 6 0 . 003 0 .0 3 4 0 TECZA A . A . CB) 2 , P. 9 4
29 878.  4475 0 .006 0.  034 1 TECZA / i . A . CD) 2 , P. 94
29 1 45 .  3345 0 . 0 0 3 0 .0 3 7 0 TECZA A .  A . CB) 2 , P. 94
29 163. 3 137 0 . 006 0 . 0 3 7 4 ; TECZA A . A . CB) 2 , P. 94
29 17 8 . 43 63 0 . 0 0 5 0 . 0 39  0 TECZA A. A. CD) 2 , P. 94
2926 1 .3286 0 . 0 0 2 0 .0 3 3 7 TECZA A. A. CD) 2 , P. 94
2 9 3 7 5 .6 9  02 0 . 0 0 1 0 .0433 HUFFED,KOPAL APJ 1 14, P . 297
'3 8 0 23 . 63 1 2 0.081 8 . 0 4 2 6 HUFFED,HOPAL /iPJ 1 14, P . 29 7
3 0 265 .3409 0 . 8 1 0 0 . 0424 '-'ALTER A. A. CB) 2 , P. 9 6
3 0 3 2 2 .7 1 2 5 8 . 0 0  1 0 . 0 4  19 HUFFER,KOPAL APJ 1 1 4, P . 297
3 8 6 3 3 .2 5 9 0 0 . 0 1 0 0 . 0 4  19 PAGACZEUSKI A. A. CB) 2 , P. 97
30 32 9 .4 9  13 0 . 0 1 8 0 . 0 3 4 4 MERGENTALEE A . A . CB) 2 , P. 9 7
3 03 2 9 .4 9  21 0 . 0 1 0 0 .0 3 4 7 BANACHI E'U CZ A . f  \ ■CD) 2 , P. 97
3 0 3 6 8 .5 6 4 3 0 . 0 1 0 0 .0 3 0 3 BANACHI EUI CZ A . A . CD) 2 , P. 97
3 0 3 6 6 . 5 4  3 3 0 . 0 1 0 0 .033  1 BANACHIEUICZ A .  A . CB) 2 , P. 97
3 09 4 0 . 6  49 3 0 . 0 1 0 0 .0 3 4 0 BANACHI I CZ A .  A . CB) 2 , P. 97
309 53.  5774 0 . 0 1 0 0.0 32 3 BANACHIEUICZ A .  A . CB) 2 , P. 97
3203 5 . 7011 0 . 0 0 1 0 .0 3 4 0 HUFFER,KOPAL APJ 1 14, P . 29 7
32 1 1 5 . 53 2 7 0 . 0 0 1 0 . 0 3 4 3 HUFFER,KOPAL APJ 1 14, P . 29 7
32 152.6358 0 . 0 0 1 0 . 0 3 4 6 HUFFER,KOPAL APJ I 14, P . 297
3 2 2 9 3 . 4608 0 . 0 1 8 0 . 038 0 PAG ACZE'-'SKI A . A . CD) 2 , P. 97
3 2 3 6 5 .3 9 7 0 0 . 0 1 8 0 . 0409 : PAGACZEUSKI A . A . C B) 2 , P . 97
3 2 4 4 5 . 4 7 5 5 0 . 0 1 8 8 .0 3 7 6 NAZUR A . A . CD) 2 , P. 97
32 4 5 2 . 6  4 60 8 . 0 0 1 0 . 0 3 6 5 HUFFER,KOPAL APJ 1 14, P . 297
3 2 4 6 9 . 3 3 7 0 0 .0 0 7 0 . 0440 SZAFRANIEC A . A . C B) 2 , P. 9 1
3 2 4 7 5 .3 6 3 0 0 . 0 1 0 0 . 0438 : PAGACZE'-'SKI A . A . CB) 2 , P.  97
32562 .  6 1 30 0 .0 1 3 0 , 0 4 0 4 : SZAFRANIEC A .  A . CB) 2 , P. 9 1
3 26 1 6 . 409 8 0 . 0 1 0 0 .0 5 0 0 : SZAFRANIEC A * A . C B) 2 , P. 9 1
3264 1 . 50 10 0 .0 8 5 0 . 0 4 1 7 SZAFRANIEC . A . CB) 2 , P. 9 1
3 2 6 7 3 . 5 4 9 0 0 . 8 03 0 . 0  3 69 SZAFRANIEC A .  A . CD) 2 , P. 9 1
32684 .  53 1C 0 . 005 0 . 8 4 2  7 SZAFRANIEC A . A i . CB) 2 , P. 9 1
3 2 7 6 3 . / I  190 0 . 0 1 0 0 . 0 4 0 JASKO M  . A . C B) 2 , P .  97
3 277 0 .5 3  24 0 .0 0 6 0 .035 9 SZAFRANIEC A .  A . CB) 2 , P .  9 1
3273 1. 3330 0 . 0 1 0 0 .0 3 4 3 SZCZEPANOUSKA A .  A . CB) 2 , P. 97
3 279 4 . 43 9 0 0 .0 0 3 0 .0 3 7 5 SZCZEPANOUSKA A .  A . CB) 2 , P. 92
3 279 4 . 4 3  9 3 0 . 0 0 1 0 .0 3 3 3 .PI OTRÔ '^SKI A . A i . CD) 2 , P. 97
3 2 7 9 4 . 4 9 0 0 0 . 0 0 5 0 .0 3 3  5 SZAFRANIEC A .  Ai. CD) 2 , P. 9 1
3 2 3 0 6 . 4 3 3 0  
3 2 3 0 6 .4 41  1

0 . 0 1 0
0 . 0 0 1

0 .8 3 4 0  
0 . 0 3 7  1

POCHER 
PIOTROUSKI

AN 2 79 
A. A. C 3) 2 , P . 97

3 2 8 2 0 . 7 3 5 3 0 . 0 0 1 0 .0 3 8 3 HUFFER,KOPAL APJ 1 14, P . 297
3 2 362 .  6 139 0 . 0 0 1 0 .0 3 8 0 HUFFER,KOPAL APJ I 14, P . 297
3 2 3 6 2 . 6 2 5 2 0 . 0 0 4 0 . 0443 SZAFRANIEC A . A . C E) 2 , P. 9 1
3 2 3 6 8 . 5 9 5 5 0 . 0 0 4 0 .0 3 3 4 SZAFRANIEC A .  Ai. CD) 2 , P . 9 1



HELIOCEMTRIC 0-C
JULIAM DATE + / - RES I DUAL

32368 5990 0 .0 1 0 0 .0 41 9
32399 6768 0 .0 0 3 0. 043 1
3294 1 5086 0 .0 0 5 0 . 0 4  1 I
32946 23 7 0 0 .0 1 0 0 . 0 3 8 5
32996 49 2 6 0 . 007 0 .0 4 3  5
330C2 4637 P. 003 0 .0 33  4
33002 4642 ,0 .005 0 . 0339
33026 37 1 6 0 . 0 0 6 G.04  1 2
33027 5676 0 . 0 0 5 0 .0 4 2 0
33^39 5 173 0 . G 0 3 0 .0 3 9 7
33 153 4565 0.001 0 .4 2  9 4
33 155 450 1 0 .0 0 5 0 .0 3 2 5
33 155 4550 0 .0 1 0 0 .0 3 7 4
33 155 4600 ■0.0 07 0 .0 4 2 4
33 157 3472 0 . 0 0  1 0 .0 39  1
33 1 69 3005 0 . 0 0 1 0 .0 39 9
3 3 13 5 3393 0 .0 01 0 . 0 4 0 4
3 3 13 5 3398 0 . 003 0 .0 40 9
33 13 5 3400 0 .0 1 0 0 .041  1
33 135 3437 0 .005 0 . 0 4 4 3
33 19 1 3 130 0 . 0  10 0 .0 37 9
33 197 29-0 0 0 . 0 1 0 0 .0 3 8  6
332 1 0 4373 0 . 0 01 0 .0336
3 3 2 3 4 3367 0 . 007 G . 0325
33242 7 10 1 0 .001 C. 039 1
33307 2540 0 . 0 1 0 0. 039 4
33332 3560 0 .0 1 0 0 .041  1
3 3 3 3 2 3 5 60 0 . 005 0 .041  1
33399 2935 0 . 0 0 6 0 . 0 4 5
3 3 4 12 4330 0 . G 0 5 0 .0 4 1 3
3 3 4 18 4 12 1 0 .0 01 0.  0 39 1
3 3 4 18 4 14 0 0 .0 1 0 0 .0 4 1 0
3 3 4 3 0 3 68 0 0 .0 1 0 0 . 0  42 5
33455 4 6 60 0 .0 1 0 0 . 0 4 0 2
3 3 4 5 5 4680 0 . 0 1 G 0 . 0 42 2
335 16 42 1 0 0 . 0  1 0 0 . 0 3 7 3
33 57 1 4 8 .'4 7 G . 007 G. 039 5
3 3 596 5038 0 . 0 0 7 0 .0383
33596 0 .0 1 0 0 .0 41 1
33675 3896 0 .0 07 0 . 0 3 7 5
337 1 2 4 4 1 0 0 . 0 1 0 0 .0 3 6 0
337 12 4 4 /i 0 0 . 0 1 0 0 .0390
3 3 7 18 42 3 0 0 .0 1 0 0 . 0 4  18
3373 1 5670 0 . 0 1 0 0 . 0 3 3 0
3373 1 •̂ 7 40 0 .0 1 0 0 . 0 4 5 0
33737 54 10 0 . 0 1 0 0 .0 3 5 7
3 3 7 3 7 54 3 0 0 . 0 1 0 0 .0 3 7 3
33737 5470 0 . 0 1 0 0 . 0 4  17
33383 3640 0 . 0 1 0 G . 0330
33389 3420 0 . 0 1 0 0 .0 3 9 3
3 4 0 0 5 28 10 0 . 0 1 0 0 .0 3 9  3
34079 3340 0 . 0 0  1 0 .0 3 6 7

80
ob s e r ve r

SZ AFEAIJI EC 
SZ AFRArJI EC 
SZCZEPANOVSKA 
AHNERT
SZCZEPAMOVSKA 
SZAFRA>JI EC 
SZCZEPAMO'.^SKA 
SZCZEPPiMOVSKA 
SZAPRAMI EC 
SZAFRAMIEC 
PI OTRO'^SKI 
SZAFRAMIEC 
SZCZEPAMO^'SKA 
SZCZEPAMQVSKA 
HT7FFER> KOPAL 
HUFFER,KOPAL 
PIOTROUSKI 
SZPc RAMI EC 
SZ CZEPAMCSKA 
SZ CZEPAMOUSKA 
POHL 
POHL
PIOTROUSKI 
SZAFRAMIEC 
HUFFER,KOPAL 
POHL
SZAFRAMIEC 
SZ/iFRAMI EC 
SZ AFR/Sji EC 
SZAFRAMIEC 
PI OTRO^'SKI 
SZAFRAMIEC 
POHL
SZAFRAMIEC 
POHL 
EG RM
PI OTRO''SKI , STRZ
PI OTRO'^SKI , STRZ
SZAFRAMIEC
PI OTRCSKI
POHL
DOMKE
POHL
SOFROMI JÊ '"I C
BO RM
POHL
EEHM
DOMKE
DOMKE
DOMKE
POHL
POHL

REFEREMCE

A. A

APJ
APJ

CB) 2, P. 97
(B) 2, P . 9 1
CB) 2, P. 92
CB) 2, P. 97
CB) 2, P. 92
C B) 2, P. 9 1
C B) 2, P. 92
C D) 2, P. 92
CD) 2 , P. 9 1
CB) 2, P . 9 1
C B) 2, P. 97
C B) 2 , P . 9 1
CB) 2, P. 97
CE) 2, P. 92
1 14, P . 29 7
1 14, P . 297
C B) 2 , P. 97
CB) 2 , P . 9 1
CB) 2 , P. 97
CB) 2, P . 92

AM 2 79 
AM 2 79 
A . A .  C B)  
A . A .  C E ) 
A P J  1 1 4 ,  
AM 2 79 
/ l  . A . C B ) 
A . A ,  C D)
A • A • ( B ) 
/ i .  A .  ( B )
A . A . C B )
A . A . ( B ) 
AM 279 
P: . A . C B ) 
AM 2 79

2,
2 ,

P

2 , 
2 , 
2 , 
2 ,

A . 
P .

9 7 
9 1

29 7

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

97 
9 1 
9 1 
9 1
9 7 
97

97

/iM 28 1 C 3) P. 11 4
\ ÂR . STAR 1 6 . 1, P . 40
''AR . STAR 1 6 # 1 .f P. 40
A. A . C B) 2 , P.. 97
VAR . STAR 1 6 . 1, P. 40
A)1 28 1C 3 ) J P. 1 1 4
AM 23 1 C3) J P. 1 14
fiM 28 1C 3) J P. 11 4
AM 28 1C 3) J P. 1 14
AM 28 1C 3 ) J P. 11 4
/iM 2 8 1 C 3) J P. 1 1 4
AM 23 1C 3 ) J P. I 14
AM 28 1C 3 ) J P. 11 4
AM 23 1C 3) J P . 11 4
AM 2 3 1 C 3) J P . 1 1 4
AM 28 1C 3) J P. 1 1 4
AM 28 2  ̂ P « 235
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3 / 109  1 .  3 3 9  0 0 . 0 0 1 0 . 0 3 9 2 BOPOJ AM 2 3  2 , P . 2 3 5
3/1 10/1.  /13 10 0 . 0 0  1 0 . 0 3 3 4 BORM AM 2 8 2 , P . 2 3 5
3 4  1 3 5 .  5 5 3 0 0 . 0 0 1 0 . 0 3 3 9 P OH L AM 2 8  2 , P . 2 3 5
3 4 2 6 9 . 4 2 5 0 0 . 0 0 1 0 . 0 3 2 7 BORH AM 2 3  2 , P . 2 3 5
3 4 3 4 9 .  5 1 3 0 0 . 0 0 7 0 .  0 3 8 3 L E N O U V E L ^  D A G U I L V A R . S T A R  16 . 1 , P . 4 1
3 4  3 9 1 . 3 4 6 0 0 . 0 0 1 0 . 0 3 8 0 P OH L /UM 2 8  2 , P . 2 3 5
3 / 1 / 1 1 6 . 4 4 6 3 0 . 0 0 7 0 . 0 3 3 0 L E N O U V E L ^ D A G U I L V A R . S T A R 16 . 1 , P . 4 1
3 4 4 4 0 . 3  5 3  0 0 . 0 0 3 0 . 0 3 9 6 U n O B L E U S K I UR AM I  / i SUP . 1, P . 3 5
3 4 4 4 0 . 3  58  0 0 . 0 0 1 0 . 0  4 4  6 DOMKE AM 2 8  2 , P . 2 3 5
3 4 4 4 6 . 3 2 5 0 0 . 0 0 1 0 . 0 3 5 / 1 BORM AM 23  2 , P . 2 3 5
3 4 4 5 2 . 3 0 7 0 0 . 0 0  1 0 . 0 4  11 POHL AM 2 8  2 , P . 2 3 5
3 4 4 5 3 . 2 8 2 0 0 . 0 0 2 0 . 0 3 9  9 U R 0 B L E U 5 K I U R A M I A S U P . 1 , P . 3 5
3 4 4 7 1 . 4 2  5 0 0 . 0 0 3 0 . 0 3 5 1 O T L M M O US KI URA MI  A SUP . 1, P . 3 5
3 4 5 7 5 . 4 1 5 2 0 . 0 0 2 0 . 0 3 8 4 u n O D L E ^ ' S K I U R A M I A SUP . 1, P . 3 6
3 4 58  1 . 3 8  3 0 0 . 0 0 3 0 . 0 3  4 9 ' • m O B L E U S K I U R A M I A S U P . 1, P . 3 5
3 4 5 3 7 . 3 6 0 0 0 . 0 0 4 0 . 0 3 0 7 UROBLE^'^SKI URAMI  A S U P . 1, P . 3 5
3 4 6 3 0 . 3 9 4 0 0 . 0 0 1 0 . 0 3 5 6 POHL AM 23  2 , p . 2 3 5
3 4 6 3 6 . 3 7 9 0 0 . 0 0 1 0 . 0 4 4 3 POHL AM 28  2 , p . 2 3  5
3 4 7 0 3 . 3 0 3 5 0 . 0 0 7 0 . 0 3 4 7 L E N O U V E L ^  D A G U I L V A R . S T A R  16 . 1 , P . 4 2
3 4 7  1 5 .  2 5 9 0 0 . 0 0 3 0 . 0 3 7 7 ^' :ROBLE' ' 'SKI URAMI  A SUP . 1 , P . 3 5
3 4 3  5 6 . 2 9 1 0 0 . 0 0  4 0 . 0 3 0 0 UROBLE^-^SKI U R A M I A SUP . 1 , P . 3 5
3 4 9 1 3 . 4 5  0 0 0 . 0 0 2 0 . 0 3 5 9 ^' :ROBLEUSKI U R A M I A SUP . 1, P . 3 5
3 4 9 6  1 . 4 7 7 0 0 . 0 0 4 0 . 0 3 3 8 ■̂'RO B L E U  S K I U R A M I A S U P . 1, P . 3 5
3 4 9  6 1 . 4 7 8 0 0 . 0 0 2 0 . 0 3 4 8 U R O B L E U S K I URA MI  A SUP . 1 , P . 3 6
3 49  7 9 .  4 09  0 0 . 0 0 6 0 . 0 3 7 0 U R 0 B L E U S K I U R A M I A SUP . 1, P . 3 5
3 4 9 9  1 . 3 5 9  0 0 . 0 0 3 0 . 0 3 4 5 : : R O B L E ' ' S K I U R A M I A S U P . 1 , P . 3 5
3 4 9 9 1 . 3 6 0 0 0 . 0 0 4 0 . 0 3 5 5 J O D L O U S K I U R A M I A S U P . 1, P . 35
3 4 9 9  1 . 3 6 2 0 0 . 0 0 3 0 . 0 3 7 5 S Z C Z E P K O U S K I U R A M I A S U P . 1, P . 3 5
3 4 9 9  1 . 3 6 3 0 0 . 0 0 3 0 . 0 3 8 5 MARKS U R A M I A SUP . 1 , P . 3 5
3 4 9 9 7 . 3 3 4 0 0 . 0 0 4 0 . 0 3 3 3 S Z C Z E P K O ’'^SKI U R A M I A S U P . 1, P . 3 5
3 4 9 9  7 . 3 3  5 0 0 . 0 0 3 0 . 0 3 4 3 MARKS U R A M I A SUP . 1 , P . 3 5
3 4 9 9 7 . 3 3 6 0 0 . 0 0 3 0 . 0 3 5 3 VROBLE^- 'SKI  ,  OZ DZ U R A M I A SUP . 1 , P . 3 5
3 5 0 0 9  . 2 9  1 0 0 . 0 0 5 0 . 0 3 7 7 ^ ' R O B L E U S K I U R A M I A SUP . 1 , P . 3 5
3 5 0  1 0 . 4 3  10 0 . 0 0 4 0 . 0 3 2 5 J O D L O U S K I U R A M I A S U P . 1, P . 3 5
3 5 0 4 0 . 3  6 3  0 0 .  0 0 3 0 . 0 3 3 2 J O D L O ^ ' S K I U R A M I A SUP . 1 , P . 3 5
3 5 1 3 3 . 3 8  0 0 0 . 0 0 3 0 . 0 3 9  5 ' -UROBLEUSKI U R A M I A S U P . 1, P . 3 5
3 5 1 5 5 .  1 0 3 3 ■ 0 . 0 0 2 0 . 0 3 4 3 J O D L O U S K I URAM I A SUP . 1 , P . 3 6
3 5  1 6 3 .  2 5 3 0 0 . 0 0 4 0 . 0 3 1 2 ' - ' R O B L E U S K I URAM I A S U P . 1, P . 3 5
3 5 13 1 . 4 0 1 0 0 .  0 0 4 0 . 0 3 1 5 ^■'ROBLEUSKI U R A M I A S U P . 1, P . 3 5
3 5  1 9 9 . 3 3  16 0 . 0 0 1 0 . 0 3 3 3 ' . ' ROBL E US KI U R A M I A SUP . 1 , P . 3 6
3 5 2 2 4 . /13 4 0 0 . 0 0 3 0 . 0 3 5 4 ' ■mOBLEUSKI U R A M I  A S U P . 1, P . 3 5
3 5 2 4 2 . 3 5 A 0 0 . 0 0 / 1 0 . 0  2 8  6 U R O B L E U S K I URAMI  A SUP . 1, P . 3 5
3 5 2 4 2 . 3 6  19 0 . 0 0 2 0 . 0 3 4 5 MARKS U R A M I A SUP . 1, P . 3 6
3 5 2 4 3 . 3 3 5 0 0 . 0 0 3 0 . 0 3 1 4 U R O B L E U S K I U R A N I A SUP . 1, P . 3 5
3 5 3 3 4 . 3 9 6 0 0 . 0 0 3 0 . 0 3 4 2 J O D L O U S K I U R A M I A S U P . 1, P . 3 5
3 5 3 4 6 . 3  4 7 0 0 . 0 0 3 0 . 0 3 2 7 U R O B L E U S K I U R A M I A S U P . 1, P . 3 5
3 5 3 4 6 .  3 5  10 0 . 0 0 4 0 . 0 3 6 7 J O D L O U S K I U R A M I A S U P . 1 , P . 3 5
3 5 3 5 3 . 3 0 3 0 0 . 0 0 5 0 . 0 3 6 2 U R O B L E U S K I U R A M I A SUP . 1, P . 3 6
3 5 3  5 3 . 3 0  5 0 0 . 0 0 3 0 . 0 3 8 2 M A R K S , J O D L O U S K I U R A N I A S U P . 1 , P . 3 6
3 5 3 7 0 . 2 4 6 0 0 .  0 0 6 0 . 0 2 6 7 U R O B L E U S K I URAM I  A S U P . 1, P . 3 6
3 5 3 7 6 . 2 3 1 0 0 . 0 0 4 0 . 0 3 5 4 U R O B L E U S K I URAM I  A S U P . 1, P . 3 6
3 5 3 8 3 . 3 9 7 0 0 .  0 0 3 0 . 0 2 9 9 ' • 'R OB L E U S K I U R A M I A S U P . 1, P . 3 6
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3 5 3 83 .3989 0 . 0 0 2 0 . 0 3  18 ^TROBLEUSKI URANIA SUP. 1, P. 36
35^0 1 . 326C 0 . 0 0 4 0 . 0 3 0  1 MARKS URANIA SUP. 1, P. 36
3 5 0 1 . 3 3 1 0 0 .0 04 0 . 0 3 5  1 MASLA.KI E\U CZ URANIA SUP. 1, P. 36
35/40 1 . 3350 0 . 003 0 .039 1 UROBLE'-TSKI URANIA SUP. 1, P. 36
35/4 1 3. 2780 0 .0 0 4 0 .0 2 9  6 ■̂Û .OBLEVSKI URAN I A SUP. 1, P. 36
35/4 1 3 . 28 1 0 0 . 004 0 . 0 3 2 6 MARKS URANIA SUP. 1, P. 36
3 5 /4 3 2 . 402/1 0 . 0 01 0 . 0 3 0 0 LEMOUUEL,EROGLI AST. ITAL. 30,  P. 20
3 5 5 3 6 .3 8 6 0 0 .0 01 0 . 0 2 6 7 0UE5TER AN 23 5, p. 161
3 5 5 5 4 .3  190 0 .0 0 1 0 .0 30 9 CUESTER AN 2 3 5, p. 1 6 1
3 5 5 6 0 .2 970 0 . 0 0  1 0 . 0 3 2 6 QUESTER AN 23 5, p . 16 1
3 5 5 9 2 .5 6 3 0 0 . 0 0 2 0 .0 3  13 SZAFRANIEC A. . 7 , p. 139
3562 2 .4 4 7 0 0 . 0 0 3 0.  029 5 SZ AFR/\NI EC A. A . 7 , p. 139
3 5 7 2 6 . /1320 0 . 0 0 6 0 .0 2 7 6 ; SZAFRANIEC A . A. 7 , p . 139
35 77 5 .4 393 0.00-1 0 . 0 3 0  1 LEMOUREL,BROGLI AS T . I T AL . 30, P . 20
3 5 8 4 8 .3 5 2 0 0 . 0 0 2 0 .0 31 9 SZAFRANIEC A.A.  3, p. 139
353 60.  3090 0 . 0 0 2 0 .0 3  64 SZAFRANIEC A.A.  8, p. 139
3 5 3 7 9 .4 2 7 0 0 .001 0.  030/1 RUDOLPH AN 23 5, p. 1 61
3 5 9 0 4 .5 2 6 0 0 . 0 0 2 0 . 0 29  1 SZAFRANIEC / i . / i .  3, p. 1 39
359 0 9 . 3 1 4 0 0 . 0 0 2 0.  036 1 SZAFRANIEC . A. S , p . 19 0
3593 4 .4 0 9 7 0 . 0 0 .1 0 . 0 3 1 5 SZAFRANIEC f\ • C\ • 3 , p . 190
3593 4 .4 097 0 .0 01 0 .0 3 1 5 RUDOLPH AN 28 5, p. 1 6 1
3 5 9 5 3 .5 2 9 0 0 .0 0 1 0 .0 26 7 RUDOLPH,QUESTER AN .23 5, p. 161
359 59.  50 70 0 .0 0 1 0 .0 2 8  5 DORR AN 28 5, p. 161
3 5 9 8 3 .4  160 0 . 0 01 0 .3 3 2 4 DORR AN 23 5, p . 161
3 6 0 2 3 . /I 545 0 .0 0 3 - 0 .  567 6 : SZAFRAMIEC A . A . 8, p. 190
3 6 0 26 .4 4 0 0 0 .0 01 0 .0274 RUDOLPH AN 23 5, p. 1 6 1
3 6 0 2 6 .4 4 4 0 0 . 0 0 2 0.331/1 SZAFRANIEC h . A. 8 , p. 199
3607 5 .4 4 9 0 0 .0 0 1 3 .0311 RUDOLPH AN 235, p. 161
3 6 1 0 6 .5 2 4 0 0 .001 0 .0 2 9  5 DORR AN 23 5, p. 161
36166 . 23 3 0 0 .0 01 0 . 0 2  59 BRAUNE AN 2 3 5, p . 161
36 173.459 0 0 .001 0 . 9 3 0 4 ERAUNE AN 23 5, p . 1 6 1
3 6 2 8 8 . 4 4 3 0 0 .0 01 0 .2 7 0 2 RUDOLPH AN 23 6, p . 2 10
3 63 03 .  52 1 0 0 .001 0 .9 23 9 ERAUNE AN 28 6, p . 2 1C
3 6 3 6 9 . 4 8 0 0 0 .031 0 .030  1 RUDOLPH AN 23 6, p. 2 1 0
3 64 5 4 . 3  3 60 0 . 0 0 5 0 .0 2 3 2 SZELI G IEUICZ,MA A. A. 17 . 1 , P. 60
3 6 4 5 4 . 3  42 0 0 . 0 0 4 0 .3 2 9 2 MARSZ ALEIC, FL I N A. . 17 . 1 , P. 60
364 6 0 . 3 0 9 0 0 . 0 0 6 0 . 3 2 0 0 SZELIGIEUICZ A.A.  17 . 1,. p.  60
36/160.3130 0 . 004 0 . 0 2  4 0 PANKO"'^ A. A. 17 . 1, P. 60
3 6 7 1 2 . 5 2 0 0 0 . 0 01 0 .0 32 3 RUDOLPH AN 23 6, p . 2 1 0
368 1 6 . 4 9 7 5 0 .0 01 0 . 0 2 3 4 SURKOVA IBVS 2 7 , ^50 1
3 6 3 2 3 .6 6 6 3 0 . 307 0 . 0 2 3 7 ENGELKEMEIR VAR.STAR 16 • 1 , P . 43
3 6 8 8 4 . 6 2 3 6 3 . 007 0 . 020 1 ENGELKEMEIR VAR.STAR 16 . 1, P. 48
3699 3. 39 50 0 . 0 0 1 0 . 0 2 3 6 MEN DE AN 28 3, P . 1 63
3 7 0 0 0 . 5 6 5 0 0 .0 01 0 .0 2 2  1 MENDE AN 283, P. 1 63
3 7 0 0 6 . 5 3 9 0 0 .001 0 . 0 193 MEN DE AN 283, p. 163
3 7 0 1 7 . 2 9 2 0 0 . 0 0  1 0 .0 1 5 6 M EN DE AN 238, P . 1 63
3 7 0 1 8 . 4 9 0 0 0 .0 01 0 . 0 1 8 3 BRAUNE AN 28 3, P . 1 68
3 7 0 2 4 . 4 6  60 0 . 0 0 1 0. 0181 BRAUNE AN 23 3, P . 1 63
3 7 0 4 8 . 3 7 5 0 0 .0 0 1 0 . 0 2 2 0 MENDE AN 233, P. 168
37 079 . 4500 0 . 0 0  1 0 . 0 2 0 5 MENDE AN 23 3, P . 168
371/13.9886 0 . 0 0 5 0 . 0 1 5 5 UI SCHNE'-^SKI 3AV RUND 2 2 ( 3 / 4 ) , P24
3714 6 . 3 8 2 0 0 . 0 0 2 0 . 0  184 SZAFRANIEC• A . A. 13 . 1
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3 7 2 0 2 .5 5 3 0 0 . 0 0 1 0 . 0  125 RUDOLPH AM 233,  P. 1 63
37227 .  655 1 0 . 007 0 . 0  143 EU8 ELKEHEIR VAR.STAR 16 . 1 , P.
3 7 2 4 6 .7 7 3 6 0 . 037 0 . 0  138 RUI E VAR.STAR 16 . 1, P.
37263 .  5 1 26 0 .0 0 7 0 .0 1 4 3 RUI E VAR.STAR 16 . 1 , P.
373 11 .3250 0 . 0 0 1 0 .0 1 6 6 MEUDE AM 283,  P. 1 63
373 12 .5  13 0 0 . 0 0 1 0 .0 1 4 3 M EW DE AM 288,  P. 163
373 17 .3020 0 .301 0 . 0  173 MEM DE AM 28 3,  P. 1 63
373 17 .3030 0 . 0 0 1 0 .3 1 8 3 POHL AM 233,  P. 69
3 7 4 0 3 .3 6 2 0 0 . 0 0 1 0 . 0  192 MEMDE AAJ 283,  P. 163
37 52 6 .4  645 0 . 009 0 .0 10 8 S2P0R,ClEMMOLOM /"i.Ai. 17. 1, P . 60
3 7 5 2 6 .4 7 0 5 0 . 806 0 . 0168 SZELIGIFO'^ CZj  Cl i-i.A. 17 .1 , P. 60
37 5 33.  4260 0 . 0 0 1 0 . 0  197 FERMAMDES AM 23 3,  P. 168
37 5 4 4 .4 0 6 0 0 . 0 0 1 0 .023  5 FERMAMDES AM 23 3,  P. 1 68
37 5 4 5 .5 9  9 0 0 . 0 0 1 3 .0 2 1 2 FERMAMDES AM 233,  P. 1 63
37 5 5 0 .3 7 2 0 0 . 0 0 1 0 . 0  132 JUMGELUTH AM 288,  P. 1 63
37556.  35 10 0 .0 0 5 0 .3 16 0 SLO^'IH A. A. 17 .1 , P. 60
3 7 5 5 6 .3 5 4 5 0 . 0 0 5 0 .0 1 9 5 LUDO' ̂ I ECHA, CZER A.A.  17 .1, P. 6 0
37 5 6 2 .3  37 0 0 . 0 0 1 0 .0 2 5 7 FERMAMDES AM 2 3 3,  P. 1 68
3 7 5 6 3 .5 2 3 0 0 .301 0 . 0 2  14 FERMAMDES /iM 23 3, P. 1 68
3 7 569.  50 1 0 0 . 0 0 1 3 . 0 1 8 2 FERMAMDES /iM 28 8 , P . 1 69
37 570 .  69 09 0 .0 0 7 0 .0 12 8 RUIZ VAR.STAR 16 . 1, P.
37574 . 2-300 0 . 0 0 1 0 . 0  162 FERMAMDES AM 288,  P. 1 69
3 7 5 7 5 .4 7 1 0 0 . 0 0 1 0.01  19 FERMAMDES AM 233,  P. 169
3 7 5 3 2 .6 4 3 6 G. 007 0 .0 1 3 3 RUIZ VAR.STAR 16 . 1 , P.
3 7 5 3 2 .6 5  10 0 . 0 0 1 0 .0 2 0 4 FERMAMDES AM 288,  P. 1 69
37537 .43 1 0 0 . 0 0 1 0 . 0  194 MEMDES AM 233,  P. 1 69
3 7 5 3 3 . 6 2 0 4 0 . 007 0 . 0  136 EMGELKEMEIR VAR.STAR 16 . 1 , P .
3 7 6 2 3 . 2 3 3 0 0 .031 0 .0 18 9 MEMDES AM 288,  P. 1 69
3 7 6 2 4 . 4  3 30 0 . 0 0 1 0.0186 MEMDES AM 28 8 , P. 1 69
376 4 2 . 4 0 2 0 0 . 0 0 1 3 .0 33 3 HO FF MAM AM 2 3 3,  P . 169
3 7 6 4 3 .3 8  3 0 0 . 0 0 1 0 .0 1 3 6 HQFFMAM AM 23 3,  P. 1 69
3 7 6 6 0 . 3  4 20 0 . 0 0 1 3 .3 2 0 3 H o f f : I  AM AM 2 33,  P. 1 69
3 7 6 6 1 .5 3 0 8 0 .0 0 7 0 . 0  136 VAM GEMDEREM VAR.STAR 16 . 1 , P.
37 667 .5 1 00 0 . 0 0 1 0 . 3  165 HQFFMAM AM 28 3,  P. 1 69
3 7 69 7 . 33 50 0 . 0 0 1 0 . 3  102 : FERMAMDES AM 28 3,  P. 1 69
3774 6 . 39 60 . 0 G  1 0 .3 15 9 FERMAMDES /iM 283,  P. 1 69
3 7 7 7 7 .4 6 3 0 0 . 0 0 1 0 . 0 1  Ul FERMAMDES AM 23 3,  P. 1 69
3 7 7 3 3 . 4 5 3 0 0 . 0 0 1 0 . 0 2 0 1 SCHUBERT AM 23 8 , P . 1 69
3 7 3 8 1 . 4 5 8 0 0 . 0 0 1 0 . 0  145 HOFFMAM AM 23 3, P. 1 69
3 7 8 8 7 . 4 3 0 0 0 . 007 0 . 0 1 0 2 SZELIGIEUICZ A.A.  17 .1 , P. 60
3 7 3 3 7 . 4 4 4 0 0 .0 08 0 . 0 2 4 2 FLIM A.A.  17 .1 , P . 60
3 7 8 9 9 . 3 3 3 0 0 . 008 3 . 0  137 SZELIGIERU CZ A.A.  17. 1, P . 60
3 7 8 9 9 . 3 8 5 0 3 .0 03 0 .0 1 2 7 SLOUIK A. A. 17. 1, P . 6 0
3 7 8 9 9 . 3 9 4 0 0  .  0  0 4 0 . 0 2 1 7 FLIM,CZERLUMCZA A. A. 17 .1 , P . 60
3 7 9 0 5 . 3 5 8 0 0 . 0 0 2 8 .3 3 9 4 SLOUIK A.A.  17. 1, P. 60
3 7 9 0 5 . 3 6 3 0 0 . 0 0 5 0 .3 144 SZPOR, SZELIGIE'J A . A .  17 .1 , ?  . 60
3 7 9 1 1 . 3 3 6 0 0 . 005 0 .3 1 1 2 SZPOR /'i-.A. 17 .1 , P  . 60
3 7 9 1 1 . 3 4  60 0 . 0 0 1 3.021 1 SCHUBERT AM 288,  P. 169
3 7 9 1 2 . 5 3 3 4  
379 17.31 10

0 .0 31  
0 . 0 03

3 . 3  133 
0 .0099

SURKOVA
SZPOR

IBVS jy 50 1 
A .  A .  1 7 . 1 , P . 60

3 7 9 1 7 . 3 1 6 0 6 . 0 0 1 0.31/19 MEMDES AM 23 3, P. 1 69

49
4 9
4 9

5 0

5 0

5  1

5  1



+  / -

0 - C
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OBSEPU^Un

27903.
37 9 2 / 1 .  
379 42 .  
379 54 .  
37954.  
3 7 9 6 0.  
3 79 60.  
37973.  
3 3 0 0 3.  
33003.  
3302 1 . 
3302 1 . 
33022.  
33 022.  
33052.  
33039.  
33242.  
33 243.  
33 243.  
3 3 236 .  
33 28 7.  
33293.  
33299.  
33304.  
333 10. 
3 3 3 11. 
33 315.  
33402.
38 4 15. 
33499.  
335 11. 
335 11. 
33 59 1 . 
33 64 0.  
33652.  
33652.  
33670.  
33670.  
33676.  
33 69 1 . 
33696.  
337 14.
38 74 5.  
33329.  
333 42.  
339 34.  
33977 . 
33 977.  
33977 .
39 003 .  
3902 5 .  
3 9 03 2 .

2 3 3 0 
4 3  7 0 
4 1 9 0  
3 6 3 0  
3 7 2 0  
3 3 7 0
3 4 6 0  
4 3  3 0 
3 7 3 0
3 7 9  0 
2 9  6 0  
3 0 3 0  
49  4 5 
4 9  3 0 
37  3 0
4 2 3 0 
4 1 9 0  
3 9 9 0
4 0 3 0 
6 4 3 5  
8 4  16  
5 9 8 7  
79 3 2 
5 7 2 7
5 5 4 9  
7 4 2 3  
3 2 6 0  
5 7 7 9  
7 2 6 6  
4 0 3  0 
3 5 0 0  
3 5 6 0  
4 /13 0 
4 3 39  
3 8 6 0  
3 3 9 0
3 1 5 0  
3 2 0 0  
29  1 5 
3 2 7 9  
6 0 9 3  
5 3 8 5
6 1 5 3  
28  13 
4 2 9 0
4 6 7  0
4 8  9 0
4 9  1 5 
4 9 3 0  
5 6 3 8  
3 0 0 8  
4 7  3 0

c . 0 0 2 O'. G 1 0 6 S ZP OR
0 . 0 0 1 G . 0  1 4 4 R I  EM AM! J
0 . 0 0  1 0 . 0  1 7 6 MEMDE
0 . 0 0 3 0 . 0 0 9  1 S Z P O R
0 . 0 0  1 0 . 0  18 1 R I  E:'l PiMM
0 . 0 0 3 0 . 0 0  63 S Z P O R
0 . 0 0  1 G . 0 1 5 8 MEMDE
c . 0 0 1 0 . 0 1 0 1 S C H U B E R T
0 . 0 0  1 0 . 0 1 3 3 O R L O V I U S
G . 0 0  1 0 . 0 1 9 3 F ERMAMDES
0 . 0 0 1 0 . 0  03  0 O R L O V I U S
0 . 0 0  1 0 . 0 1 5 0 SC H U B ER T
0 . 0 0  1 0 . 0  1 1 2 JA M S E M
0 . 0 0  1 0 . 0  1 4 7 S C H U B ER T
0 . 0 0 1 G . 0 0 3 4 S C H U B E R T ,  GROBA:
0 . 0 0  1 0 . 0  1 0 6 J A M S E M
0 . GO 1 0 . 0 0 9  4 JA M S E M
r, . 0 0 7 0 . 0  13 1 LUEO' ' U ECKA
(7 . 0 0 4 0 . 0 1 7 1 SLO' .M K
0 . 0  0 7 0 . 0 0 9  6 ST OKES
0 . 0  9 7 0 . 0 1 2 4 S T O KE S
0 . 0 0 7 0 . 0 1 2 2 S TO KE S
0 . 0 0 7 0 . 0 1  15 R U I Z
0 . 0 0 7 0 . 0 1 0 0 R U I  Z
0 . 0 0 7 0 . 0 1 5 9 S TO KE S
0 . 0 0 7 G . 0 0 3 1 R U I  Z
0 . 0 0 1 9 . 0 0 6 0 O R L O V I U S
0 . 0  0 7 0 . G 9 4 5 S T OK E S
3 . 0 0 7 0 . 0 0 5 4 STOKES
0 . 0 1 0 0 . 0 1.42 V ^ O L L ST E I M
0 . 0  10 0 . 0 0 3 7 ' ^ O L L S T E I  M
0 . 0 1 0 0 . 0 1 4 7 SCIU'.^EMKE
0 . 0 9 5 0 . 0 1 9 8 E L I  M
0 . 0 0  1 0 . 0 0 5 4 MAK
0 . O'G 1 0 . 0 0 5 0 KRAUS S E P ,  JOB G El
c . 0  10 0 . 0 0  3 0 O R L O V I U S
0 . 0 0  1 0 . 0 0 5 2 : POHL
0 . 0 0 7 0 . 0 1 0 2 SAMOJLO
0 . 0 0  1 0 . 9 0 5 4 S UR K O V A
0 . 0 0  1 0 . 0 0 3 6 B U R K E , R O L L A M D
0 . 0 0  1 0 . 0 0 / 1 0 B U R K E , R O L L A M D
0 . 0 0  1 0 . 0 0 4 4 B U R K E , R O L L A M D
0 . 0 0  1 0 . 0 0 4 6 B U R K E , R O L L A M D
0 . 0 0  1 0 . 0 0 3 5 K R I 5 T E M S 0 M
0 . 0  0 2 0 . 9 0 2 9 S Z A F R A M I E C
0 . 0 0 2 0 . 0 0 6 5 S Z A F R A M I E C
0 . 0 03 - 0 . 0 0 0 5 TRUSKOETSKI
0 . 0 3 3 0 . 0 0 2 0 M I K U L S K X , KREHO
0 . 0 0 3 0 . 0 0 3 5 S / \ M O J L O ,  BAR S K I
0 . 0 0  1 0 . 0 9 2 7 B U R K E , R O L L A M D
0 . 0 0  1 0 . 0 0 1 2 M I M T I , JOM
0 . 0 0  1 0 . 0 0  19 M I M T I , JOM

REFER EMC rr

A . A .  17 . 1, P .  6 0
/iM 2 3 3 , P . 1 69
AM 2 3 8 , P . 169
A . A .  17 . 1 , P . 6 0
AM 23  3 , P . 169
A . A .  17 . 1, P .  60
AM 2 8 8 , P . 1 69
AM 2 8 3 , P . 1 69
r.M 2 3 3 , P . 69
AM 2 8 8 , P . 1 69
/iM 2 3 3 , P . 69
AM 2 3 3 , P . 1 69
I B VS #9 3 0
AM 2 8 3 , P . 1 69
/iM 2 9 2 , P . 13 5
IDV5 /y930 
IBV̂ S //9 3 0 
A . A .  1 7 . 1  
A . A .  1 7 . 1  
VP.R.  STAR  
T'AP.  STAR  
RA.P. STAR  

. STAR  
V A R . S T A R  
V A R . S T A R  
' /AP . STAR  
AAJ 2 3 3 ,  P

AP 23 9 / / 4,
AP 239 #4,
AP 28 9 4,

. A . 17.1
I B V S  12 
AM 23  9 / ^ 4 ,
/'Li 2 3 9 // 4 ,
PAJ 2 8 9 # 4 ,
A . A .  1 7 . 1  
I B V S  2 7 ,  # 5 0 1
AJ 7 1,  P .
A J  7 1,  P .

, P .  6 0
, P .  6 0
1 6 . 1 ,  P . 5 2
1 6 . 1 ,  P . 5 2
1 6 . 1 ,  P . 5 2
1 6 . 1 ,  P . 5 2
1 6 . 1 ,  P . 5 2
1 6 . 1 ,  P . 5 2
1 6 . 1 ,  P . 5 2
. 69
1 6 . 1 ,  P . 5 3
1 6 . 1 ,  P . 5 3

P . 19 1
P .  19 1
P .  19 1

,  P .  6 0

P .  19 1
P .  19 1
P .  19 1

,  P . 6 0

3 3  
3 8

AJ 7 1,  P . 3 8
AJ 7 1 ,  P .  33  
A S T R O M . A P .  3 0 ,  P . 2 6  1 
A . A .  1 6 ,  P . 153
A . A .  1 6 ,  P .  153  
A .  Pi. 1 7 . 1 ,  P .  6 0  
A . A .  1 7 . 1 ,  P .  6 9  
A . A .  1 7 . 1 ,  P .  6 0  
AJ 7 1 ,  P .  33  
I B V S  # 1 4 8  
I B V S  # 1 4 3



: { % L I  O C K I J T R I  C 
J U L I  AM DATTI

39046.
39050.
39 052 .
39057.
39062 .
39063 .  
39 14 1 . 
39246.  
39 327 . 
39362.  
39436.  
395 1 I . 
39 694.  
3970 1 . 
39737.  
39737 . 
39 7 49 .  
39763.  
39 7 7 4.  
39734.  
39785.  
39793.  
39803.  
39310.  
398 17 . 
39322.  
39330.  
39835 . 
39835.  
3 9 8 4 5 .  
39347 .  
39356.
398 59 . 
39860.  
39860.  
3 9 3 7 2.  
39 8 7 7 .  
39378.  
39382.  
3938 4.  
39 38 4.  
39 3 8 4 . 
39890.  
39 39 0.  
39896.  
39^02.  
39 903.  
3990 8.
399 1 5 . 
39^ 19 . 
39 9 4 5.  
39945.

3 1 66
4 180 
7928 
5737 
3562 
33 16 
2450 
42 00 
6970
3 68  0 
47 2 0 
7690 
64 60 
8 100 
6737 
67 50 
6255 
7520 
7230
28 7 6 
4834 
3490
4 170 
5370 
7500  
54 5 0 
3920  
6730 
6860 
2470 
64 0 0 
0050 
59 1 0 
77 60 
7 3 40 
7 l\ 0 0
5 1/10 
7 120
29 9 0 
63 50 
63 9 0 
69 2 0
6 6 5 0 
6690 
647 9 
6050 
58 50 
5980
7 6 60 
3 59 0 
6420  
6400

0 - C 85
+ / - R E S I D U A L 0 D 5 E R R E R R E FE RE MC E

0 . 2 0 1 0 . 0 0 2 5 U E CK/ iT HORM P .  GOODSELL  O B S .  # 1 5
0 . 0 1 0 0 . 0  13 1 K I Z I L I R H A K AM 2 8 9 / ' 4 ,  P .  19 1
0 . 0 0 1 0 . 0 9 2 4 S T OK E S V A R . S T A R  1 6 ,  P .  39
0 . 0 0 1 0 . 0 0 2 3 H E C K A T H G RN P .  GOOD SELL 0 B S . / « 1 5
0 . 0 0  1 0 . 0 0 3 3 M I M T I , D R A G U S I M I B V S  (t 148
0 . 0 0 1 0 . 0 0 2 9 M I M T I , D R A GU S I M I B V S  1 48
0 . 0 1 0 0 . 0 0 6 0 L E I T M E I R E AM 2 3  9 / / 4 ,  P .  19 1
0 . 0 0 1 - 0 . 0 0 1 2 S C H U B E R T , GRODAM AiM 2 9  2 ,  P .  13 5
0 . C 0 1 - 0 . 0 0 1 3 S TOK E S I B V S  # 1 8 0
0 . 0 0 1 0 . 0 0 7 4 S C H U B E R T , G R O D A M AM 29  2 ,  P .  13 5
0 . 0 0 1 0 . 0 0 5 7 S C H U B E R T , GROBAM AM 29  2 ,  P .  13 5
0 . 0 0  1 0 . 0 0 1 9 S TOKES I B V S  # 2 2  1
0 . 0 1 0 0 . 0 0 5 3 B A L D U I M I B V S  # 7 9  5
0 . 0 1 0 - 0 . 0 0 2  2 B A L D ' U M I B V S  # 7 9  5
0 . 0 0 1 0 . 0 0 4 0 STOKES I B V S  # 2 4  7
0 . 0 1 0 0 . 0 0 5 3 B A L D U I M I B V S  # 7 9 5
O' . 0 0 1 0 . 0 0 3 3 S T O K E S I B V S  # 2 4 7
0 . 0 0 3 0 . 0 0 5 7 S/lMMER I  DUS # 7 9  5
0 . 0 0 8 0 . 0 6 0 5 SAMMER I BUS # 7 9 5
0 . 0 0 2 0 . 0 0 3 0 M I M T I I B V S  2 7 ,  # 3 2  2
0 . 0 0 1 0 . 0 0 3 6 E M D R E S , G O R T Z AM 2 9 1 ,  P .  I l l
0 . 0 03 0 . 0 0 2 4 SAMMER I B V S  # 7 9  5
0 . 0 0 1 0 . 0 0 8 4 S C H U B E R T , GROBAM AM 29  2 ,  P .  13 5
0 . 0 0 3 0 . 0 0 6 9 B O R T L E I B V S  # 7 9  5
0 . 0 1 0 - 0 . 0 0 1 6 COOK I B V S  # 7 9 5
0 .  0 0 3 0 . 0 1 2 4 SAMMER I B V S  # 7 9  5
0 . 0 1 0 - 0 . 0 0 7 4 CRAG G I B V S  #79 5
0 . 0 1 0 - 0 .  0 07 / 1 CRAG G IB,VS # 7 9  5
0 . 0 1 0 0 . 0 0 5 5 COOK I B V S  # 7 9  5
0 . 0 0 1 0 . 0 0 4 6 S C H U B E R T , G R O B A M xGM 2 9 2 ,  P .  13 5
0 .  0 0 7 0 . 0 0 7 1 S' 'AM BERG I BUS # 7 9  5
0 . 0 1 0 0 . 0 0 5 3 SAMMER I B V S  # 7 9  5
0 . 0  10 0 . 0 0 5 6 B A L D ' ' ' I M I B V S  # 7 9  5
0 . 0 1 0 - 0 . 0 0 4 7 SAMMER I B V S  # 7 9  5
0 . 0 1 0 0 . 0 0  3 3 COOK i r : v s  # .795
0 . 0 1 0 0 . 0 0 6 3 COOK I B V S  # 7 9  5
0 .  0 0  1 -  0 . 0 0 0 2 ? ? ? ? ? I B V S  # 2 3  5
0 . 0 1 0 0 . 0 0 2 5 COOK IB'..'S # 7 9  5
0 . 0 0 1 0 . 0 0 3 3 S C H U B E R T , G R O B A M AM 29  2 ,  P .  13 5
0 . 0 1 0 -  0 . 3 0 0 7 COOK I B V S  # 7 9  5
0 . 0 1 rr. 0 . 0 0 3 3 CRAG G I B V S  # 7 9 5
0 . 0 0 8 0 . 0 0 6 3 B A L D V ' I M I B V S  # 7 9  5
0 . 0  08 0 . 0 0 3 0 LUCAS I BUS # 7 9  5
0 . 0 0 7 0 . 6 0 7  0 BALD' . UM I B V S  # 7 9  5
0 . 0 0 8 0 . 0 0 3 3 B A L D ' ' U M I B V S  # 7 9  5
0 . 0 1 3 - 0 . 0 0 9 5 DO B K O US KI I B V S  # 7 9 5
0 . 0 0 8 - 0 .0053 T H O M P S O N I B V S  # 7 9  5
0 . 0 0 8 0 . 0 0 7 2 B O R T L E I B V S  # 7 9 5
0 . 0 0 3 0 . 0 0 3 7 B A L D U I M I B V S  # 7 9  5
0 . 0 0 1 0 . 0 1  10 S C H U B E R T , G R O B A M AM 2 9  2 ,  P .  13 5
0 .  0 0 3 - 0 . 0 0 1 6 SAMMER I B V S  # 7 9  5
0 . 0 07 0 . 0 0 2 4 THOI I PSON I B V S  # 7 9  5
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JTTLIArj DATE + / -

0-C 
EES I DUAL o e s e e v e e REF EREMC

39957 . 5320 0 . 0 1 0 - 0 . 0 1 4 1 DOBKO’-^SHI IBVS i*' 79 5
399 6 3 .5 7 7  0 0 . 003 0 . 0 0 4 7 EALOrJEH IBVS /?795
40 0 37 .63  20 0 . 003 0 .0 0 4 0 EALOMEK IBVS //79 5
4 0 0 5 4 . 4  163 0 . 0 0 1 0 .0 0 5 2 K1ZILIEMAK,KURU IBVS 27,  iff
400 5 6 .3 0 7 0 0 . 0 0 3 0 .0 0 5 0 EALD^UN IBVS if 19 5
4003 0 . 7 0 7 0 0 . 003 - 0 . 0 0 0 0 EALOMEK IBVS #795
4 0 0 3 4 .3 0 2 2 0 . 0 0 2 0.  009 4 SURKOVA IBVS #394
4 0 03 5 .45  6 5 0 . 0 0 2 ?. 003 5 SKATOVA IBVS #39 4
4003 5 .4973 0 . 0 0 2 0 .0 09 3 SUEKOV^A I BVS #394
4 0 0 9 7 .4 45 3 0 . 0 0 2 0 .0 0 5 2 SURKOVA IBVS #394
40 0 9 3 .6 3 9  0 0 . 003 0 .0 0 3 2 BORTLE IBVS #79 5
40 09 3 . 6 4  10 0 . 0 03 0 .0 0 5 2 EALOMEK IBVS #79 5
4 0 0 9 3 .6 4 90 0 . 0 1 0 0 . 0  132 HAZEL IBVS #795
4 0 1 1 6 .5 7 5 0 0 . 0 1 0 0 . 0 1 0 4 h e a s l e y IBVS #79 5
4 0 1 17 .7640 0 . 0 1 0 0 . 0 0 4 2 MOLTHEMIUS IBVS #79 5
40 12 1.3 5 64 0 . 0 0 2 0 . 3  103 SURKOVA I BVS #394
40 127 .3272 0 . 0 0 1 0 . 0 0 5 3 I DAMOGLU IBVS 27, #
40 1 29 .7 1 50 0 . 003 0 . 0 0 2 6 S'-fAMEERG I ERS #795
40 1 29 . 7200 0 . 0 03 0 .0 0 7 6 EALD'UU IBVS #79 5
40 139 .23 73 0 . 0 0 2 0 . 0 1 3 4 SURKOVA IBVS #39 4
40 147.6470 0 . 0 1 0 0.005 9 HAZEL IBVS #79 5
4 0 1 4 7 .6 4 9  0 0 . 0 1 0 0 .0 07 9 EALDUIM IBVS #79 5
^10 15 1.2413 0 . 0 0 2 0 .0 14 9 SURKOVA I BVS #39 4
40 1 73.  7 20 0 0 . 003 0 . 002 3 MOLTHEMIUS I BVS #795
40 173.7220 0 . 003 0 .0 04 3 BALDUIM IBVS # 79 5
40 13 2.  3089 0 . 0 0 1 0 .0 0 5 5 ROSSATI ASTROM.AP.
40 13 4 .6 9  9 0 0 . 003 0 . 0 0 5  1 S'-'AMBER G IBVS #79 5
40 189 . 430 1 0 . 0 0 1 0.  005 1 ROSSATI ASTROM.AP.
4 0 1 9 6 .6 5 2 3 0 . 0 0 1 0 . 0 0  53 LANDIS I BVS #79 5
40 19 6 . 6540 0.  0 03 0 . 0075 BORTLE IBVS #795
4 0 2 0 2 .6 2 9 1 0 . 0 0 ! 0 . 0064 LAMDI S IBVS #79 5
4 0 2 0 3 . 6 0 5 5 0 . 0 0 1 0 .0 0 6 5 LAMDIS I BVS #79 5
40 2 03.  609 0 0 . 003 0 . 0 1 0 0 BORTLE I BVS #795
4 0 2 2 0 . 5 5 0 0 0 . 3 1 0 - 0 . 0 0 1 5 SI MMQMS I BVS #79 5
4 0 2 2 0 . 5 5 7 0 0 . 0 03 0 .0 0 5 5 BORTLE IBVS #795
1̂0 22 7 .7320 0 . 0 03 0 .009  0 CRAG G I BVS #79 5
1̂02 33.  7120 0.  303 0 . 0 1 2 7 SHEETS IR I BVS #79 5

4 0 2 4 5 . 6 5 3 0  ̂. 303 0 .0 06 2 EALD'-'IM IBVS #79 5
4 0 27 0 . 7 6 0 0 0 . 007 0 .0 07 9 BALD'-'IM IBVS #79 5
40 27 4 . 3  37 5 0 . 0 0 1 - 0 . 0 0 0 3 SURKOVA IBVS 27,  #
4023 2 . 7  100 0 . 0 1 0 0 . 0 0  54 CRAG G IBVS #79 5
4029 4.  6640 3 . 003 0 .0 06 9 BALDUIM IBVS #79 5
403 13 . 563 0 0 . 0 1 0 0 .0059 BORTLE I BVS #795
4 0 4 2 9 . 7 0 7 0 0 . 0 0 7 - 0 . 0 1 3 6 SUAMDERG IBVS #79 5
4 0 4 2 9 . 7  22 0 0 .008 0 .0 0 1 4 DALOMEK IBVS #79 5
/10 4 3 6 . 3 9 7 0 0 . 003 0•0049 BALDWIN IBVS #79 5
404 4 2 . 3 7 4 0 0 . 0 1 0 0 .0 0 5 7 BALD'v'IM IBVS #795
40 4 4 7^6500 0 . 003 0 . 0 0 0 6 EALOMEK IBVS #79 5
4 0 4 5 3 . 6 2 4 0 0 .0 0 7 - 0 . 0 0 1 6 EALOMEK I BVS #79 5
404 53 .  629 0 0 . 0 1 0 0 . 0 0 3 4 HAZEL I BVS #79 5
4  0/153 . 6330 0 . 007 0 . 0 0 7 4 AMDERSON IBVS #795
/10 /| 5 4 . 3 2 0 0 0 .003 - 0 . 0 0 0 9 EALOMEK IBVS # 79 5

30,  P . 261

30, P . 261
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ULI AM 

40454

DATE

3220 C7

+ / -  

. 0 1 0

REG I DUAL 

0 . 0 0 1 1
40 4 6 6 7760 0 . 0 03 0 0 0 2  6
4 0 5 0 2 63 50 0 . 0 03 0 0040
405 19 3669 0 . 0 0  1 0 0024
40533 7 130 0 .003 0 0055
40533 7 1 3G 0 . 0 03 0 0055
40539 63 7 0 0 . 0  10 0 00 3 3
40 5 57 6 1 39 n . 0 0  1 0 0 0 1/1
4^5 57 6 14 0 0 • 0 1 0 0 OC 1 5
40 557 6 1 50 0 . 0 1 0 0 0025
4 0746 4 6 07 0 . 0 0  1 - 0 0 0 16
40753 4 125 0 . 0 0  1 - 0 0 02 3
40739 49 00 r, . ^ 0  1 - 0 0 0 1 /i
403 19 3702 0 . 0 0  1 — 0 0025
4 10 3 3 5 193 0 . 0 0  1 - 0 004 1
4 1 14 4 47 63 0 . 0 0.1 - 0 0052
4 1162 4 0 60 Ÿj . 0 0  1 - 0 0 0 4 0
4 113 1 5297 n . 0 0  1 _ n 0 0 4 2
4 119 9 4 533' 0 . 0 0  1 - 0 0 04 5
4 13 3 3 3257 0 . 0 0  1 - 0 0053
/I 1 3 5 3 A4 5G . 0 1 0 -  0 0 C 5 3
/î 1 5 1 1 4 2 0 6 Z . 0 0  1 - 0 0 0 29
4 15 42 49 3 0 0 . O'04 - 0 0 0 2  1
4 1 560 4 2 /I 0 0 . 0 0  1 -  0 0 0 49
4 15 6 0 43 3 0 0 . 0 0 '3 0 G 0 n 1
4 1566 40 22 0 . 0 0  1 - 0 0029
4 15 6 6 4 0 4.1 0 . 0 0 1 - 0 0 0  10
4 1 57 3 3530 0 .00  4 0' 0 00 3
4 1 53 4 3 3 2 6 0 . 0 0  1 _ 0 OC 1 3
4 159 7 43 0 1 0 . 0 0  1 -  fT; 0 0  1 6
4 1 6 09 4 3 29 0 . 0 0  1 - 0 0 0 1 3
4 17 03 6392 0 . (:) 0 1 - 0 0009
4 17 2 6 5 63 0 0 . 0 0  1 _ f7. 0 0 09
4 17 3 2 5 /] 4 2 r?. 0 0  1 — 0' 0009
4 1 3 60 4 37 5 S . 0 0  1 0 0 0 0 /I
4 19 2 1 3940 0 . 0 0 1 -  0 0 0 0 9
4 19 3 3 3 4 5 0 0 . 0 0  1 — 0 0025
4 1934 54 13 c . c J — 0 00 09
4 19 5 /; 3 5 6 1 0 . 0 0  1 - 0 0 0 59
/I 1 9 9 0 7 133 0 . 0 0  1 -G 0007
42094 7056 0 . 0 0  1 — 0 0 0 0 9
42235 7330 0 . 0 04 - 0 0 03 2
42235 74 3 0 0 . 0 04 - 0 0 03 2
42265 6260 n . 0 04 - 0 00 1 5
42239 5303 0 . 0 0  1 - 0 00 1 7
4 2 3 0 0 23 3 4 0 . 0 0 1 - 0 0 0  14
42303 3 7 54 0 . 0 0  1 -  0 0 0 0  1
423 1 4 6350 0 .004 0 0 0 2 2
42325 33 8 9 n . 0 0  1 - 0 0 0  12
42339 7265 0 . 0 0  1 - 0 0066

013 s EH VER

Ŝ ’EETSI E 
BALDRIM 
GRTi'EIM 
DERIRCAM 
S'^EETSIR 
GREEM 
BALD''IN 
LAMDIS 
G' '̂AMDERG 
BALD''I M 
ICI ZI  LI  RM AK 
DE*'I I RCAM
gtjrkova
DElI I RCAM
HRRCZEG, FRIEBOE
HERCZ OG,FRIEBOE
IBAMOGLR
BOZKURT,IBAMOGL
GEMG CMCA
GORZ
KLIMEK
AKir’CI
CAD AM
ELERSBERGER
Z ALTTSKI
ECERSEERGER
U M R 1 3 E C K
5EDZIELQMSKI
iE CI M CI
DMRBECK
DENREE CK
CHAMBLI5S
CHAAIBLI SS
CHAMBLISG
HMCK
HOLZL
BAYGUM
EDERSBERGER
MARGRAVE;, LUKES
CHAMBLI5S
CHAMBLIS S
KROBUSEK
MALLA'ÏA
KROBUSEK
SC/"E
I5 /HM/ER
KARLE,UAUCHER
KROBUSEK
ER/BY
DOOLITTLE,EVAMS

—’ TT-FZREMC TT

IDVS f f l 9  5
IBVS
IBVS
IBVS 27,  if 52 Q
I DVS Ü7 9 5
I EUS i>19 5
IBVS n i 9  5
IBVS // 79 5
IBVS H1 9 5
IDVS /'79 5
IBVS 2 7, // 5 3 0
I EVS 2 7, // 5 3 0
IBVS 2 7, f 5 01
I BVS 27, f 530
AGTR or'. AP. 3 0
ASTR on.AP. 2 0
I BVS 27,  647
AGTR OM . AP . 3 0
IBVS 2 7, Z' 64 7
f T'T T c /•' 9 3 7
I BVS if 6 2 1
IBVS /^9 37
IBVS ^740
IB^'S 9 3 7
IBVS fX 74 0
IBVS /'9 3 7
ASTR OM. /:P. 2 0
I BVS :/ 7 /I C
I B S / 9 9 3 7
/ lSTR OM.AP. 3 0

OM.AP. 30
I B"S 43.33
IBVS 433 3
IB^'5 43 3 3
I EVS 4937
IBS'S 4937
IBVS a 9 21
IB'/S 49 27
IB'..'S 4 1 0  19
IBVS 4.33 3
IBVS 433 3
IBVS 4 9  5 4
IBVS 49 5 4
IBVS 4 9 54
I BVS 4 1053
IBVS 4 1053
PASP 8 7, P . 9
IBVS 4954
IBVS 4 1053
IBVS 4 10 19

P.
26 1 
26 1

P .26  1

P. 26 1

P.
P.

26 1 
26 1

9 09
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u ' J —0 O 0 L 0 2 Y OF 1 23 OL'OCF^'i-.T' l  9 9 5  OF ' Z J ■.

T 20. LO = J C /i 2 3 3 9 . 7 2 6 R + 2  1 . 1 9 "= 5 '-1 7 5

I OC r-^TT- I C 0 - C
I /■.M DA-^T *3 '7 51 n "I : C T- t * *7 r> ■JCE

17 3'=;'=' 4 2  3 3 r/ . 0 0 1 - 0 . 0 3 63 ’ M S  19 14
1 /13 7 3 7 5 Ç, . 0 4 -  0 . 7 3 5 2 F i i F X H ' ^ F O T ,  JOT.Dn P . i i LLEOH ELY 3 . 1 6 , P 1 4
1 /I  ̂Zi 3 3*" 5 2 . 0 2 4 - 0 . O'3 57 r / T : { . i ' : = : 5 T ,  J O F D / i P . A L L E OH E.’ J'Z T . 1 6 ,  7 1 ''1
17 <<, -7 3 3 7 5 - 2 . 0 1 0 - 0 . 0 3 2 3 2 F A F F 'LiP. .  ST / i7 9 . 2 , F . 12 5
17-79 1 5 ") '=■ 77 r' . r" 0.4 - 0 . 2 2 9  5 r / ‘F: ;c' iTT2ST, j o f d / . r  . / . LLEOH ELY 3 . 1 6 ,  F 1 4
17 3 /I r 5 9-70 0 . 0 0 4 - 2 . 0 3 3 7 F A F Y ' F T F S T ,  J OFD/ i P . i . L L E O H e :jy 3 . 1 6 ,  ]: 1 4
1 3 ? 3 *= =̂ 2 0 f" . 2 1 0 - . 2 3  1 1 Y F ' J D F L L U/OR . ST/ iF 9 . 2 , P . 1 2 6
13 3 3 <1 33 5 0 r . 7 1 2 - 2 . 0 3 2 1 *11 JLAM5) Li  01 53
1 3 /12 1 =̂ 9 l.O . 0 1 0 — 2 . 7 3 r: 2 Y C r i D F L L ^UiR.  s t a r 9 . 2 , P .  12 6
1 3 7 3 3 c; S 1 0. . ^ 1 0 -  0 . 2 2 9 9 7 7 / , r r ? .  /aLLEOH ELY . 1 6 ,  P 1 4
13 3 3 3 4 1 0 n . 0 1 _ 7 . 0 2 9  1 P . / - .LLEOH EL Y 3 . 1 6 , F 14
1 9 /| /| 3 3 3 2 2 2 . 0 2=: - 0 . 0 3 0 9 L 9 - J 7  2  7 i / 1  4 5 9 5
1 9 1 0 -7 '7 Ç/ . 7 1 0 - 0 . 0 3 5 5 9 9 / i F F ” A R . S T A R 9 . 2 , F . 1 2 6
1 9 7 9 c; 5 0  10 (?' . 2 1 2 _ r, . 0 3 5 5 '=2* 1C2LL : L 0 : .  ST/ iR 9 . 2 , F .  12 6
1 9 3 3 9 4 1 3 3 n . 0 1 0 — 0 . 0 3 2 9 L F i l M F F T A:J 4 7  3 6
3 3 2 7 3 5 1 2 2 0 . 0 1 0 -  0 . 0 3  59 DT’9 / 9 j " A E . S T A R 9 . 2 , P . 12 6
2 3 2 5 7 4 9 52 0 . 0 1 0 - 0 . 0 3 4 2 'UiP. . STAR 9 . 2 , P .  12 6
2 3 9 4 9 5 3 3 0 . O' 1 0 - 0 . 0 3 2 5 DTTn A'J ' /AR . 9 . 2 , P . 12 6
2 2 4 12 ";3 03 0 . 0 1 0 - 0 . 0 2 3  1 DUCiY'J 'UiR . ST/ iR 9 . 2 , P .  1 2 6
2 3  13 3 9 9 50 . 2 1 0 - '0 . 0 2 1 7 j T ' 9 /0 1 U/..5:. ST/ .R 9 . 2 , P . 12 6
2 3  17 3 3 9 0 0 . 0 1 2 - 7 . 0 1 /I /I OPES SA 1 -7 T r —ST . 4  P . 1 7
2 4 3  3 5 /t 3 3 2 0- . 0 1 0 -  0 . 0- v; 7 1 ODESSA I Z ' ST . 4  TA 17
2 1 ^ 2 / 1 3 0 0 . 0 1 2 - 0 . 0 0 4  1 ODESSA I Z ” E ST . /I F . 1 7
2 A 3 9  3 •= 3 /4 0 . 0 1 O' - 0 . 2 0 4 2 FVT7 F I F F 2 , I" . 96
2 5 9 3-7 3 -7 3 /I 0 . 0 O' 1 - 2 . 0 0 2 3 F Y O F ' I F F i\  . A .  CL) 2 , P . 9 6
2 5 9 3 3 9 = 5 3 0 . 0 0 1 -0- . 0 0 2 3 n - 2 ■ 1 ^F 01. A . C j-i ) 2 , P . 9 6
2-7 119 /! 3 3 0 r\ . 2 1 0 - 0 . 0 0 2 0 F L L S ' - ' C T Y i x . i t .  CL) 2 , P . 9 6
2 7  1 5 5 /| 9 7. c; 0 . r 1 O' -  2 . 0 0 2 2 Oi-CnFCF.LA /3. / * .  C L ) 2 , P . 9 6
2 -7 3 4 == 3 3 5 0 n . 7 2 /J - D . 0 0 5 9 F . O F D Y L F ' ^ S ' a /: . i x . C D ) 2 , P . 9 6
2 - 7 5 3 3 5 0 7 ' . . 2 1 0 _ Ç . 0 03  4 F L L 5 7 - 0 F T ' I i . i'x. CL) 2 , P . 9 6
2 7 3 7 2 4 3 ^ 2 0 . O' 10 - 0 . 0 0 7  y F L L C O F T F / l. a .  C L ) 2 , T3 9 6
23 1 5 q 23  1 7 r- . 0 7  1 -  0 . 0 0 0 2 5 Z A F F A - J I F C fx. A . C D ) 2 , P . 9 6
23  43  4 4 1 4 "= 0 . 2 0  1 0 . 0 0 1 /I T E C Z A fx. fx.  C L '> 2 , P . 9 6
23=^5 1 3 4 5 7 0 . 0 2  1 - 0 . 0 0 1 3 T E C Z A i \ .  A .  c i: ) 2 , F . 9 6
23  5 4  2 3 7 4 4 0 . 2 0 2 — 0 . '0 0 6 7 T E C Z A i x . I x .  C 3 ) 2 , P . 9 4
2 3 3  33 19 9 2 0 . 0 0  I - 0 . 0 0 7 5 T E C Z / i fx. . C L ) 2 , 7". 9 6
2 9 3 7 3 4 4 - 7 5 0 . 0 0 6 - 0 . 0 0 3 3 T E C Z A ri . A . CL) 2 , P . 9 /4
2 9 2 5 1 3 2 0 5 2 . 0  0 2 - '0 . 0 0 3 6 T E C Z A /-I. . C u ) 2 , ? . 9 4
2 9 3 7 5 59  0 2 '0 . 0 O' 1 0 . 0 0 3 6 HTTFFEE,  KOPAL i'lPJ 1 1 4 , J- . 29  7
3 3 2 2 3 53  12 C'' . 0 '2 1 0 . 0 0 7 3 I I U F F E E  , KO P ^ i L AP J  1 1 4 , F . C- 9 7
3 2 3 2 2 -7 1 2 5 0 . 0 0  1 0 . 0 0 3 2 H U F F E R , K O P A L APJ 1 1 4 , ? . 2 9 7
3 2 5 3 3 2 . - 9  2 0 . 0  10 0 . 0 0 9 2 P A O A C Z E U S K I A . A . C L ) 2 , P . 9 7
3 2 3  5 0 5 5  4 3 0 . 0 1 0 - 0 . 0 0 1 6 G A U A C H I E U I C Z A . A . CL) 2 , P . 9 7

3 2 0 3  5 7 0 11 0 . 0 0  1 0 . 0 0 6  1 HUF'^ E R ,  KO P A L AP J  1 1 4 , r . 2 9 7

3 2  1 5 2 5 3 5 3 0 . 0 0  1 0 . 0 0 7 0 H T ' F F E R ,  KOPAL / i PJ  1 1 4 , r . 2 9 7

3 2 / 1 5 2 5 4 5 2 r« . O' 2 1 0 . 0 0 9 9 I I U F v  e R ,  KOPAL AP J 11/1, p . 2 9 7
3 2 5 /i 1 5 7  1 0 2 . 2 : 0 5 e . 0 1 5 3 S Z A F E A U I E C i' i . A . C D 2 , P . 9 1
3 2 7 7 0 5 3 2 4 0 . 0  0 6 0 . 0 1 0  /I SZA F P A U I E C i \ .  i-i. CL) 2 , P . 9 1
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0 -C 

rzC I TAL or. TT'̂ l ’TT' ■'.ZFZHzr:c

3 2 3 0 6 44 11 0 0 0  1 0 .0 11 7 A. r i .  ( C ) 2 J P . 97
3 3 0 0 2 4 6 37 0 003 0 .0 1 3 6 2 2AFZAHIZC A . A. ( L ) 2 , P. 9 1
33 1 ==7 3 47 2 0 0 0  1 0 . 0  149 HV'FT' EP.j KOPAL APJ 114, P. 29 7
3 3 2 4 2 7 10 1 0 0 0  1 0 .0 1 5 2 HUFT'ZP, KOPAL APJ 114, P. 29 7
3 3 4 13 4 12 1 G 0 0  1 0 . 0  153 PI 0TP.0’' 5̂KX 6i . . c i-j ) 2 , P. 97
33^16 42 10 0 0 1 0 0 .0 1 4 3 .3 OPH AH 2 3 1 ( 3 ) , P . 114
3 3 4, ? 5 3396 0 0 07 0 . 0 1 5  0 PI OTPOF'GKI '/AP. STAP 16 . 1 , P.
3 3 7 3 7 •^430 0 G 1 0 0 .0 1 5 5 ppiirj AH 2 3 1 ( 3 ) , P. 114
3 3 3 3 3 3 6 4 0 0 0 1 0 0 .0 1 6 2 DOMKZ AH 2 3 1 ( 3 ) , P. 114
3 4 0 7 0 3340 0 0 0  1 2 .0 1 5 6 POHL / r i  2 3 2, P. 235
3 4 1 C zi 43 1 0 0 GO 1 0 . 0 1 2 4 PÔ .-: /iH 23 2, P. 23 5
342 69 42 5C 0 0 1 0 . 0 1 2 2 E OPH AH 23 2, P. 23 6
3 4 /14 6 3250 e 0 0  1 0 . 0 1 5 5 POP H 6/1 23 2, P. 235
3 4'=̂ 7 5 4 1 ^ 2 0 0 0 2 0 . 0  139 ” POBLZ'-^SKI '^pAH 1/2 s u r . 1 , F .
3 /J -7 I c; O': 9 0 0 0 0. 3 0 . 0 1 3 7 ’̂ P 0 Î 3 L E ’-55KI " ' ' A H I / - .  2 U P . 1 , P .
3496 1 4 7  3 0 0 C .0166 ' ' P O L L C G K I U P A H I / i  2 U P . 1 , P.
3 4 9 9 7 3 1 6 0 0 0 0 7 0 . 0 1 7 2 ' ' P O P L Z ' ^ S K I   ̂ 02 D.2 T'P/ .HI  2 U P . 1,  P .
3^199 33 1 5' 0/7 1 0 .015 9 ''^OLLP'^GKI ' 2 ./ / I I A  su r . 1,  P .
3 5 2 4 2 36 19 ro 0 0 2 0 .0 17 3 H A P K 5 UP A H I A SU P . 1 , P .
3 /I 3 2 /i 0 2 4 7 r  1 0 . 0 1 3 4 L P H C ' ^ Z L ,  L P O O L I AST. I T a l . 3G , P.
2 c: c; A, f?, 20-7 0 r/ 0 G 1 0 .0 16 5 C ' fp 2 T PP AH 2 3 6 , F. 1 6 1
3 5 7 7 5 4393 0 0 0  1 0 . 0 1 4 7 LPHOr:''PL, PP03LI /.ST. ITAL. 3 0 ,  P .
3 ^ 3 7 9 4 27 0 0 0 G 1 0 . 0 1 5 3 PH’DOLPil AH 23 5, P. 161
3 ^ 9 3 3 4 I 6 O' 0 0 0  1 0 .0 1 7 7 DOP^ /iH 23 5, P. 1 6 1
3627 4 4 9 0 0 0 0 1 0 . 0 1 6 6 PĤ DOLPH / / I  23 5, P. 1 6 1
36 166 23 3 0 0- 0 0  1 0 .0 11 3 D P A U H P a:j 2 K 5 ,  P . 1 6 1
3 6 3 0 3 ^ 2  10 0 0 0  1 0 .01^3 LPAPHE AH 2 3 6, P . 2 1 2
3 6 4 5 4 3 420 e 0 0 4 0 . 0 1 6 0 H 6G I 2 Z / 1L E K ,  E L I  H / i . i t.. 17 . 1 , P . 60
367 12 5200 c G (D 1 0 .0 2 0 5 PT'DOLPH A’/  2 3 6 , P. 2 1 C
36323 6663 0 007 ,0 . 0 03 3 E'JGELKEHEIP "AP.STAP 16 . 1 , P.
3 7 0 0 0 ‘=6 50 0 0 0 1 0 .0 10 3 H EH DE ,GJ 23 3, P. 1 63
3 7 3 7 9 4^=00 0 0 0 1 G . 0 0 9 /I HEHDE i / 1 233,  P. 1 63
3 7 2 r?/ 2 5 530 0 0 0 1 G . 0 0 1 9 PT'DOLPH AH 233,  P. 1 63
3 7 3 1 7 2 0 3 0 n 0 0 1 0.003 1 POHL / r i  233,  P. 69
3 7 4 c 3 3 62 0 0 0 0 1 0 .0 0 9  2 H EH DE AH 233,  P. 1 63
3 7 ^ 7 4 23 0 0 0 'j'O 1 0 .0 0 6 3 FE' .̂HAHDEG AH 233,  F. 1 69
37623 23 3 0 0 00 1 G.0  0 96 i l EH DE S /A! 2 3 8,  P . 1 69
3 7 4 6 216 0 0 0 1 0 .007 1 //] 238,  P. 1 69
3 7 703 4 5 3 0 2 00 1 ^ .01  14 3CHHPEPT / M  2 3 3 ,  P . 1 69
379 1 1 3 4 6 0 0 00 1 0 .0 1 2 9 2CHPBEPT AH 28 8,  P. 1 69
3 3 0 0 3 37 90 0 0 0 1 0 .0 1 1 3 FEPHAHDES / / î  233,  P. 1 69
3 3 0 ^ 2 3 7 3 0 0 0 0 1 0 . 0 0  0 6 2 CHHEEPT,EPOEAH AH 29 2, P. 1 3 5
33039 4 23 0 0 0 0  1 0 .0 02 9 J/G 12 EH l E V S  A9 3 0
33242 4 190 0 0 0  1 0 . 0 0 2 2 JAH2EH l E U S  69 32
3 3  3 1 5 3260 0 0 0  1 - 0 .0009 OPLO'UUS AH 23 3, P. 69
33 4 1 5 7 2 66 0 007 - 0 . 0 0  11 STOKES \UiP . 5 T AP 16 . 1 , P .
3 3 ^ 4 0 4 3 39 G 0 3 1 - 0 . 0 0 0 4 ‘IAK I EVS // 1 1 2
33676 29 1 ^ 0 00 1 - 0 . 0 0 0 3 SUPKOVA I EVS 2 7, /y 50 1
337 I 4 5335 0 00 1 - 0 . 0 0 1 2 BTJPKE, POLLAHD AJ 7 1, P. 3 3
33329 23 13 G 0 0 1 - 0 . 0 0 1 7 KPISTEHS OH ASTPOH.AP. 30, P.
3 3 9 3 4 467 0 G 0 02 0 .0 0 1 7 SEAFPAMI EC A . A . 16, P . 153
39  046 3 166 0 O'O 1 - 0 . 0 0 2 0 HECKATHOPH P. GOODSELL 0 E 3  .

4 0

3 6 
3 5 

36 
3 5 

36 
3 6 
2 0

53

26 1 

# 1 5
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392/46. 4 2 0 0 0 0 0  1 - 0 . 0 0 5 0 sciiuBEP.T^ nnoDA:i AU 29 2, P. 155
39227. 69-70 0 0 0 1 - 0 . 0 0 4 9 STQXES I B"S ^130
39/43 6 . /I 7 2 0 0 0 0 1 0 . 3 0 2  6 SCHUBZPT, 0 2 0 2 A'} AU 29 2, P. 13 5
39 5 I 1 . 7690 0 0 0 1 - 0 . 0 0 1 0 STOKES I B'/S (^•22 1
3977/4. 7230 0 0 03 - 0 . 0 0 1 6 s a :j: i e 38 IBUS A 79 5
393/45. 247 0 0 0 0 1 0 .0 0 23 SCHIJDEPT^ OPOB/.M AU 29 2, P. 13 5
/t0 2  ' /̂î . 4 1 63 0 0 0  1 0 . 0 0 4 2 ;<i 11 LiRMAK^ Kunr IBUS 27, ^456
/4 0 1 2 7 . 3272 0 0 0  1 0 . 004 5 IBAMOOLP IB'^S 2 7, ,- 4̂56
/10 1 3 2 . 3 03 9 0 0 0 1 0 .0 0 4 3 ROSSATI /yS T ROU.AP. 3 0,
/4 0 2 2 0 . =;^70 0 0 03 0 . 0 0 5 0 BORTLE I B̂ 'S 6795
/J 0 2 7 /i . 3375 0 0 0 1 - 0 . 0 0 0 7 SUR KO''A I BR'S 2 7, A 5 0 1
/4 0 5 1 9 . 3 6'"'9 0 0 0 1 0 .0 0 2 9 DE'IIRCAU IB'/S 27, 53 0
/i 0 7 3 9 . 49 0 0 0 PP 1 0 . 0 0 0 0 ST'RKO '̂A I B'/S 27, #501
/| 0 3 1 9 . 3 7 0 2 {1 0 0 1 - 3 . 0 0 1 0 DEKIRCAN I B̂ 'S 27,  #53 0
/4 1 03 3 . 5 193 0 0 0 1 - 0 . 0 0 1 7 HZRCOEO,FRIEBOE ASTR or:. AP. 3 0,
/I 1162. 4 0 60 0 0 0 1 - 0 . 0 0 1 3 I BA’IOOLH I B' 'S 27,  # 647
/I 1 19 9. 4 53 3 0 0 0 1 - 0 . 0 0 1 7 SE-vJOOMCA I BUS 2 7 ,  # 6 4 7
/I 1 3 3 3 . 3257 0 0 0 1 - 0 . 0 0 2 1 OORT I E ' ’S #9 3 7
/4 1 560 . 4 2 4 0 C- 0 0 1 - 0 .0  0 09 EBERSBEROER IBUS #937
/4 1 609 . 4 3 29 0 0 1 0 .0023 DUREECK ASTR OU.AP. 30,
/| I 7 0 3 . 6392 0 0 0  1 0 . 0 0 3 6 CHAKELI5S IB^'S #33 3
/I 18 60. 4375 e 0 0 1 3 . 0 0 5 4 HACK I BUS #937
/I 1 9 5 4 . 3 56 1 n 0 0 1 - 0 . 0 0 0 6 KARORAVE,LUKES I BUS # 1 0  19
/H 9 9 0 . 7 13 3 0 0 0  1 0 . 0 0 4 7 Ci-IAKBLI SS I BUS #3 3 3
/-12 09/4 . 7 0 5 6 c 0 0 1 0 . 0  0 49 CHAMDLISS I BUS #333
4223'=^. 7 4 3 0 0 0 0 4 0 . 3 0 3 1 UALLAPA IBV̂ S #9 54
42289 . 5303 0 0 0 1 0 . 0 0 4  7 SC/ ’-'E IB"S #1053
42339. 7 2 65 0 0 0 1 0 . 3 0 0 0 DOOLITTLE,EUAUS I BUS # 1 0  19

p. 26 1

P. 26 1

P. 26 1
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TCALC = JD 4 10 7 1 .3000  + F * 1 .42332300

93

HFLIOCFMTFIC 
J FLI  AN DATF + / -

0-C 
P-FS I DUAL OESFPVEP REFERENCE

1931 9.3792 0 . 0 1 0 0 .0 69  3 ZINNER AN 4 679,  P . 45
3413 3 .4^7  0 0 . 0 0  1 0 .0 25 5 PQHL AN 23 2 P. 235
3 42 53 .29  00 0 . 0 0 1 0 . 0 1 3 3 roiiL AN 23 2 P. 23 5
3 4 4 5 5 .4 1 7 0 0 . 0 0 1 0.030 1 POHL AN 23 2 P. 235
34 00 5 .3 93 0 0 . 0 0 1 0 . 0 3 6 6 PQHL AN 23 2 P. 235
3 5 3 3 2 .4 0 0 0 0 . 0 0 1 0 . 0  197 RUDOLPH, JAHN a: J 2 3 5 P . 1 63
3 544 2.  3 3 00 0 . 0 0  1 0 . 0 1 3 4 POHL AN 23 5 F. 1 63
3 59 59 . 4 44 0 0 . 0 0 1 0 .0 27 7 RUDOLPH AN 23 5 P. 1 63
36 10 5 .5 7  0 0 0 . 0 0 1 0 .0 35 9 RUDOLPH AN 23 5 P. 163
36 166 .5390 0 . 0 0  1 0. 0151 RUDOLPH,BRAUNE, AN 23 5 F. 1 63
3 6 2 9 6 .5 1 2 0 0 . 0 0  1 0 .0 1 0 3 RUDOLPH AN 236 P. 2 1 0
36306.  5 1 10 0 . 0 0 1 0 . 9 1 1 0 : ERAUNE AN 23 6 , P. 2 1 0
3 63 49 .  23 60 0 . 0 0  1 0 .0 2 1 3 ERAUNE AN 23 6 , P. 2 1 0
363 59 . 29 50 0 . 0 0  1 0 . 0 3 2 0 ERAUNE AN 23 6 P. 2 1 0
3 7 53 3 . 4  6 6  0 0 . 0 0 1 0 . 0 4 0 7 FERNANDEZ AN 28 3 P. 1 69
3 7 69 6 . 29 5 9 0 . 0 0  1 0 .0 31 3 FERNANDES AN 23 3 P. 1 69
379 03 .3 9  0 0 0.901 0 .0 1 9 3 KIZILIRMAK AN 23 3 P. 69
3 7 9 0 3 .3 9 3 0 0 . 0 0 1 0 .0 2 7 3 FERNANDES A N  238 P. I 69
3 7 9 2 3 .3 3 3 0 0 . 0 0 1 0 .0 20 7 ERAUNE AN 233 P. 1 69
379 3 3 .3 3 4 0 0 . 0 0 1 0 . 0 1 3 4 MASUCH AN 23 8 P. 1 69
3 3 59 0 . 4  340 0 .0 0 3 0 . 0 3 7 5 FLIN A.A. 17, P . 61
3374 0 .3 3  50 0 . 0 0 1 9.014 1 KRAUSSER AN 239#4, P . 1
3 3 7 5 3 . 2  3 70 0 . 0 0 1 0 . 0 1 1 1 POHL AN 239 6/1 P . 1 9
33 3 3 0 .3 6 3 0 0 . 0 9  1 0 . 007/1 KRAUSSER AN 239^4 P .19 1
3397 7 .43 1 7 0 . 0 1 0 0 .0033 K I Z I L I  RMAK AN 239 #4 P .19 1
4010/1.4320 0 . 0 0 1 0 .9 07 3 IEAN00LU,OUDUR IBUS #456
4 0 2 0 4 . 4  133 0 . 0 0 1 0 .0 0 5 9 E l CKEL IBUS #45 6
4 0 5 3 4 . 3 5 6 0 0 . 0 0 1 0 .0 05 1 DEM I RI CAN lEVS #530
4 0 7 5 1 .4610 9 .001 0 . 0 0 4 2 ENDRES lE^S #530
4 09 04 .2 9  3 4 0 . 0 0 1 0 .0 0 5 5 KARACAN ISO'S #64 7
4 99 64 .2 3  2 0 9 .0 0  1 0 . 0 0  /14 M EI E'R IDVS #647
4 1 2 0 1 .3 3  42 0 . 0 0 1 0 .0 0 4  1 HOLZL lEUS #647
4 16 7 1 .3000 0 . 0 0 1 0 . 0 0 0 0 DEM IRCAN IBUS #937
4 1 9 3 3 .3 3 9 5 0 . 0 0 1 0 . 0 0 0 7 PATKOS lEUS #1065
/I 199 1.24 5 5 0 . 0 0  1 0 . 0 0 0 0 PATKOS lEVS #1065
42003.  33 50 0 . 0 0 1 - 0 . 0 0 0 4 PATKOS lEUS #1065
4 2 2 6 5 .4 3 2 2 0 . 0 0  1 - 0 . 0 0 2 2 IEANOGLU,GULMEN IBUS #1053
4 2 2 6 5 . 4 3 3 6 0 . 0 0  1 - 0 . 0 0 0 3 IBANOGLU,GULMEN IBUS #10 5 3
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C iro'TOLo 9Y OF -3 JDEFFJ'ATI or’3 OF KXCEP 9

TCALC = JD 4 0 520. 42 50 + E  ̂ 2. 3 3 7 3 3 5 2 0

H^LI OC'2' J'^̂  I C 0-C
Jf'LI  Arj DAT0 -r / - 2 2  s I DVTAL 0T̂  q TTT? T rrr'^ EEFEEEUCE

1/49 3 1 4000 0 .0 1 0 0 .1 1 9 3 LAULOV FAE.STAR 12, P2 1
I S2-] 1 3500 2 .0 10 0. 120 1 LÂ TEo'T ttaE. STAR 12, P2 1
17 196 1 9 00 0 . 0 1 0 0 . 0 3 2 0 LAT:ro^7 Ttar. STAR 12, P2 1
192^< 4 100 0 . 0 1 0 0 .0 = 9 7 LATTE 0̂ ^ FAR. STAR 12, P2 1
25 124 47 00 0 . 0 1 0 0 . 0 7 1 0 L/^tj.eqv F/iP . STAR 12, P2 I
2^13 1 = 0 0 0 0 . 0 1 0 C.039O L/J'EO'T f a r .STAR 12, P2 1
2 5 4 4 2 36 = 0 0 .01  0 0 .0 3  3 4 LALEOV t taP . STiAR 12, P2 1
2 = 3 5 1 4 0= 0 0 . 0 1 0 0 .0 9 4 7 FEES A /V J 6 7 P . 7
2 = 3 =3 4 170 0 .0 1 0 0 .0 9 4 7 AJ 6 7, P . 7
2 3 =7 4 39 3 0; 0 . 0 1 0 0 .0 9 2 2 LAUROV TTAE .SThR 12, P2 1
23 =9 = 43 3 0 0 .0 1 0 0 .0 9  12 LaUP.Ô ' TTAE. STAR 12, P2 1
23 6 27 143 0 0 . 0  1 0 .1 1 9 5 LAUF-OV TTAE .STAR 12, P2 1
23 3 1 2 4690 C . 0 1 0 0 .0 9 2 3 LAFPOF ’Ti\E . STiiE 12, P2 1
23922 3320 0 . 0 1 0 7 . 1 0 0 6 LAPPOF T TAT'.. S T AE 12, P2 1
n T -7 >7 c 3 3 90 0 .010 0.  19 2 9 LAUFOF TTAE. STAR 12, P2 1
3 2 3 1 3 10 0 0 0 . 0 1 0 0 .1 4 2  1 LATTpQTT TTAE .STAR 12, P2 1
3 2=39 2230 0 . 0 1 0 0 . 1 3 9 3 lattrot; TTAE . STAR 12, P2 1
3'^603 2 2 9 0 0 . r-i 2 0 0 .1 1 6 2 : L/iUROF FAR.STAR 12, P.
3 2 6 10 2 500 0 . 0 2 0 0 .1 2= 3 : L/iFRQTT TTAE. STAR 12, P .
306 17 2 3 40 ^ . 0 1 0 0. 14 7 2 LAt.tr Qtt \Ui71 . S T ̂ \R 12, P2 1
3 2 2 5 9 3 70 0 0 .010 0 . 0 9 7 4 PPE3 A AJ 6 7 , P. 7
3 2 2 0 4 23 =0 0 .0 1 0 0 . 2 9 7  6 FEE 5 A AJ 6 7 , P. 7
32232 3300 0 .0 1 0 0 . 0 9 4 6 FEE SA AJ 67, P . 7
326 1 2 09 00 0 .0 1 0 - 1 . 1 3  10 F EE SA AJ 6 7, P . 7
329 54 56 1 0 0 .0 1 0 0 . 0390 FEES A AJ 6 7, ? . 7
33099 4 6 4 0 0 . 0 1 0 0 . 0 7 7 3 FEES A AJ 6 7, P . 7
33 134 = 100 0 .010 0 .0 63 2 FEES A AJ 67, P . 7
3 3 15 5 = 5 = 0 0 . 0 1 0 0 .0 7 2 2 FEE SA /i J 6 7, P . 7
3 3 445 426 0 0 . 0 1 0 0 . 1 1 3 6 LAUEO '̂ t.’AE . STAR 12, P2 1
33  = 3 7 970 0 0 . 0 1 0 0 .0 8  32 LAFROF TTAE . STAR 12, P2 1
33339 49 4 0 0 .0 10 0 .0 3 3 0 LATJEOV TTAE. STAR 12, P2 1
34039 Of 3 0 0 .0 1 0 0 . 3 3 2  5 LAUEOF FAE. STAR 12, P2 1
3404 1 4 150 0 .0 1 0 0 .0 3 2 2 L AT TR OF FAR. STAR 12, P2 1
3 4 0 6 0 1140 0 .01  0 3 . 0 3 2 5 LAFEO'^ FAE. STAR 12, P2 1
3406 1 3020 0 .001 - 1 . 0663 LAUEOF AJ 67, P . 7
3 4 0 6 2 45 10 0 . 0 1 0 0 .3 3  2 2 LATtEQ\t FAE.STAR 12, P2 1
34033 1 520 0 .0 1 0 0 .3 3 2  5 LAUEOV FAR.STAR 12, P2 1
3 / 1 3 3 7 3370 0 . 0 1 0 0 .073 6 LAUEOF t;aR. STAR 1 2 , P2 1
34394 3 49 0 0 . 0 1 0 0 .0 7 3  6 LAUEOF FAE.STAR 1 2 , P2 1
3 4/157 4 5=0 0 . 2 1 0 0 .3 7  65 LAUEOF TTAE. STAR 1 2 , P2 1
3 4 5 4 3 92 10 0 .^ 0 3 0 .061  1 :(OCH, KOCH AJ 6 7,  P . 7
34623 30  =0 0 . 0 0 1 0 .0 6= 7 FEE SA AJ 6 7, P . 7
3 4 6 3 0 4 1 50 0 . 0 0 1 0 .0737 FEE SA AJ 67, P . 7
3 4763 3 190 0 . 0 1 0 0 . 0 7 4 9 LAUEOF f a r .STAR 1 2 , P2 1
34903 33 30 0 . 0 0 3 0 .0 7 3 5 KOCH, KOCH AJ 67, P . 7
349 49 4 63 0 0 . 0 0 1 -  1 .0332 FEES A AJ 67, P . 7
34933 3 = 00 0 . 0 1 0 0 . 0 7  1 1 LAUEOF FAR.STAR 1 2 , P2 1
3 5 2 4 0 4 = 2 0 0 . 006 0 .0 6 6 2 KOEDYLET'TSKI SAC 23, P . 133

2  1
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H ^L i  o c E i r n i  c 
J ’^LIA'I d a te + / -

0 -C 
DE S I DUAL

3 S 2 4 7 . 
35275 . 
3623 1 . 
363C9.  
3^460.  
37 5/17 . 
3*756 1 . 
3772 1. 
3 7 7 9 0.  
37935.  
37936 .
3 9 0E7 . 
39057 . 
3932 1 . 
/10 09 7 . 
/10 I 3 9 . 
/10 2 3 7 . 
40473.
4 0513.  
4 0 5 2 0.

4 63 0
5 100
4 59 e 
53 10
5 4 4 0 
3340 
42 10
3 49 0 
45 10
4 0 0 0 
73 0 0 
2 7 4 0 
2300  
5820 
3730 
/14 2 0
6 170 
6 6 0 0  
4 190 
4 2 60

00 1 
00 1 
0 0 1 
0 0  1 
0 0 1 
0 0 6  
0 0 1 
00 1 
0  0  1 
00  1 

0 .0 1 0  
0 .0 1 0  
0 .0 1 0  

0  1 0 
0 0  1 
00 1
0 07 
0  1 0  
0 0 1 
0 0 1

0702 
0642 
043 1 
0330 
0 69 2 
0434 
0 6 14 
0506 
0 3 2 5 
0667 
0 2 5 4 
0 193 
0253 
0 192 
0047 
0 0  1 6 
0036  
0 193 
0 0 5 0 
0000

OBSEPU'EP.

FRESA
FPESA
RUDOLPH
Rî'DOLPH
DORR
KUBICA
: POHL
3 PAUME
DUEBALL
POHL
: AMGIOME 
: Kl 0 ILIRMAK 
: Kl ZILIRMAK 
BALD'-'I M 
I RAM03LU 
I DAM0GLU 
DORTLE 
HAZEL
BA5E1BACH, G 0R3 
GUDUR

REEEREMCE

J 67, P. 
AJ 6 7, P .
AM 23 6 , P 
AM 2 8 6 , P 
AM 23 6 , P 
A. A. 17,
AM 233,  P 
AM 23 3, F 
AM 23 3,  P 
AM 233,  
PA3P 75,  
AM 289^4,  
AM 239 44,  
I BPS 4 79 5 
I BUS 2 7,
I BO'S 27,  
IBVS 4795 
I BPS 4 79 5 
I BUS 27,  
IBUS 2 7,

7
7

2 1 0 
2 1 0 
2 1 0 

. 6 1 
70 
1 7 0 
1 70 

. 70

. 407
P. 192 
P. 192

445 6 
4456

4 4 5 6 
4 530
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CII'^OMOLOOY OF 5 6 OECELV'AT I O'JS OF S’ ĈYO 98

T CALC = J :: 4 3 454. 63 50 + E  ̂ 4 . 5 7 2  3 /10 0 0

HELI OCErjT^.I C 0-C
JTJLI AM DATE + / - EESI deal OBSERVER r  T pT7̂  ÎTMp T-

13 03 1 3220 0 . 0 1 0 - 0 . 3 4 2 3 SCHMELLER, H. AM 23 7
13456 3240 0 . 0 1 0 - 0 . 3  136 SLO^^OCXOTOVA VAR.STAR 1 0 . 1, P . 2 2
14 5 5 3 3 0 50 0 . 0 1 0 - 0 . 3  142 SLOVQCKOTO^Yi VAR.STAR 1 0 . 1 ,P .22
14653 9 3 6 0 ^ . 0 0 1 - 0 . 3 0 3  6 clo v q ck ot o v a VAR.STAR 10 ^ 1 ( 3 5 ) 2 5
14736 7 3 2 0 0 . 0 1 0 - 0  . 3003 SLQV'OCKOTOVA VAR.STAR 1 0 . 1 , P . 2 2
1473 2 /-14 3 0 0 . 0 1 0 - 0 . 3 1 3 2 5L0"0C-C0T0VA FV̂ .R. STAR 1 0 . 1, P . 2 2
14 7 9 6 19 2 0 0 . 0 1 0 - 0  . 2373 SLOVOCKOTO^'A ” AR.STAR 1 0 . 1, P . 22
1 43 0 5 3 13 0 0 . 0 1 0 - 0 . 3 0 7 4 SLGT/QCKOTGF'A v aR.STAR 1 0 . 1 , P . 2 2
14329 39 1 0 0 . 0 0 3 - 0 . 3 0 7 3 SLQVGCKGTGVA VAR.STAR 10. 1 ,P .22
143 14 46 1 0 0 . 0 08 - 0 . 3 1 0 1 SLOVGCYGTOVA VAR. STAR 1 0 . 1, P . 2 2
14323 1320 0 . 0 1 0 - 0 . 3  07 6 SLG‘'0CK0TG3Yn VAR.STAR 1 0 . 1 , P . 2 2
14332 7520 0 . 0 07 - 0 . 3 1 0 5 SLGVOCKGTG^'A VAR.STAR 10 . 1, P . 2 2
14337 3 27 0 0 . 0 1 0 - 0 . 3  03 3 5L0^-0CK0T05V. VAR.STAR 1 0 . 1, P . 2 2
1 43 4 6 4 7 0 0 0 . 0 1 0 - 0 . 3  110 s l g ^̂ ockgtgfta FV.R. STAR 1 0 . 1 , P . 2  2
14346 47 40 0 . 707 - 0 . 3 0 7 0 5Lovoc;:oToVii 'ViR. STAR 1 0 . 1, P . 2 2
1 43 5 5 6 2 40 O'. 0 1 0 - 0 . 3 0 2 7 SLOVOCYOTQVA VAR.STAR 1 0 . 1 , P . 2 2
14 3 6 0 19 60 0 . 0 0 7 - 0 . 3 0 3 5 SLGVGCROTG '̂^A VAR.STAR 1 0 . 1 , P . 2 2
14364 7 64 0 0 . 0 1 0 - 0 . 303/1 SLO^^OCKOTGF'A VAR . ST/iR 1 0 . 1, P . 2 2
143 69 3460 0 . 0 1 0 - 0 . 2 9 9 2 SLOVCCEOTG^^A VAR. STAR 1 0 . 1 , P . 2 2
14373 4 3 50 . 0 0 3 - 0 . 3 0 5 9 SLGV-OCKGTOVA ’;a r . star 1 0 . 1 , P . 2 2
14 9 0 1 3540 0 . 0 1 0 - 0 . 3 0 1  1 s l o v qc ko to v a VAR.STAR 1 0 . 1 ,P .22
14 9 19 6270 0 . 0 03 - 0 . 3 1 9 4 slovocicotgva VAR.STAR 1 0 . 1, P . 2 2
14923 73 70 0 . 0 0 1 - 0 . 3 0 5 1 SLOF^OCYGTOFa VAR.STAR 10 ^ 1 ( 8 5 ) 2 5
149 33 3 560 0 .0 0 7 - 0 . 3  09 0 SLOVOCKOTOVA VAR.STAR 1 0 . 1 , P . 2 2
14933 3600 0 . 7  1 0 - 0 . 3 0 5 0 SLG90CKGT0VA v aR.STAR 1 0 . 1 , P . 2 2
14 9 4 2 5046 0 . 0 1 0 - 0 . 3 0 6 6 SLO^^OCKOTOVA VAR.STAR 1 0 . 1 , P . 2 2
1/19 4 7 03 5 0 0 . O' 1 0 - 0 . 2 9 3  5 SLG'^OCKOTGVA VAR.STAR 1 0 . 1 , P . 2 2
1^49 1 2 5 40 0 . 0 0 1 -0.297 /1 SLGLOCYOTOVA ''AR. STAR 10 # 1 ( 8 5 ) 2 5
16433 2 7 60 0 . 0 0 1 -EL. 23 0 5 SLOVOCKOTOVA ':AR. STAR 10 # 1 ( 8 5 ) 2 5
17366 14 4 0 0 . 0 0  1 - 0 . 2 7 1 8 SLOVOCKOTOlYi "AR. STAR 10 # 1 ( 3 5 ) 2 5
13 440 623 0 0 . 0 1 0 - 0 . 4 1 0 2 SLG'-'OCK OTO'L\ AM 23 7
13 6 19 09 3 0 0 . 0 0  1 - 0 . 2 7 6 0 SLOVOCKOTOVA v aR.STAR 10 # 1 ( 8 5 ) 2 5
19 3 4 1- 6 0-3 0 0 . 0 0 1 - 0 . 2  79 7 SLOVQCKOTCA VAR.STAR 10 # 1 ( 8 5 ) 2 5
2 14 7 2 43 7 0 0 . 0 0  1 - 0 . 3 3 9 2 SLOVOCKOTOVA m a r . STAR 10 # 1 ( 3 5 ) 2 5
2399 6 62 3 0 0 . 0 0  1 — 0 . 4  103 SLOVOCKOTOVA VAR.STAR 10 #1 ( 8 5 ) 2 5
249 6 1 43 2 0 0 . 0 0 1 -  0 . /i 2 1 1 SLO VOCiKOTOS'A m a r .STAR 10 # 1 ( 8 5 ) 2 5
23322 5 1 50 0 .301 - 0 . /12 5 5 slof ôckotova VAR. STAR 10 # 1 ( 8 5 ) 2 5
33^37 50 1 0 0 . 0 0 1 - 0 . 3 3 8 3 SLOVOCKOTOVA V/iR. STAR 10 # 1 ( 8 5 ) 2 5
3 3 16 0 6 69 0 0 . 0 0 1 - 0 . 3 3 6 2 7 7 7 7 7 AJ 64 C 1272) P. 2 59
3 4 15 7 6720 0 .0 01 - 0 . 3  123 SLOVOCKOTO’'A VAR.STAR 10 # 1 ( 8 5 ) 2 5
3 4 633 47 60 0 .0 1 0 -0  .23 49 3CHMELLER AM 28 7
35250 52 1 0 0 . 0 0 6 - 0 . 2 7 2  1 SZCEEPAMO'-'SKA SAC 28,  P . 103
35250 62 1 0 0 .0 1 0 - 0 . 2 7 2  1 SCHMELLER, H . AM 28 7
3529 6 2540 0 . 0 1 0 - 0 . 2 6 7  5 SCHNELLER, H. AM 28 7
3 5 3 4 6 5600 0 . 009 - 0 . 2 6 2 7 SZCZEPAMO'^SKA SAC 28,  P . 103
3 5 3 4 6 5 6 00 0 .7 1 0 - 0 . 2 6  27 SCHMELLER, H. AM 23 7
35963 9 1 60 0 . 0 1 0 - 0  . 240 1 SCHMELLER AM 23 7
36402 9030 0 . 0  10 -0  . 2453 SCHMELLER AM 28 7



99
H^LI OCE^JT^I C 0 -C
JT'LI AN DATE + / - EE5 1DUAL OBSERVER REFEREUCE

3 6 A 3 0 . 3 /4 3 D 0 . 0 1 0 - 0 . 2 4 2 8 SCllUELLER AH 23 7
3 6^139 . /j9 6 0 0 . 0 1 0 - 0 . 2 3 5 5 SCHMELLER AM 28 7
3 6 4 5 7 .7 9 5 0 0 . 0 1 0 - 0 . 2 2 7 8 5CHMELLER AM 28 7
36787 .0520 0 . 0 1 0 - 0 . 2  153 SCMUELLER AM 23 7
3 9 6 4 0 .6 6 9 0 0 .008 - 0 . 0 5 0 5 HAZEL IBVS f795
39 7 0 4 . 7  08 0 0 .0 07 - 0 . 0 3 1 2 HAZEL IBVS #79 5
4 0079 .7 I 50 0 . 008 0 .0 02 9 HAZEL IBVS #795
40 4 5 4 . 6 8  50 0 . 0 1 0 0 . 0 0 0 0 HAZEL I CVS #79 5
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CHP.OMOLO9Y OF 96 3DSEE6V.T I ONS OF G

TCALC = JD 3 6 1 6 4 . 3 1 5 0  + E * 3 .3177 1000

:l i  oce,MTPI C 0-C
LI  AN DATE + / - D ESI DUAL OBSERVER .REFER

6722 53 10 0 . 00/1 - 0 .0 0 3 4 DLAZKO AM 5270
6729 16 10 0 .0 0 4 - 0 .0083 BLAZKO AM 5270
6752 3350 0 .0 0 4 - 0 . 0033 BLTiZKO Arj 5270
6 9 3  1 2990 0 . 004 - 0 . 0 163 DU G AM > P. I G HT CO l-̂ T . P R
693 1 3 1/10 0 . 0 0 4 - 0 . 0 0  13 GRAFF /■-M 5270
699 1 2720 0 . 0 0 4 0 . 003 1 GRAFF /iM 5270
699/4 59 00 0 .004 0 . 0034 GRAFF /AJ 5270
'7 0 6 /j 2/150 0 . 0 0  /I - 0 .01 35 GRAFF /iM 5 2 70
7 107 33 5 0 C . 004 - 0 .0033 GRAFF AM 5270
7 117 3370 0 . 0 0 4 - 0 .00/(9 GRAFF AM 5270
7 130 6 030 0 .0 0 4 - e . 0097 GRAFF AM 5270
7 1 3"7 2/450 0 . 00/1 “ 0 . 0032 GRAFF AM 5270
7 160 /16 /-1.0 0 . 0 0 4 - 0 .003 1 GRAFF /\M 5270
7/4 5 2 / | 2 2  0 0 . 0 0  /I - 0 .003 6 GRAFF AM 5 2 7 0
7/1 62 33 0 0 0 . 0 0 4 - 0 . 0037 d l a z k o Ari 5 2 7 0
7/4 7 2 3320 0 .0 0 4 - 0 . 0049 GRAFF AM 5273
7/495 •̂ 5 10 0 . 0 0  /I - 0 . 0093 ELAZKO AM 5270
7502 1930 0 . 0 0 4 - 0 . 0033 GRAFF AM 5270
7327 3 23 0 0 . 0 0 4 - 0 . 0033 GRAFF /,M 5270
3 7 3 9 /13 0 0 0 . 0 1 0 0 . 0123 MIJLAMD BAM 53
3 799 /i23C 0 . 0 1 0 0 . 0071 MIJLAMD BAM 58
3332 5930 0 . 0 1 0 - 0 . 0050 MIJLAiJD BAM 53
3 3 /4 2 5 6 7, 0 . 00/1 0 . 0089 GRAFF AM 5 2 7 0
3372 /I 1 7 0 0 .0 0 4 0 . 0065 GRAFF /iM 5 2 7 0
3 3 3 2 33 10 0 . 0 1 0 0 .017/1 MIJLAMD BAM 53
339 5 6 3-5 0 0 . 0 1 0 Q. 0005 MIJLAMD BAM 53
3935 /I /17 0 0 .0 0 4 0 . 0 0 0 0 GRAFF AM 5 2 7 0
3935 /i5 1 0 0 . 0 1 0 0 . 0040 MIJLAMD HAM 53
39/15 / 1 0 0 0 0 . 0 1 0 - 0 . 0 0 0  1 MIJLAMD BAM 53
3 9/45 /10 60 0 . 0 0 4 0 .00  59 AM ‘̂ 2  70
3953 67/10 0 . 0 1 0 0 . 003 1 MIJLAML B AM 53
3995 17 0 0 0 .0 0 4 0 . 0042 GRAFF /R'J 5270
9 1/1/1 /163 0 0 . 0 1 0 0 .0053 MIJLAMD BAM 53
9 1 6/1 3760 0 . 0 1 0 0 .0070 MIJLAMD BAM 53
9237 3670 0 . 0 1 0 0 .0 0 3 4 MIJ LAM D BAM 53
9260 59 10 0 . 0 1 0 0 .0034. MIJLAMD 3 AM 5 3
9 320 29 3 0 0 . 0 1 0 - 0 . 0033 MIJLAMD BAM 58
9363 /4 3 30 0 . 0 1 0 0 .001 4 MIJLAMD BAM 53
9 5 19 3660 0 . 0 1 0 0 . 0 0 2  1 MIJLAMD BAM 53
9522 63 00 0 . 0 1 0 - 0 .0 0 1 6 MIJLAMD BAM 5 3
9572 /1/150 0 . 0 1 0 - 3 .0023 MIJLAMD DAN 5 3
9635 48 60 0 . 0 1 0 0 . 0 0 2 2 MIJLAMD BAM 53
9 6 5 3 7 03 0 0 . C 1 0 0 . 0003 MIJLAMD DAM 58
9665 35/10 0 . 0 1 0 0 .0103 MIJLAMD BAN 53
9663 6630 0 . 0 1 0 0 .007 1 MIJLAMD BAN 58
9673 6 150 0 . 0 1 0 0 . 0 0 1 0 MIJLAMD BAM 58
9635 25 10 0 . 0 1 0 0 . 0 016 MIJLAMD BAM 58
9927 4390 0 . 0 1 0 - 0 . 0033 MIJLAMD BAM 53
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T) tTTT TTOEREUCE

1 9 9 r'. 0 . 6 1 9 0 0 . 0 1 0 - 0 . 0 0 0 / 1 N U L  AND RAN 53
2 0 0 1 0 .3 9 1 0 0 .0 0 4 - 0 . 0 0 4 0 GRAFF AN 5270
2 0 023 .65^0 0 . 0 1 0 - 0 . 0 0  19 N U L  AND LAN 58
200S3.5  1 2 0 0 . 0 1 0 - 0 . 0 0 3 2 NULAND BAN 53
2 0 1 6 6 .3 0 1 0 0 . 0 0 4 - 0 . 0 1 6 4 GRAFF AN 5270
202/42. 6 130 0 . 0 1 0 - 0 .0 0 6 7 NULAND BAM 53
20 25 2 .5 7 4 0 0 . 0 1 0 - 0 .3038 NULAND DAN 53
2 0 2 1 5 .6 20 0 0 . 0 1 0 0 .0 0 5 7 NULAND BAN 58
20 32 5 .5 630 0 . 0 1 0 - 0.00/15 NULAND DAN 58
20 33 5.  5 1 50 0 . 0 1 0 - 3 .0 0 5  6 NULAND BAN 53
2 0 3 5 5 .4  160 0 . 0 1 0 - 0 .0 1 0 8 NULAND BAN 58
2 2 1 0 0 .5 1 5 0 0 . 0 0 4 - 0 .0 2  73 GRAFF AN 5270
2 2 611 .4350 0 . 00/1 - 0 . 0 3 4 6 GRAFF AN 5270
2262 1 . 3330 0 . 0 0 4 - 0 . 03/ 18 GRAFF /iN 5270
2264 1 . 2920 0 .0 04 - 0 .0 3 7 0 GRAFF AN 52 7 0
23 079 .2320 0 . 00/1 - 0 .0 3 4 3 GRAFF AM 5270
30 5 50 .63  0 0 0 . 0 0 4 - 3 . 069 7 •̂mi TNEY i\J 55C 1 139) , 230
3 0 5 7 3 . 9 1 1 0 0 . 0 0 4 - 3 . 0 6 2 6 TNEY AJ 5 5 (1 1 3 9 ) , 230
3 0 5 3 0 .5 6 4 0 0 . 0 0 4 - 0 . 0 4 5  1 VHITNEY AJ 55( 1 139) , 230
3 1930.  60 10 0 . 0 0 4 - 0 .0 8 1 7 ” HITNEY AJ 5 5 (11 89 ) , 230
32053.  6 100 0 . 0 04 - 0 .0 6 2 3 "Oil TNEY AJ 5 5 (11 39 ) , 230
3 2 3 5 3 .3 4 0 0 0 . 0 0  4 - 0 . 0 6 1 6 VHITNEY AJ 5 5 (1 1 39 ) ,230
32 4 31 .33 5 0 0 . 00/1 - 0 .0 5 6 2 "'THITNEY AJ 55( 1 189) , P . 230
32 73 6 .3 37 0 0.  0 04 - 0 .0 49  2 I TNEY AJ 55 (1 1 39 ) ,23 0
3 23 0 6 .7 49 0 0 . 0 0 4 - 0 .0 4 3  5 VU TNEY AJ 5 5 ( 1139) , 230
33 05 8 .3 92 0 0 . 00/1 - 0 . 0 4  64 5Vi I TNEY AJ 55(1139 ) , 230
33 15 1 .7 91 0 0 . 0 0 3 - 0.0/133 ''HI TE AN 62( 1254) , 372
3 3 4 6 3 .6 56 0 0 . 3 0 3 - 0 .6 4 3  1 '̂VU TE AN 6 2 ( 1254) , 372
33 50 6 .7 9  0 0 0 . 0 0 3 - 0 .0 3 9 3 "HITE 62( 1254) , 372
33539 .7390 0 . 0 0 3 - 0 .0 3 3 0 NHITE AN 62 (1254 ) ,37 2
3 3 9 6 4 .6 4  0 0 0 . 003 - 0 .0 3 3 3 '■'HI TNEY AN 62( 1 254) , 372
3 4 3 2 9 .5 9  2 0 0 . 003 - 0 .0 2 9 4 "HITNEY AN 62 ( 1 254) , 372
3459 1 - 69 20 0 . 603 - 0 .0 2 3  5 "HITNEY AN 6 2 ( 1254) ,3 7 3
3 4 6 3 4 .5 39 0 0 . 0 0 3 - 0 .0 2 7 3 "HITNEY . AN 62 (1254 ) , 373
350 19 .633 0 0 .003 - 0 . 0 1 7 0 'TH I TNEY AN 62( 1254) , 373
3 5 0 2 9 .6 3 9 0 0 .3 0 3 - 0 .0 1 9 2 "HITNEY AM 6 2 ( 1254) , 373
3 5 2 5 3 .5 6 5 0 0 . 0 0 3 - 0 .0 1 5 2 SZAFRANI EC SAC 28,  P. 1 08
3 5 2 6 3 . 5  190 0 .003 - 0 .0 1 4 3 SZAFRAiJI EC SAC 23, P . 1 03
3 5 3 31 .54  6 0 6 .003 - 0 .0 2 3 3 "HITNEY AN 62( 1 254) , 3 7 3
3 5 3 4 1 .5 1 5 0 0 .007 - 0 .0079 SZAFRAMIEC SAC 28,  P . 103
3 5 3 6 4 . 7 3 4 0 0 . 003 - 0 .0 12 9 "HITNEY AM 62( 1254) , 373
3 5 4 6 7 .5 3 2 0 0 .003 - 0 .0 13 9 ’■'H I TNEY AN 6 2 ( 1254) , 373
3 5636 .  5600 0 . 003 - 3 .0 04 8 "HITNEY î iN 62( 1254) ,37 3
3 5709 .73 30 0 . 3 0 3 - 0 .0057 VHITNEY AJ 6 2 ( 1254) , 374
3 5 7 2 6 . 3 6 6 0 0 . 007 - 0 .0 11 3 SZAFRANIEC SAC 28,  P . 1 03
3 53 02 .  63 2 0 0 .603 - 0 .0026 "HITNEY AJ 62( 1 254) , 3  74
3 6 0 1 1 . 6 9 7 0 0 .303 - 0 .0 0 3 3 "HITNEY AJ 62 (1 2 54 ) , 374
36164 .  3 1 50 0 . 0 0 7 0 . 0 0 0 0 SZAFRANIEC SAC 30,  P . 106
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CHRONOLOGY OF 127 OBSERVAT!ONS OF TVDRA

TCALC = JD 4 1 503. 4 655 + E * 2 . 8 0  68  7000

HELIOCEMTRIC 0-C
JULIAN DATE + / - RESI DUAL OBSERVER REFERENCE

19ZJ9 • 7650 0 . 0 0 1 0.71  15 SLOVOCKOTOVA ’•'AR.STAR 10.
M 9 3 5  .2250 0 . 0 0 1 -  1.2 159 POHL IBVS #443
1 659 1 . 0/150 0 . 0 0 1 1.3576 SLOVOCKOTOVA VAR.STAR 10.
18754 .3350 0 . 0 0 1 1.1009 POHL IBVS #443
19 077 .6600 0 . 0 1 0 1.0858 NULAND BAN 58
19 09 4 . 4 3  50 0 . 0  10 1 . 069 6 NULAND BAN 58
19097.2390 0 . 0 1 6 1.0667 NULAND BAN 58
19 125 .3610 0 . 0 1 0 1.0700 NULAND BAN 53
19 15 3 .4 2 3 0 0 . 0 1 0 1.0633 NULAND BAN 58
19 164. 6390 0 . 0 1 0 1.05 13 NULAND BAN 58
19 195. 5350 0 . 0 1 0 1.0723 NULAND BAN 58
1922 3.5700 0 . 0 1 0 1.0336 NULAND BAN 58
19237 . 6  190 0 . 0 1 0 1.0532 NULAND BAN 53
19 2 4 0 . 4  53 0 0 . 0 1 0 1.0853 NULAND BAN 58
19 2 5 4 . 4 5 4 0 0 . 0 1 0 1.0470 NULAND BAN 58
19 3 2 4 .6 2 6 0 0 . 0 0 1 1.0472 SLOVOCKOTOVA VAR.STAR 10.
19327 . 4270 0 . 0 1 0 1.0414 NULAND BAN 53
19327 .4347 0 .0 0 6 1.049 1 LEHNERT AN 4 59 6
19 338.6530 0 . 0 1 0 1.0449 NULAND BAN 53
19336.  3820 0 . 0 1 0 1 .052 1 NULAND BAN 53
19428.4640 0 . 0 1 0 1.0310 NULAND BAN 53
19 4/12. 53 10 0 . 0 1 0 1.0337 NULAND BAN 58
19 5 13.279 0 0 . 0 1 0 1.0262 NULAND BAN 53
1954 3.5330 0 .007 1.0234 POHL IBVS #443
19 5 4 3 . 5 4 3 0 0 . 0 1 0 1 .0284 NULAND BAN 53
19 546 . 34 80 0 . 0 1 0 1 .0265 NULAND BAN 53
19 5 6 0 .3 9  0 0 0 . 0 1 0 1 . 0342 NULAND BAN 58
19 6 16.499 0 0 . 0 1 0 1 . 0058 N U  LAN D BAN 58
19653 . 5990 0 . 0 1 0 1 .0027 NULAND BAN 58
19661.4120 0 . 0 1 0 1 .0033 NULAND B/iN 53
19672 .6330 0 . 0 1 0 1.0074 NULAND BAN 58
19 80 4.5 580 0 . 0 1 0 1 . 0045 NULAND BAN 5 8
19307 . 3570 9 .0 1 0 0 . 9 9 6 6 NULAND BAN 53
19 81 3.5 830 0 . 0 1 0 0 . 9 9 5  1 MIJLAMD BAN 58
1932 1 . 39 1 0 0 . 0 1 0 0 .9 9 6 3 NULAND BAN 53
19 85 2 .2 470 0 . 0 1 0 0 . 9 7 6 7 NULAND DAN 58
19 97 8 .5 535 0 .003 0 . 9 7 4 9 : LEHNERT AN 4 73 6
19 9 9 5 . 4 0 4 0 0 . 0 1 0 0 . 9 8 3 3 NULAND BAN 58
2 0 0 0 6 . 6 2 4 0 0 . 0 1 0 0 .9758 NULAND BAN 58
2 0 0 2 0 . 6 7  20 0 . 0 1 0 0 .9 3 9  5 NULAisID BAN 53
2 0 0 2 3 . 4 5 8 0 0 . 0 1 0 0 .9686 NULAND BAN 58
2 0 0 2 3 . 4 6 0 4 0 . 003 0 . 9 7  10 : LEHNERT AN 4 73 6
2 0 0 2 3 . 4 6 4  0 0 .003 0 . 9 7 4 6 HOFFMEISTER AN 472 3
2 0 0 2 6 . 2 3 2 0 0 . 0 1 0 0 .9 8 5 7 NULAND BAN 53
20037 . 49 1 0 0 . 0 1 0 0 . 9 6 7 3 HOFFMEISTER AN 4 72 3
20037 .49 50 0 . 0 0 1 0 .9 7 1 3 SLOVOCKOTOVA VAR.STAR 10.
20037 . 4979 0 . 0 1 0 0 . 9 7 4 2 : LEHNERT AN 4 78 6
2 0 0 4 0 . 2 9  10 0 . 0 1 0 0 .9  604 NULAND BAN 53

1C85)P32

1 (S5)P32



105

H E L IOCEÜTPIC 
JT’LIAM DATE + / -

0-C
DECIDUAL 0E3EDVED REFEREMCE

2 0 0 ^ 0 . 3G 1 G 0 . 0 1 0 0 .9 7 0 4 HOFFMEISTER AM 47 23
20 0 5/-J. 3 3 50 0 . 0 1 0 0 .9 7 0 0 MIJLAMD DAM 58
2 0 0 5 4 .3 4 2 0 0 . 0 1 0 0 .9  770 HOFFMEI STER AM 4 7 23
2 0 0 6 5 .3 8  1 0 0 . 0 1 0 0 .9 8  17 HOFFMEI STER AM 4723
2 0 1 2 1 .6 8 9 0 0 . 0 1 0 0 .9 5 9 2 'J I JLAMD DAM 53
20 138 .5260 ( ^ . 0 1 0 0 .9 549 MIJLAMD DAM 53
20169.  40 1 0 0 . 0 1 0 G.9 544 MIJLAMD DAM 53
2 0 1 6 9 .4 0 7 0 0 .0 0 7 0 .9 6 0 4 POHL IBVS /}f44 3
2 0 2 3 9 .5 7  60 0 .008 0 .9 576 MIJLAMD DAM 58
2 0 2 4 2 .3  79 0 0 . 0 1 0 0 .9 5 3 7 MIJLAMD DAM 58
20259 .4  130 0 . 0 1 0 1.1465 MIJLAMD DAM 58
2027 0 . 447 0 0 . 0 1 0 0 .9 5 3  1 MIJLAMD DAM 58
2 0 3 5 7 . /13 30 0 . 0 1 0 0 .9 2 6  1 MIJLAMD DAM 5 3
2 0 3 8 5 .5 0 2  0 0 . 0 1 0 0 .9 2 6 4 MIJLAMD DAM 5 3
20 4 58 .48  5 0 0 . 0 1 0 0 .930 3 MIJLAMD BAM 58
228 10. 3930 0 . 0 1  0 0 . 6 8 6  7 POHL IDVS jt'443
230 15 .2720 0 . 0 0 1 0 .6 5 9  2 SLOUOCXOTO'Ul \'AR . S T AR 1 0 . 1 C85)P32
237 T1. 3240 0 . 0 1 0 0 .6 0 7 4 POHL IDWS A443
24 5 6 7 .3  420 0 . 0 0 1 0 .5 3 0  1 SLOVOCKOTOVA \7AR. STAR 10 . 1 C35)P32
24 7 4 6 .9 5 8 0 0 . 0 1 0 0 .5 0 6 4 POHL IBVS #443
2 5 3 6 4 . 4 3 8 0 0 . 003 O'. 47 50 MEROEMTALER A. / i .  1, P. 36
26627 .4220 0 . 0 1 0 0 .3 6 7 5 POHL I3VS #44 3
2 7 6 2 9 .4 1 4 0 0 . 00/1 0 .3 06 9 POHL IBVS #443
2 7 7 2 4 .8 2 5 0 0 . 0 0 1 0 . 23 4 3 SLOVOCKOTO^^A iViR.STAR 10 . 1C 3 5 ) P32
3 28 2 4 . 6 5 1 0 0 . 0 0 1 0 . 0 2 7 5 SLOVOCKOTOVA VAR.STAR 10 , # 1 C 3 5 ) 3 2
3 3 0 6 0 . 4  270 0 . 0 1 0 0 .0 2 6 5 POHL AM 2 79, P. 173
3 3 2 6 5 .3 0 8 0 0 . 0 1 0 0 .0 0 6 0 POHL AM 2 79, P. 1 73
333 10 .2380 0 . 0 1 0 0 .0 2 6 0 POHL IDVS #443
3 3 3 10 .2420 0 . 0 1 0 0 .0 3 0 0 POHL AM 2 79, P. 178
33 3 2 4 . 2  640 0 . 0 1 0 0 .0 17 7 POHL AM 2 79, P. 173
33 4 3 6 .5 5 1 0 0 . 0  10 0 .0299 POHL /AJ 2 79,  P. 1 73
33 43 6 - 559 0 0 . 0 1 0 0 . 0379 DOMKE AM 2 79, P. 173
3 3 5 0 9 . 5 2 5 0 0 . 0 1 0 0 .0 2 5 3 DOMKE,POHL AM 23 1C 3 ) , P. 114
3 3 70 0 .3 8 6  0 0 . 0 0 1 0.019 1 DOMKE,POHL,JAHM AM 23 1C 3 ) , P. 114
3 3 7 4 5 . 3 1 3 0 0 . 0 0 1 0 .0 3 6 2 DOHKE,POHL,JAHM AM 23 1 C 3) , P.  114
3 3 7 5 6 . 5 3 3 0 0 . 0 1 0 0.023  7 DOMKE AM 28 1C 3 ) , P. 114
33 7 59 . 3 40 0 0 . 0 1 0 0 .0 28 8 POHL IBVS #443
3 3 7 9 8 .6 3 7 0 0 . 0 0 1 0 .0  29 6 SLOVOCKOTOVA VAR.STAR 10 ,#  1 C8 5 )32
3 3 8 8 8 .4 5 7 0 0 . 0 0  1 0 .0 2 9 8 DOMKE,JAHM AM 2 3 1 C 3 ) ,  114
3 39 4 7 . 3 8 9  0 0 . 0 1 0 0 . 0  175 DOMKE AM 23 1 C 3) , P. 114
3 4 0 7 9 .3 2 2 0 0 . 0 0 1 0 .0 2 7 7 POHL AM 282,  P. 23 6
3/1135.4610 0 . 0 0 1 0 .0 2 9 2 POHL AM 23 2, P. 236
3 4 1 6 3 . 5 3 3 0 0 . 0 0  1 0 .0 3 2  6 DOMKE AM 282,  P. 236
3 4 2 0 3 . 4 3 8 0 0 . 0 1 0 0 . 0 2 7 6 POHL IBVS #443
342 53 .3 3  50 0 . 0 0 1 0 .0 1 4 7 POHL AM 232,  P. 236
3 4 4 5 5 .4 3 5 0 0 . 0 0  1 0 . 0 2 0  1 POHL AM 232,  P. 236
34 5 4 2 . 4 6 0 0 0 . 0 0  1 0 . 0 3 2  1 DOMKE AM 282,  P. 23 6
3 4 8 7 6 .4 6 8 3 0 . 0 0 1 0 . 0 2 2 9 POHL AM 23 6 , P. 2 10
3 5 2 8 3 . 4 7 7 0 0 . 0 0 1 0 .0 3 5 4 POHL A.M 23 5, P. 163
3 5 3 7 0 . 4 8 5 0 0 . 0 0 1 0 . 0 3 0 4 RUDOLPH AM 2 8 5 , P. 163
35951 . 5 100 0 . 0 1 0 0 . 0 3 3 4 POHL IBVS #443
3595 1 . 5120 . 0 . 0 0  1 0 .0 3 5 4 QUESTER AM 2 8 5 , P.  163
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JULIAM DATE + / - RESIDUAL OBSERVER REFEREMCE

3 6 1 1 1 .5 0 1 0 0 . 0 0 1 0 .0 32 8 RUDOLPH /'uM 23 5, P. 1 63
36 1 2.3 . 3350 0 . 004 0 . 0 2 5 5 AFRAMIEC SAC 30, P. 1 0 7
3 6 3 5 5 .3 3 50 0 . 0 0 1 0 . 0 4 6 2 : BRAUME AM 2 8 6 , P. 2 1 0
370 15 .3030 0 .0 14 0 . 0 2 7 6 32 AFRAUIEC A. A. 13.1
3 7 17 2 .4 3  7 0 0 .003 0 . 0 2  19 f l i :j A. A. 17, P. 61
33 539  ̂445 1 0 . 0 0 1 0 . 0 3 4 3 : J0BGEHS>KRAU5S Aî'J 289 #4, P . 19
33 539 .4451 0 . 0 0  1 0 .0 3 4 3 UURHBERG IBVS #443
3367 1 . 3693 0 . 0 0 1 0 . 0 3 6  1 MURUDERG IBVS #443
3 3 9 9 1 .3 4 5 5 0 . 0 1 0 0 .0 2 3  6 K I 2 ILIRMAK AM 23 9 #4, P . 1
39 0 3 3 .4 520 0 . 003 0 . 0 3 2  1 S2AFRAMIEC A . A . 16, P. 158
3 9 2 6 6 .4 2 4 5 0 . 0 0  1 0.03/14 HTTB5CHER, BRAUME AM 29 2, P . 135
3 9 3 0 5 .3 3 9 0 0 . 0 0 1 0 . 0 2 9 9 SCHUBERT AM 29 2, P. 185
3 9 9 6 2 .5 2 1 0 0 . 0 0 1 0 . 0 2 7  1 SCHUBERT AM 29 2, P. 185
39 9 7 9 .3 5  15 0 . 0 0 1 0 . 0  164 POHL IBVS #45 6
4003 0.  399 5 0 . 0 0 1 0.0171 GUDUR,IBAMOGLU I 3VS #4 56
/( 0 3 2 4 .6 0 4 0 0 . 0 1 0 0 .0 2 3 9 BORTLE I BVS #795
4 0 3 3 3 .6 3 0 0 0.  003 0 . 0 1 5 6 BORTLE IBVS #79 5
4 0 4 3 9 .6 7 2 0 0 .0 03 0 . 0  1 0 2 MOMSKE IBVS #795
4 04 7 3 . 3 5 2 0 0 . 0 0 1 0 .0 0 7 8 POHL,MEIER I BVS #456
4 0 3 7 7 .5 3 9 0 0 . 0 0 1 0 . 0  0 5 5 EMDRES I BVS 27, #530
4 1 0 6 3 .4 06 6 0 . 0 0  0 0 . 0060 B A TT IS TIM I , BOMI IBVS #3 1 7
4 1 357 .5200 0 . 0 1 0 0 . 0  117 KLIMEK IBVS # 637
4 1 39 5 . 4670 0 . 0 0 2 - 1 . 3374 BATTIST I M I , BOMI IBVS #8 1 7
4 1 5 0 3 . 4 6  55 0 . 0 0  1 0 . 0 0 0 0 GROBEL IBVS #937

0 . 0 0 0 0 0 . 0 0 0 -  1 . 08 57
4 17 6 4 . 5 0 0 0 0 . 0 0 1 — 0 . 0  04 4 GROBEL IBVS #937
4 2 2 5 3 .5 0 3 2 0 . 0 0 1 - 0 . 0  103 : EBERSBERGER IBVS #1053
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CHPOr^OL 0 0 Y or 32 ODSLHP/.T I 02’S OF T X H p. 108

TCALC = JD 4 113 2 . 45 11 + L * 2 . 0 9 3 10 0 0

' lELI OCZMTP.I C 0-C
J V L I / r j  DAT F + / - PLSI DUAL ODSORVrP EEFEDEMC

1 3 9 6 7 . /1064 0 . 0 0 1 0 . 0  06 1 LAZZAPI MO AM 4 7 11
193 4 0 . 2 3 3 0 0 . 0 0 1 0 . 9 0 7  1 DAL AM O''SKY AM 5159
19 6 3 6 . 2 7 6 0 0 . 0 0 1 9 . 0 0 2  1 DALAMO’-'SLY AM 5 159
19 96 4.  3 4 4C 0 . 0 0 1 - 0 . 0 0 4 3 LAZZAPIMO AM 47 11
19 9 9 9 . 3 6 3 0 0 . 0 1 0 0 .0 02 9 'J ALAMO’-'SKY AM 4 7 69, P . 232
2 0 0 3 6 . 4 4 0 0.031 0 . O' 0 5 4 DAL/iMO’^SKY AM 5 159
2 0 0 6 3 .2 2 40 0 . 0 0 1 0.0 04 3 2 ALAMO"SKY AM 5 159
229 6 9 .3  1 40 0 . 0 0 1 0 . 0 0 2  0 AM 5159
3 3 7 7 9 . 4 9 6 2 0 . 0 1 0 0 . 0 0 2 0 DOMKL AM 2 3 1 ( 3 ) , P. 114
33349 . 63 1 0 0 . 0 1  0 0 .0 0 3 5 DOMKE AM 2 3 1 ( 3 ) , P. 114
3333 0 .4  4 00 3 .0 1 0 0 .0  154 JAHM AM 2 3 1 ( 3 ) , P . 114
3 3 3 3 2 .4 9 3 0 3 .031 0 .0 1 3 5 J AH M, DOMKE AM 2 3 1 ( 3 ) , P . 114
339 11.3 3 00 0 . 0 1 0 0 .0 33 2 DOMKE AM 2 3 1 ( 3 ) , P. 114
3 4 I 19 .3760 0 . 0 0 1 0 .0 1 3 4 DOMKE AM 2 3 2, P. 23 6
3 4 12 1. 420 0 3.001 0 .0 0 3 6 DOMKE AM 23 2, P. 23 6
3 4 7 7 . 7 '7 e 0 0 . 0 0 2 0 .0 0 0 4 FITCH AJ 69, F. 3 1 6
3 4 3 . 4 4 6 0 0 . 0 0 1 9.3 91 3 DO'IKE /iM 23 2, P. 236
3 5 2 2 7 . 6 6 0 0 0 . 0 0 1 0.  0 39 6 LICHTEMKMECKTED AM 23 5, P. 1 63
3629 6 . 5930 0 . 0 0 1 9 . 9 1 1 2 DM.'DOLPH A'J 2 3 6 , P. 2 I 0
3632":;.416 0 0.301 - 0 . 3 3 3 1 PTTDOLPH AM 23 6 , P. 2 1 0
3737 4 .3 9 7 0 9 .001 0 .0 00 3 FE2MAMDES AM 233,  P. 1 7 0
33 22 0 .4 43 0 0 . 0 0 l 0 .0037 POHL AM 23 3, P. 7 1
399 79 . 130 0 . 0 0 1 - 0 . 0 0 4 1 OU CUP. IEM5 A456
4 0 0 0 3 .3 5 7 3 0.031 - 0 . 0 0 2 1 OUD\TR I DUS #456
4033 9 . 4 2 3 2 0 . 0 0 1 - 0 . 9 0  11 OUDPP IDES #45 6
4 0 4 2 6 . 0 1 5 0 . 0 0 1 0 .0 0 0 7 HOLZL I LUS #4 56
/I 0 7 3 5 . 4 7 1 4 3 . 30 1 - 0 . 0 0 0 9 DALTISTIMI IBUS #9 5 1
403 3 4 .3 4 3  1 9 .001 - 0 . 0 0 0 1 YILD IZ I EUS #53 0
A! 13 2 . 4 51  1 0 . 0 0 1 0 . 0 300 HALT IST IM I IBUS #951
4149 I . 42 2 3 9.001 - 0 . 0 0 0 3 0 AM E A I BUS #93 1
42 2 7 9 . 3 0 3 0 0 . 0 3 1 - 1 . 0 2 63 : I LAM0 0 LU,LEEDS IBUS #1053
4 2 2 3 0 . 3 3 3 2 0 . 0 0 1 0 .0 0 3 4 oudt;p. IB'/S #1053
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c h r o :j o l o CY o r  5 O B S C r V A T I O M S or T/vHE2 110

T C A L C  = J D  4  1 7 6 8 . 4 6 7 4 + E *  2 . 0 5 9 8 1 0 0 0

H E L I  OCET Ï TRI  C 0 - C
J R L I A M  DAT E + / - RDS I  DUAL OBS ER VE R R E F E R E N C E

1 9 6 3 9 . 9 2 6 2 0 . 0 0 1 “ 0 . 0 0 2 4 L A Z Z A R I M O /iM 4 7 11
3 /4/499  . 4 M 0 0 . 0 0 1 0 . 0 1 6 1 JAHM AM 2 8 2 ,  P .  2 3  6
4 M 5 5  . 3 7 6 7 0 . 0 0  1 0 . 0 0 0 4 P EX U M L U I BVS / i ' 937
4 1 4 9  2 . 4  5 3 0 0 . 0 0 1 0 . 000 1 P EK U M LU I B V S  # 9 3 7
4 1 7 6 3 . 4  6 7 4 0 . 0 0 1 0 . 0000 I B A M O G L U I B V S  #9 3 7
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CHRONOLOGY OF 15 03SERVATI0NS OF ZOP.l  

TCALC = JD 37267 .  5240 + E 4= 5 .223  29 0 0 0

112

HFLIOCEMTRIC 
JULIAN DATE + / -

0-C
RESIDUAL OBSERVER REFERENCr

27 45 0 .1 4 3  0 0 . 0 1 0 0 . 0 0 7  5 LAUSE AN 260, P . 292
2 7 4 5 5 .3 3 7 3 0 . 0 1 0 - 0 . 0 0  15 LAUSE AÎJ 260, P. 29 2
2748 5 .3 42 0 0 . 0 1 0 0 .0 0 32 LAUSE AN 260, P . 292
275 16. 5350 0 . 0 1 0 - 0 . 0 2 3 5 LAUSE AM 260, P. 292
2772 4 . 7 0 3 0 0 . 0 1 0 0 .0 1 2 9 LAUSE AN 260, P. 292
2 7 8 7 0 .4 0 4 0 0 . 0 1 0 0 . 0 2 1 7 LAUSE AN 260, P. 292
28 0 2  6 .4  600 0 . 0 1 0 - 0 . 0 2 1 0 LAUSE AN 260, P . 292
2 8 0 7 3 .3 0 8 3 0 . 0 1 0 - 0.  0023 LAUSE AN 260, P . 292
2 3 0 7 3 .3 0 9 0 0 . 0 1 0 —0 .0 0 1 6 LAUSE AN 260, P . 292
28 1 5 1 . 3 1 50 0 . 0 1 0 - 0 . 0 4 4 9 LAUSE AN 260, P . 292
28 25 0 .2 26 0 0 . 0 1 0 0 . 0 0 3 6 LAUSE AN 260, P . 292
29 0 0 4 . 7  57 0 0 . 0 1 0 0 . 057 5 EOCHKORE^rA rAR.. STAR 1 5 # 4, P. 437
3 3 5 8 3 .6 2 3 0 0 . 0 1 0 0 . 0 2 8 3 BOCHKOREVA VAR . STAR 15,^4, P. 437
34 140. 3 59 0 0 . 0 1 0 0 .0 1 2 3 EOCHHOREVA WAR . STAR, 15#4, P . 437
3 7 2 6 7 .5 2 4 0 0 . 0 1 0 0 . 0 0 0 0 BOCHKOREVA VAR .STAR 1 5f̂  4, P . 437
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CHP.O'JOLO^Y OF 26 ODSEPVAT I 0r:3 OF ATFZG 

TCALC = JD 4 2 6 4 5 .7 6 6 2  + E * 1.146G96CC

114

HELIOCEMTaiC 0-C
JTTLIArj DATE + / - EES I DUAL ob s e e v e e REFERENCE

3 3 5 0 4 .5 2 5 0 0 .0 0  1 0 . 0205 DOMKE,POCHEE AN 23 1 ( 3 ) ,  P. 115
3 3 5 5 6 .3 3 7 0 0 .0 1 0 0 .3 15 9 DOMKE AN 2 3 1 ( 3 ) ,  P.  115
3 3 3 3 3 .4  630 0 .0 1 0 0 . 0 1 6 3 DOMKE AN 2 3 1 ( 3 ) ,  P. 115
3 4 2 7 2 .4 06 0 0 .0 0 1 0 .0171 POHL AN 232,  P. 236
3 4 3 0 3 .3 5 0 0 0 .0 0 1 0 . 0  165 DOMKE AN 232,  P.  236
350 19.6660 0 . 0 0 4 0 . 0 2 2 5 ’^HITMEY AJ 62( 1254) ,  P • 373
3 5 0 3 4 .5 7 2 0 0 .0 0 4 0 .0 2 9 3 'VII  TNEY AJ 6 2 ( 1 2 5 4 ) ,  P. 373
3 5 3 3 2 .5 4 5 0 0 .0 0 1 O .C 173 JAHN,RUDOLPH AN 23 5, P. 164
35333.  7 100 0 . 0 0 4 8 .0 2 3  6 ’■VHITNEY AJ 6 2 ( 1 2 5 4 ) ,  P. 3 73
3 5 7 2 6 .3  100 0 .0 0 3 0 . 0 2 5 3 ’■Vi I TNEY AJ 62( 1254) ,  P. 373
3 6 0 6 5 .5 2 7 0 0 .0 01 0 .0 1 4 3 RUDOLPH AN 285,  P. 164
36 100 .4340 0 .0 0 1 8 .0 2 2 0 LICHTENKNECKE AN 23 5, P. 164
36 1 06.  4 54 0 0 .0 01 8 . 0  193 RUDOLPH AN 28 5, P. 164
37 17 5 .473  0 0 .0  03 8 .0 23  0 FL I A.A.  17, P. 62
37 5 4 4 .507 0 0 . 0 0 6 8 .0141 KUBICA A.A.  17, P. 62
3 7 5 4 4 .5 1 5 0 0 . 006 0 .0 2 2  1 KU8MINSKI A. A. 17, P. 62
3 7 8 7 2 .3  190 0 .0 0 1 0 . 0 4 2  6 POHL AN 283,  P. 7 1
3 7 9 0 4 .4 0 2 0 0 .0 0 1 0 .8 34 9 KIZILIRMAK AN 28 8,  P.  7 2
379 1 1 . 2870 0 .0 0 1 8 .0 4 3 3 ASLAII AN 28 6, P. 7 2
38 23 6.  347 0 0 . 0 81 0 ,0 3 7 8 BECKER AN 23 3,  P. 7 2
39 337 . 4060 0 .0 01 - 0 . 0 0 9 3 : BEAUNE AN 29 2, P. 137
4 0 4 0 7 . 4  380 0 .0 0 1 - 8 . 0 0 2 6 IBAMOGLU IBVS A 456
4 0 4 3 6 .3 6 3 0 0 .0 0 1 - 0 . 8 0 2 3 I BAN00LU IBNS ^456
4 0.6 77 . 3370 0 .0 0 1 - 0 . 0 0 3  1 ENDEES,SENGONÇA IBVS 530
41 6 6 1 .2 7 2 9 0 .0 0 1 0 . 003 1 AL KAN IBVS #937
4 2 6 4 5 .7 6 6 2 0 .001 8 .0 0 0 0 DOOLITTLE BLUE NT. OBSERVATOR’



APPENDIX 2 

FORTRAN CODE LISTINGS

The Fortran codes l is te d  in th is section are stored on magnetic 

tape a t 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.
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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 f i l e  containing the information exhibited in appendix 1 is cre­

ated by the in i t i a l  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.



 ̂ F TLr:H3 . F , 117
G T H I S  PROGRAM C R h A T t S ,  T E S , AND M 0 D I F T F S F C L I p STNG B I N A R Y
C O l s F R V  AT I  ON F I L f S .  PRFS^ ' NT  MAXI MUM NUMOFR OF F m T p i FS j S 7 0 0  .

D ODDL E  P R E C I S I O N  T T,  P E R I O D , !  NFW , T Cn .  C K , T S A \ / E , p o U M , T 1 , T 3 B , F N  
1 , T C A L C , D F l T i S A V T
n l M E N S  I O N  TT ( / 0  0 )  , D O g S ( 7 Q O ) ,  S A V T ( 7 0 0 )  , H o L o ( 70 0 * , N F P O C H ( 7 0 0 )
1 , OP t 7 , 700  > , 00 NEW ( 7)  , S AvO ( 700  ) , S A \ /0 Ô ( 7 , 7 0 0 ) , I  0 ( ? 0 ) ,
2 0 D I N P T ( 7 ) , O B L A S T ( 7 )
BL A N K = '  '
I C O U N T = 0  
I T A e = o
DO i n  1 = 1 , 70  0 
TT ( I ) = 0  .
DO B S ( I ) = 0  .
S A V T { I ) =0 .
H O L D ( I ) = 0 .
NE P O C H ( I )  = n 
SA v n (  I  ) = 0  .
0 0  10 M = 1 , 7  
0 3  ( M, I  ) = B L A N K  

10  S A V O B ( M , I ) = B L A N K
0 0  20  1 = 1 , 7
OBKEW ( I  » = BLA NK 
0 J I N P T  < I ) = B l  AnK 

2 0 OB L A S T  ( I ) =BL ANK
T Y P E  30

30 F O R M A T ( '  S P E C I F Y  F I L E  N A ME î ' * Î »
a c c e p t  4 0 . F I L E  

4 0  F O R M A T ( A 5 )
T Y P E  5 0

50  FORMA T ( '  C R - A T f  NEW F I L E ( 0 ) 7 '  UPDATE F T L E t l ) ? ' / ,
1 '  c h a n g e  L I N E A R  E L E M E N T S ( - 1 ) 7 ' )
A C C E P T  (S0 , T L E  

6 0  c ORMA T ( I )
I F ( I L E ) 2 3 0 , 7 0 , 2 3 0

C + f  f  4 f +  +EN TER New f i l e  + + *̂  + 4̂ + 4̂ +*  ̂F + + + + + + + + + + + + + + + + + +
70  T Y P E  AO
80  FORMA I  ( '  S P E C I F Y  NO.  OF 0 3 S E R V A T I O N S  '  )

ACCE P T  6 0 , I M A X  
T Y P E  g o

go  f o r m a t t '  e n t e r  f p h e m e R a l  j d î ' , $ )
A CCE P T  1 3 0 , T i  
T Y P E  1 0 0

1 0 0  F O R M A T ( '  e n t e r  T I M e S OF M I N I M A  I N  C HR ON OL OGI C A L  O R D E R . ' )
TT Pu 1 1 0

1 1 0  f OR m A T ( '  O B S E R V E R S  NAME MAy  B e 15  L E T T E R S  M A X I M U M . * . , /
1 '  RE F F RF NCE  NOTF m AY BE 20  L E T T E R S  M A X I M U M , * , /
2 * < CR>  MAY BE USED WhEN I N P U T  I S  SAmF AS F q R  p R E C E d I N S  E N t R Y . * )  
DO 2 1 0  1 = 1 , I M A X
t y p e  1 2 0 , 1

1 2 0  F O R M A T ( / I 5 , '  E NT ER J D : * , S )
a c c e n t  1 3 0 , T T ( I )

1 3 0  F O R M A T ( D )
T Y P F  1 40

1 4 0  F O R M A T ( '  E NT E R A C C U R A C Y ( D A Y S ) : ' , T)
a c c e p t  1 5 0 , D I N P T  

1 5 0  F O R M A T ( F )
DO B S ( I ) = n i N P T
I F ( D I N P T . L T . 0 . 0  00 0 1 ) D O B S ( I ) = D O B S ( I - 1 )
T Y P E  1 6 0



I b u  h OR MA F C »  fcMTER 0 3 S t f ? V F R  NÛ H E • * , /  I  ^  X t '  < M  l i f t
ACCEPT  1 7 0 i ( O d I N P T ( M j , M - j _ , 3 )  
format  (4A 5)
00  18  0 M = i , 3
Of i  ( M , I )  = Ot J I NPT  (M )
I F  ( 0:3 I N  F t  ( 1 ) . E Q . 3 L A N K ) n d ( M , t ) = 0 B ( M , I - l )
c o n t i n u e

1 7 0

1 8 0  c o n t i n u e  
T Y P E  1 9 0 TY P E  1 9 0

1 9 0  F O R M A T ( '  ENT ER R E F E R E N C E . ' , / 2 0 x ,  '  < ' )
a c c e p t  1 70  , ( O B I N P T  ( M)  ,  M = £* , 7)
DO 2 0 0  M = 4 , 7 
0 3  ( M , I ) = O g T N P T ( Mj
I F  < 0 0 1 N P T ( 4 )  . E 0 . 3 L A N K ) 0 n ( M , I > = 0 P ( M , I - l )

2 0 0  C O N T I N U E
2 1 0  C o n t i n u e

t y p e  2 2  0 , ( T T ( I I , D O b S ( i l , ( 3 B ( J , I » , J = l , 7 ) , I = l , I M A X )  
2 20 f o r m a  T ( / / / / 7 n 0 ( D 2 0 . i n , F 1 0 . 5 , 2 X , 3 A ' 5 , ? X t 4 A 5 / n

GO TO 5 4 0
C + + f + + + f R E C A L L  e x i s t i n g  F I L E  + + + f
2 3 0  C A L L  I F I L E < 1 , F I L E »

R E a n ( i , F , 3  0 ) ,  I  Ma x , p e r i o d , t i  ,
1 ( NE P QC h ( I ) * I T ( I ) . D O B S ( I ) , H O L O ( I )
F a i l  n F T i  r - f i . ' F T i  n A u ' ^ i

t ( O B ( J , T )  f j  — I t  7)  f l —I f T M A X )

2 40

' V u  n  * & ; ? '  ' «I .»
C A L L  O F I L c  ( I t  ' F I L R A K M  
W R I T E ( 1 , 6 3 0 )  t I M A x t P E R I O n ,  T l ,
1 ( N E P O C H ( I ) ,  I T ( I )  , n O B S < I ) , H 3 L n ( I )  , ( 0  3 ( J , T )  , J - l ,  7) , I = l t l M A X )  
END F I L E  1
TY P E  2 4 Q , F I L F t I M A X , r i , P F R I O O
F O R m A T C '  F I L E  A S ,  '  C O N T A I N S ' , I S , '  OPSERV A T I O N S '  ,
1 7 *  I C A L C = ' , F 1 2 . 5 ,  '  + F * ' , -  1 2 . 9 )I C A L C = ' , F 1 2 . 5 ,  '  + F * ' t - 1 2 . 9 )
T Y P E  2 5 0

2 50 FORMA T ( '  NEW EPHEMERAL  J1 ( 1)  OR N O T < C R > ? %  D
ACCEPT  6 0 , NEPH 
I F  ( N E P H . E Q . O ) G 0  TO 2 6 0  
T Y P E  9 0  
A CCc . p t  1 3 0 , 1 1  

2 60 C O N T I N U E
I F  ( I L E . E Q  . - D G O  TO 5 4 0

C ...................D E L E T E  O B S E R V A T I O N .............................<CR> TO PROCFOc . .............................
T Y P E  2 7 0

2 70 F O R M A T ( / '  C A U T I O N :  D E L E T E  ONLY I N  A S C F N O I N G  O R D E R ? ' )
T Y P L  28 0 , ( I ,  T K I ) ,  1 = 1 ,  I  MAX)

2 8 0  F O R M A T ( / / / 7 0  0 ( I l O * O ? 0 .  1 0 / )  )
2 9 0  T Y P E  3 0 0
3 00 FORMA T ( / / '  l N T l R  I N D E X  OF L I N E  TO Be DELE Tc. 0 » ' ,  F )

a c c e p t  6 0 , i n d e x
I F ( I N D E X . E Q . 0 ) GO TO 3 3 0  
I N D F X = I N n F X - I C O U N T  
I M A X = I M A x - 1  
J T  0 P = I  MAX
I F ( I N D t i X . G T . I M A X ) J T O P = I N D i X  
0 3  32 0 J = I n 3 E X ,  J TOP
TT ( J ) = T T ( J +1 )
D O B S ( J ) = D O B S  ( J f 1)
DO 3 1 0  K = 1 , 7  

3 1 0  OB ( K , J ) = 0 8 ( < ,  J + 1 )
3 2 0  C O N T I N U E

i c o u n t  = i c o u n  T + 1
GO TO 2 9 0

C ................... E N T E R  NEW O B S E R V A T I O N  ............................ <CR> TO P R O C E D E ............ ..
3.30 T Y P E  340



.5'4 3 F 0 P M A T ( ' ENTF; ' ^.  NF W n i F v  A F % I N S  I M ANY n p i  F . * )
T Y P l  1 1 3  119
MNUM=0  

350  MN U M= MN U M+ i
t y p e  i ? n , M N J N  
A C C r P T  1.3 ü , T W 
I  F ( T N e w , L T  • 1 . ) GO TO 5 1 0  

C I N C L U D E  f o l l o w i n g  S T AT EMENT  I F  NEW Od SF RV A T l O N G  G I V E N  AS N . E . A .
C l N E W=  T N- W + 37  8 8 6 0  • 5 - * f  0 0 00 0 , 0

T Y P E  1 4 3
ACCEPT  1 5 0 , J I N P T  
D 0 B L S T = D G 3 N f W 
Oot ^NEW = D l N P T
I F ( D I N P T , L T . 0 . 0 0 0 0 1 ) n 0 3 N F W = 0 Q B L S T  
T Y P E  1 60
A CCE P T  1 7 0  , ( O O I N P T ( M )  , M = 1 , 3»
0 0 36 0 M = 1 » 3
0 3 l AS T <m ) = 0 0  NEW( N)
O O N b W ( M ) = O B I N P T ( N )
I F ( O B I N P T ( 1 )  . E Q . B L A N K »  09NEW(  M ) = 0 3 L A S T ( N )

3 6 0  C O N T I N U A
T YPE 1 9 0
ACCE P T  1 7 Q , ( 0 3 I N P T ( M ) , M = 4 , 7 )
□ 3 3 7 0  M = 7
o b l a s t  ( m > = 0 6 N F W ( M  )
O B N L W ( M) = O B I N P T ( M )
I F ( O B I N P T ( 4 ) . E Q . B L A N K ) 0 3 N E W ( M ) = 0 3 L A S T ( M )

3 7 0  C O N T I N U E
0 0  48  0 K = 1 , I  MAX
I F ( T T ( K ) . L T . T N E W ) G o T q 4 60
MC O U N T - 0
0 3  3 3 0  M = 1 , I  MAX
T C H c C K = O A B S (  T N t W - T T ( M )  I
I F  ( t CHECK . GT . P E R I O D )  GO TO 33f )
Me n UNT  = MCOUN T + 1 
1 0 ( M C O U N T ) = N  

3 8 0  C O N T I N U E
I F  ( MCOUNT . EO . 0 ) GO TO 4 2 0  
TV PE 390

3 9 0  F O R M A T * '  S I M T L l A R  M I N I M A ! ' )
T Y P E  40 0 » ( TT ( I D ( M )  ) , O O B S ( T D ( M ) ) .  ( 0 R l J , i n ( M ) ) , J = l , 7 ) » M = l , M C 0 u N T )  

4 0 0  F o R M A T ( e 0 ( F 1 2 . 5 , F 1 0 . 5 , 2 X , 3 A 5 , ? X , 4 A 6 / ) )
T Y P E  4 1 0

4 1 0  F O R M A T ( '  TYPE ( D  TO D I S R E G A R D  NEW E N T R Y ,  <CR> TO P R O C E D E ! ' , $ )
ACCEPT  6 0 , M G O  
I F ( M G O . E d . 1 > G O  TO 35 0 

4 2 0  c o n t i n u e
S a V I ( K ) = T N E W  
SA V O ( K ) = n O B N  EW 
0 0  43  0 M = 1 , 7

4 3 0  S A V 0 3 ( M , K ) = 0 BNEW( M)
'L3EG=K + 1 
I M A X = I M A X + 1  
Do 4 5 0  L = L B E G , I M A X  
SA V T ( L )  = T T ( L - l )
S A V D ( L ) = 0 0 9 S ( L - l *
0 0  4 4 0  M = i , 7  

4 4 0  S A V O B ( M , L * = 0 B < N , L - 1 )
4 5 j  C O N T I N U E

G3 TO 5 0 0



' i bO SA VT ( K » = TT ( <  )
S A V n ( K ) = O ü r l S ( K )  120
0 3  ^*70 M = l , 7

'+70 5 A V 0 0 ( l i , i < î = n B ( M , K )
4 80 C O N T I N U F

I M A x = I M A X + î  
SA V T ( I M A X ) =T NEW 
S A V 0 ( I M A X ) = ! ) 0 B N F W  
DO 4 3 0  M = l , 7

4 90 S A V 0 3 ( M , T M A x »  = OBNf W( H)
5 0 0  DO 5 2 0  1 = 1 , I MA X

I T  ( I ) = S A V T  ( I )
□ 3 0 S ( I ) ^ S A V 3 ( I )
□ 0 51 0 M= 1 f  7

5 1 0  O 3 ( N , I ) = s A V D 0 ( M , I )
5 2 0  C O N T I N U E

GO TO 3 5 0
5 3 0  T Y P E  2 2 0  , ( y r  { I )  , 0 0 8 S ( I ) T ( O B ( J , I ) , J =  1 , 7 ) , 1 = 1 1 I M a X )
5 4 0  T Y p L  5 50
5 5 0  FORMA T ( '  ENTER P E R I O O . M

a c c e p t  1 3 0 , P O U m  
I F  ( P 3 U M . E Q .  n .  0 ) GO TO 5 6 0  
PE R I O O = P Q U M 

5 6 0  C O N T I N U E
C ++. + *  + $ 4-L I  NEA R D E T E R M I N A T I O N  OF 0 - C  + + + +•+■ f +- + #■ + f  + 4- ++ + + +++-+■+ + + + + +- + +- ++  ♦ 
5 7 0  S J M = 0 .

T E S T = P E R I 0 d / 2 .
0 3  6 0 0  1 = 1 , 1 MAX
T 3 B = T T ( T )
N B E G = D A b S ( T O B - T l ) / p F R I o 3 - ^ .

C + + +4- + + +- CALCUL ATE T I M E  OF Ml  N I  MA »-+■+-+- + + +- + ++-+++- + + 4-+ + f + + «-1- + + + +4-♦ 4-f  f  4-4- ++-
0 3  5 3 0  N = N R F G , 1 0 0 0 0 0 0  
F n  = N
I F ( T O J . L T . T l ) F N = - F N  
N E P O C H ( I ) = F N  
T C A L C = T l + F N ^ P E R I O n  
n £ L T = D A O S ( T O B - T C A L C )
I F ( D E L T . G T . T E S T ) GO TO 5 8 0  
O M I N C =  T O b - T G  ALC 
G3 TO 5 3 0

5 80 C O N T I N U E
5 9 0  C O N T I N U E

H3 L P (  I  ) - O M T N C  
S U M = S U M + O M I N C * O M I N C

6 0 0  c o n t i n u e
F M A X = I M A X - 1  
O I V  = SQR T T S U M/ F MA X »  

c +4*- 4-4-f f O U  TPUT S T A GE  4- + f 4  + + f4-44-4 + 4, f4-4.4-4-+f4-44 + 4-44- f4 4-444+ + 44- + f 4 + 4 f 4 4 + 4 -
6 1 0  TYPE 6 2 0  , P E R  l O D , o r V
6 2 0  FORMA T ( 4 X ,  '  PER 1 0 0 = '  f 1 P O l 5 • 9 ,  '  G I V E S  M I N I M U M  RMS

l O F V I A T T O N = '  , 1 P E 1 2 . 6 )
C A L L  O F I L F ( l . F I L E )
P R I N T  2 4 0 , F I L E ,  I M A X ,  T l ^  (PERIOD 
P R I N T  6 3 0 , I M A X , P E R I O D , T l ,
1 ( N E P O C H T I ) ,  T T ( I )  , D O Q S ( I ) , H 0 L O ( I ) , { 0 3 ( J , I ) , J  = l , 7 )  , 1  = 1 , I M A X #  
W R I T E ( 1 , 6 3 0 )  , I  M A X , P E R I  0 0 , T l ,
l ( N L P 0 C H ( I ) , T T ( I ) , n 0  0 S ( I ) , H Q L n ( I ) , ( 0 3 ( J , I ) , J = l , 7 ) , I = l , I M A X )

6 30 F O R M A T ( 1 1 0 , 2 0 2 0 . 1 0 / , 7 0 0 ( 1 7 , 3 1 7 . 1 0 , F 8 . 5 , F 9 . 5 , 2 X , 3 A 5 , 2 X , 4 A 5 / ) )
6 4 0  END F I L E  1

END
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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 a ll  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 f i l e  through the execution of PERCHG.
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C COMpl JTF. ' ^  E C L I P S F  PE? 1 0 0  M I  ]  H G I V F S  A VF RAGF OF A L L
C 0 - C  v a l u e s  n e a r l y  FOUAL  f 0  7 ÇOQ,

i m p l i c i t  0 Ou BLE P P F C I S I ' ^ ’ U ( A - H t P - 7 )  
n i M E N S l O N  T T ( 8 0 0 ) * 0 0 ( 7 »
I : O U N T = 0
I l A B = Q  
T Y P E  10

10  F O R M A T ( '  s p e c i f y  F I L E  N A M E ! ' * Î »
A C C E P T  2 0 , f i l e  

20  F O R M A T ( A S »
c a l l  I F I L E ( 1 , F I L E »
RE A 0 ( 1 , 1 4 0 )  , I M A X , P E R I O D , T l ,
1 ( 0 U M , T T ( I ) , 0 U M , D U M ,  ( 0 0 ( J » , J = 1 ,  7) , 1  = 1 , 1  MAX »
T y P E  3 0 , F I L E  , P E r I  0 0 ,  I  M A X

Î O FORMA T ( '  I N P U T  F I L E  ' ,  AS,  '  W R I T T E N  WI T H P E R I  0 0 = ' , I P O 1 S . 9 , /
1 '  a n d  C O N T A I N S  ' , 1 3 , '  TI MES OF M I N I M A . ' »
P E R I O O  = PER 1 0 0 * 1  . 0 0 0 4
I P E R = P E P I 0 0
P E R I 0 0 = I P E R
P E R I  0 0  = ^ F R I  0 0 ^ 1 . 0  0 - 0 4
l i n e a r  D E T E R M I N A T I O N  OF 0 - C
I S T Q P = 0
P F R s T P = 1  . O E - 0 4  

4 0 S J M = 0 ,
T E S r = P E R I O n / 2 .
0 0  70  1 = 1 , I MA X
T 3 B  = TT (T )
N3 EG = O A B S ( T O t 3 - T l )  / P E R I  0 0 - 2  • 
c a l c u l a t e  T I M E  OF M I n I MA  
03  50  N - N 3 E G , 1 0 0 0 0 0  
FN = N
I F ( t o b . l t , I 1 » F N = - F N  
T C A L C = T 1 + F N * P E R I O O  
0 £ L T = 0 A i 3 S ( T 0 B - T C A L c »
I F  ( O r L T . G T , T E S T » GO TO 5 O 
□ l F = T n B - T C A L C  
GO TO 60  

5 0  c o n t i n u e
6 0  C O N T I N U E

SUM=SUM +0 I F  
7 0  C O N T I N U , .

I S e N S f  = 1.
I F  ( S U M . L T  . 0 .  » I S F N S E = - 1  
I F < I S T o p . E Q . O > L s E N s E = I S F N S e 
I S T O P = I S T O P + 1 
I F ( I S T O P . l t . 1 0 0 »G0 TO 90 
T Y P E  8 0

8 0  F O R M A T ( '  STOPPED AT 1 0 0  T R I A L S ' )

S T OP
3 0  C O N T I N U F

Pg  = PO 
PO = P E R I  00 
S q = s n
SQ =SUM
T Y P E  1 0 0 , I S E N S E , L S E N S E , P E R I 3 D , S U M  

1 0 0  F O R M A T ( 2 1 5 , 2 ( I P O 2 0 . 1 2 » »
I F ( I S F N S E . E 3  . L S f NS E ) GO TO 1 10

P i R I o O = p l R I O O - 1 . i * p e r s t p
P E R s t P = P E R S T P / 1 0 .



1 1 0  P N F W r P E ' ^ I  OUf  P F RS T P
SLNUzP&PSTP
I F ( S E N O . L T . i . É - 1 0 »&0 TO i ? n
P E p i O n = P N F W
GO TO 40

^ O U T P U T  S T A G F  4̂ + + f  4̂ l - ♦ + f  f  4̂ f  ^ 4̂ ♦ f  4-+ 4^+♦ f  f  + ♦ 4̂ ^ + f  > f  f  «■ + ♦ f  ♦
1 2 0  T Y P F  1 3 0 , P 9 t S q , I S T O P
1 3 0  FORMAT ( / /  '  FK I  0 0=  '  , I P O l G  . 9 / ,  '  A B S O L U T E  O F V I  A T I  0N= '  ,

1 1 P 0 1 5 . 6 / , I G , *  T R I A L S . • )
1 4 0  F O P M A T ( I 1 0 , 2  02 0 ^ 1 0 / t 8 0 0 ( l 7 , 3 l 7 . 1 0 , F 8 . 5 4 F 9 . 5 , 2 ) ( , 3 A  5 4 2 X 4 V A S / ) )

ST OP
En H
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Program DETECT

This Fortran code is used to determine the detectab ility  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 s te lla r  system and 

the apparent visual magnitude of the vis ib le  central s ta r(s ). The out­

put is given in a data f i l e  which may easily be plotted on the Calcomp 

p lo tter as shown in figure 3.
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t' PROGRAM TC O E T L P M I N F  V I S ' J AL  OE T F C: F A P T L I  T Y OF COMP «NI  0N<; .
G S T E P S  t H R O i j S  h MA S S f S  F RO^  0 • Cl 1 T l  1 . f, 0 ( M / M S U N )  aNO
C F I  NOS S E P A R A T I O N S  ( A i j  ) A? WHI CH D t  TpCT A 0 I L  I T  Y I  NO&X 0 = 1 . 0 .

n i M F N S I O N  O O L M ( 1 0 * , 3 O L C ( 3 ] ) , F M A S S ( 1 5 0 ) , S F P A u ( 1 9 0 »
I t  FLM ( 3 0  > » ' ' L PH (.70 )
DATA B 0 L M / ? 2 . 0 , 1 3 , 1 , 1 2 . 0 ,  1 1 , 5 , 1 1 . 0 , 1 0 . 5 , 9 . 7 , ^ . 1 , 8 . 7 , 0 . ♦ , 7 . 0 , 7 , 5  
1 , 7 . 2 , 6 . 8 , G.  6 , 6 . 3 , 6 . 1  , 6 . 0  , 5 . 8 , 5 , 5 , 5 , 1  , 4 . 9 , 4 . 6 , 6 . 6 , 3 . 5 , 3 . 3 , 3 . 0  
2 , 2 . 4 , ? . 2 , 2 . 1 /
DAT A D O L C / - 5 . f l , - 5 , 8 , - 4 . 6 , - 4 . 0 , - 3 . 4 , - 2 . 9 , - 2 , 6 , - 2 . 3 , - 2 , 0 , - 1 , 7 1
1 ,  - 1 . 4 5 , - l . l 7 , - 0 . 8 9 , - 0 .  62 , - 3 . 5 0 , - 0 .  40 , - 0 . 3 0 , - 0 .  24  , - 0 . 1 9 , - 0 . 1 3
2 , - 0 . 0 9 , - 0 . 0 7 , - 0  , 0 6 , - 0 . 0 5 , - 0 . O f , , - 0 . 0 3 , - 0 . 0 1  , 0 . 0 1 , - 0 . 0 2 , - 0 . 0 3 /  
D A T A  F L M / - 3 .  0 , - 1 .  0 , - 0 .  8 , - 0 . 3 , - 0 . 4 , - 0 . 2 , - 0 . 0 , 2 34̂  0 . 0 /
DATA A L P H / 2 . 9 , 2 . 9 , 3 . 1 3 , 3 .  3 3 ,  3 . 7 5 , 4 . G , 4 . 0 , 2 3 » 4 . 0 /
T Y P F  10

1 0  FORMAT ( ' ENT ER O I S  T A N C E ( PC)  : * 3 )
A CCE P T  2 0 , n i S T  

20  FORMA T ( c)
T Y P E  3 0

3 0  F O R M A T ( '  E N T E R  A P P A RE NT  V I S U A L  MA G N I T U D E  AT
1 M I D - P O I N T  OF PRI MA RY  E C L I P S F : ' )
ACCEPT  20 , AP TMAG 
0 9  40 1 = 1 , 1 5 0
F I  = I
F M A S S ( I ) = F 1 * 0 . 0 1  
FL  OGM= A L OGI O ( F M A S S ( I )  )
D E T E R M I N E  D I F F L R E N C c  I N  MAG^I I  T U O i  
J =  7
C A L L  I N T R P ( F L M , A L P H , F L O G M , A L P H A , J )  
x l u m i  = f m a s s ( I ) ♦ ♦ a l p h a  
B 0 L M A G = 4 .  7 7 - 2 . 5 ♦ A L O G I O  CVL Dm ! )
J = 3 0
C A L L  I N T R P ( O O L M , B O L C , BOLMAG,  Qc , J »
A B M A G I = 9 0 L M A G f B C
A=»MAGI  = A B M A G - H - 5 . ^ A L O G 1 0 ( O t S T / i n . )
D E L M A G = A B S ( A P M a G I - A P T M A G )
S E P L O G = n . 2 ? ^ O E L M A G - 1 . 0  
S - P S E C = 1 0 . ♦ ♦ S E P L O G  
SE P A U ( I ) = SEP S E C * 0  1ST 

40  C 0 N T I  NU F
5 0  FORMA T ( 1 5  0 ( ?  F I  0 . 2 / ) )
C W R I T F  F I L E  FOR CALCOMC» O L I T T  E R ....................

C A L L  o F I L F  ( 1 , ' G R A P H '  )
WR I T E  ( 1 , 6 0  )

6 0  f o r m a t ( ' G R A p M O I ' , /
1 ' T I T L E 1 3 D E T E C T A B I L I T Y ' , /
? ' X A X I S 1 5 5 F P A R A T T O N  ( A U ) ' , /
3 '  Y A x I S 2 3 C O M P A N I O N  MASS ( M / M S U N ) ' , /
4 ' SPEC S O . 0 1 5 0  . 0 0 . 0  1 .  50 1 1 1 5 15  .  0 2 3 3 ' , /
5 ' DAT A 1 5 0  '  )
W( I T F ( 1 , 5 0 ) , ( F M A S S ( I ) , S E P A U ( I ) , 1 = 1 , 1 5 0 )
W R I T E ( 1 , 7 0 )

70  F O R M A T ( ' P L O T  0 2 0 1 0 7 ' , /
1 ' STOP '  )
e n d  f i l e  1
ST OP

S U B R O U T I N E  I N T R P ( X , Y , X 1 , F I , J )
C L I N F A R  I N T E R  P O L AT I  ON S U B R O U T I N E .
C J =  NUMBER OF E N T R I E S  I N  A R R A Y .



n 3 I V T N  APPAYS X ( N)  AMH Y f l ) ,  SÜ'^f^nUTTNP ' M L L F I N I  126
C FOR F ACM VAL UF OF X I  THf 3 OR RFS POND I N  G VAL'JF OF Y S'JCH
C H A T  F1 = Y ( X 1 ) .

O I M u N S I O N  X(  .30) , Y ( 30 )
TOROER^O
I F  ( y ( D , & r . X  ( J I ) I O R O F R  = l  
1=1

I Q  I F < l ORDF R .GT . 0 ) G 0  To 20
I F  ( X ( I + i  ) - X l ) 3 0 , 4 0 , 4 0  

20 I F ( X ( I f l ) - X I 1 4 0 , 4 0 , 3 0
3 0 1=1+1

I F  ( 1+  i - J >  10 , 40 , 40 
>+Q F l  = ( X ( I + l ) - X t ) » Y ( I )  + ( X l - X ( I ) ) ^ Y { I + l )  

F 1 = F 1 / ( X ( I + 1 ) - X ( I ) )
R Ç TURN 
END
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Program NTERAC

This code makes the dynamical calculations of the three-body mutual 

interaction model and displays the resulting lig h t 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 in i t ia l  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 orb it 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 in i t ia l  position 

through a converging iteration  of Kepler's Equation as described pre­

viously (eqs. 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 d ifferentia ting  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 

in i t ia l  rectangular position coordinates of the binary based on the 

three-body center-of-mass (eq. 2.27). Since the dynamical motion of the
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j'JX HT HR \G . F4 , T *40104 . RHI

RECTIN PAR>«\M MASS ZEROS

G(X)

DETECT INTRP

Cei CALCOMP 
PLOT 

UNIT 1o

DYNAMO

TYPE 
UNIT 8

DISPLAY 
UNIT 5

FUNCTIONS HISTRY

DISK 
F ILE  

UNIT 1

PRINT 
UNIT 9 NTRP

Fig. 15. Interaction model flow chart
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three-body system follows open paths rather than the constraint of 

orb its , the superpositioning of simultaneous two-body systems is used in 

subroutine PARAM only to define the in i t ia l  configuration.

A more d irect way of defining the in i t ia l  conditions of the system 

is to simply enter the position, velocity , and mass of each body through 

subroutine RECTIN. In practice, i t  is d i f f ic u l t  to choose a set of 

rectangular input parameters at random which w ill describe the in i t ia l  

conditions of a system which w ill  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 detectab ility  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 v isually . During the dynamical cal­

culations the separation of each companion from the central binary pair 

is repeatedly checked against i ts  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 a l l  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 l ig h t travel -  

time residual data. This is plotted on a CRT display along with the 

observationally-derived 0-C residual f i l e  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 f i t  by numerically comparing the model 

residual curve with the observations through the linear interpolation  

subroutine NTRP. An evaluation of how closely a simulated curve f i t s  

the system's past behavior guides in the selection of the input param­

eters for the next t r ia l  so as to achieve a better f i t .  The parameters 

which give a best f i t  are then considered to describe, based on the 

in i t ia l  assumptions, a possible multipi e-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 

t r ia l  as is shown in table 6. Also lis ted  in this log are the final  

rectangular parameters, which are useful i f  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 graphical display subroutine package P40104.REL.



T PI AL  n o , 127 _ _________ __________
n i P A o y  2 . L]  30"
DIST A N C T ( o r j  = 0 5 , 3 0
Apparent *'(0-itt'J0 5= 7,«ja
INCL I JA TI cr-C0'.r.» = fZ,  ]4

OIKARV 0R37TT 1 ____________________
O R G I T A L P l RI OO-  i 7 , j r 3 0 "
5 E M  -NA J09  ( Atj) = 1 .  130  j "
ECCENTRIC 17Y=__________ _____________ 0 . ngou' '
PtHia^S«^ PASSAGE (YR»= "  ' C.OOOCO
LOKGI TUCE Cr  o r o  ; APSE (PEG)  = 1 2 5 .  COCiuD

TABLE 6
TYPICAL JIODEL LOG 131

COMPANION OR'^TTI 1
COh'C* AN TON AlS= 0 . 2 9 7 2 1
CRPI TAL r ^ ' ^ I onCYR  1 7 . 0 0 C I  r'
SEM- ' - i A JOR A Y I S ( a i J » =  '  q . 1 9 1 7 0 '
ECCEMTPTSI ' ^Yt C. OJuLO

^ E R I A  = SE PASSAGE (Y? »=________ ______ C . T 0 3 3 r
LONGI TUnE r f  7 I  AO S Ê ÎD 3G ) = "3 3 5 .  COO uC"

BINARY 0 99 I T  1 ? _____________ _________ _______
OREI TAL »ERI On= '  ' 8 9 . 0  0000
S E M I - 1 A J C R  A X T S f A U Ï r  3 . 0 0 0 0 0
E C C E N T R I C I T Y :  _  0 , " G 0 0 0 _
PEPI APSE oASSAGE( Y P I = 0 . 0  0000
LONGI TUOE OF PER I  APSE ( O - G I = 23 9  . f 0 CÛ0

COhPANTON r ^ S I T t  2
COHPAMION >*ASS= 0 . 3 2 9 0 3
ORPI TAL P E O I 0 P ( Y o > =  8 0 . O3 CÜ?
S E FI -MA J OR" :  VIS (A o r  = 2 7 . 6 5 0 3 4 '
E C C E N T R I C I T Y :  C.POPOr
P E F I A^ S E  P A S S A G E ( Y P ) =  C.GOOCC
LONGI TUCE OF PÉ^ I  AP IS (ÔFG» = 5 OOOC
NO.  OF YCADS-  3 0 0 
STEP ST̂ E (YP)r , 1 5̂^
NTH POI NT FLOTTE 0 =  20

s t a r t i n g  r e c t a n g u l a r  FACAMETERSt

1 g a m a  = G , 1 1 9 6 7
y - 5 . 2 7 2 1 9
Y = - 7 . 5 2 9 4 7

v x - 2 . 7 0 3 0 5
VY = 1 . 9 4  0 7 1

2 GAMf l : 0 . 1 3 7 4 3
y - 1 4 . 6 5 2  45
Y = 2 3 . 4 4  0 0?

v x = - 1 . 6 7 4 3 4
VY = 1 . 0  4 6 2 4

b i n a r y  t o  CONPANICN a HAy I M' M S 7 F E R A T I C 7 ( A U » =  1 7 . 1 2  4 
BINARY TO r nMPA' j I ON 9 HAYJFiJ'^ S- PE F A T I  C  ̂ f AU ) :  4 3 . 9 4 1  

1ÎA XI  NU" "RACIAL V E L O C I T Y  ( K K / S E C » =  4 . 7 7 6  
XyFAflStAU»- -2. 644F-*
YTRANS( AU *= - 2 , 3 2 1 5 2 _______________________________________

FINAL rectangular  OARAVrTEPSi

y -  - 3 . 3 0 0 2 0  
Y -  1 1 . 7 7 7 1 0  

VX= - 1 . 3 0 6 4 U
"V“Ÿ= -0. 0 7 506

X= - 3 4 .  72  2 ‘*4
Y= 9 , 6 " 9 0 0  

V X=  - 3 . 7 6 6  03 
V Y -  - 1 .  34  0 30

CONSENTS I
FROM I  1 0 ♦ 350 Y R PLOT CN CÂL CÔMF.............................. ..
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9 0  P A U S F

100

120

1 30 
1 40

1 50

1 60

^  AC . 4 1 09
M A S T r R  CONTROL  FOR N -  3 0 0  < P ^ O B L F M  S UP ^ P OU T I N F S ,  
C 0 M M 0 N / C 0 N T R L / l T R l A L » C , P r , y t 3 ) , Y ( n , V y ( 3 ) , V V ( 3 ) , F M A S S ( 3 )
1, X T R A N S , Y T p  ANS "
C O M M O N / S T A P / O T S T , A P T M A G , r i N 3  
d i m e n s i o n  w o r d  ( 3 5 )
P I = 3 . 1 4 1 5 9 2 6 5

G=6.6 7 3 2 E - Q O * 3 . 1 5 5 9 E 0 7 » 3 . 1 5  5 3 F 0 7 / 1 . 4 9 5 9 7 8 9  3 E 1 3 /
11 . 4 9 5 9 7 8 9 3 F l 3 * 1 . 9 8 9 E 3 3 / 1  . 4 9 ' 5 9 7 8 9 3 F 1 3
I S  TRT = 0
W R I T E ( 5 , 1 0 )
F O R M a T ( *  i n p u t ;  o P R I T A L  E L E M E N T S ( 0 ) 7  OR R E C T A N GU L A R  C O O R D I N A T E  
I S ( 1 ) ?  '  , S)
R F A D ( 5 t 2 0  ) ,  I  SwTCH
f o r m a t ( I  »
W R I T E ( 5 , 3 0 )
FORMAT (» ENTER QINA==*Y M a S S I ' S )
R r  A D ( 5 , 4 o  ) , F M A S S ( 1 )
F o r m a t ( f i  
W R I T E  ( 5 , 5 0 )
F O R M A T ( ' ENTER 0 1 S T A N C E ( P C )? ' ^ ) 
r e a d ( 5 , 4 0 ) f O T s T  
WR I T E  ( 5 , 6 0 )
F O R M A T ( ' F N T F P  a P P A r FNT  V i SUA l  m AGn TT UDF  A T 
1 M I D - P O I N T  OF PRI MARY F C L I P S E î ' )
RE A D ( 5 , 4 0 )  , A PTMAG 
W R I T E ( 5 , 7 0 )
FORMA T ( '  e n t e r  I N C L I N A T I O N  OF B I N A R Y  OR3 1 T ( 0 EG)  t ' , T )
R E A D ( 5 , 4 0  ) , F I N C  
W R I T E  ( 5 , 8 0 )
F O R M A T ( '  L A S T  T R I A L  NO 

AD{  5 , 2 0  * , I  T R I A L
O  A I I  C C -r n u r
I T R T A  L = T T  RI A L f 1
W R I T F ( 8 , 1 0 0 )  , I T R I A L , F M A S S ( 1» , 0 1 S T , APTMA G, F TNO 
W R I T E  ( 9 , 1  0 0 )  , I t R I A L , F M A S S ( 1 )  , O I S T , A P T M A G , F T N C  
FORMA T C I  T R I A L  NO.  '  , 1 4 ,  /  ' B I N A R Y  M A SS = '  » F 1 Q . 5 /  ,
1 '  D I S T A N C E ( PC I = ' , F 8 . 2 / ,  '  APP A RF NT  M A G N I T U D E : ' , F 8 . 
2 '  I N C L I N A T  I O N ( OE G) = ' , F 8 . 2 )  
i F ( I S WT C H  . EO . 0 ) GO TO 110  
C A L L  R F C T T N

2 /,

C A L L  R F C T I N  
GO TO 1 2 0  

1 1 0  C A L L  PARAM

1 70

C A L L  PARAM
C A L L  D F T F C T ( F M A S S ( 2 ) , V T S l )
C A L L  D E T E C T ( F M A S S ( 3 ) , 7 1 5 2 )
C A L L  D Y N A M C ( 7 I S l , V I S 2 , I S T R T , T I M F )
W R I T E ( 9 , 1 4 0 ) , X T R A n S , Y T R A N S
FORMA T ( '  X T R A N S ( AU)  = ' , F l O . 5 , /  ' Y T R A N g ( Ay )  = ' , F I O . 5 )  
W R I T F ( 9 , 1 5 0 ) , T I M E
FORMA T ( / '  F I N A L  R E C T A N GU L A R  P A R A M E T E R S :  Y c A R = ' , F 9 .
J 2 = l  
J 3  = 2
W R I T F ( 9 , 1 6 0 )  , ( J 2 , X ( 2 ) , Y ( 2 )  , 7 X ( 2 ) , V Y ( 2 ) ,  
1 J 3 , X ( 3 ) , Y ( 3 ) , V X ( 3 ) , V Y ( 3 ) )
F O R M A T ( 2 ( / 1 2 f 5 X ,  '  X = ' , F 10 . 5 ,  7 7 X , '  Y - ' , F I O  . 5 ,
1 / 6 X , '  7 X = F 1 0 . 5 , / 6 X ,  • V Y= ' , F 1 0 . 5 / )  )
W R I T F ( 5 , 1 7 0 )
W R I T E ( 8 , 1 7 0 )
W R I T F ( 9 , 1 7 0 )
FORMA T ( / '  C O M M E N T S ! ' )

2)



1 ^ 0 )  , ( WüPn  ( J )  , 1 = 1 ,
180 FORMA T (3 6A 41 133

WRirr ( 8 , 1  Fo 1 , (WnpD( J ) , j=  1, 3r )̂
WRl TB( 9 , l 9 Q) , ( W0 Rn( J ) , j : : t , 3 f S)

1 9 0  F 0 R M A T ( ? ( 1 X , 1 8 A ( 4 ) / )
I S T r T = 1  
G]  TO 90 
FMO



SUMc - DUr i N ' ^  P A?  A M , 3 -
C ACCFPTS I N I T I A L  OSCUl A T J i G 1 R 0 1 T A L PAPA ANT
C, C T N V c R T S  THEM TO ? E C T A N g ' J L A ?  CO OR 01  NATE PARAMET ERS .

C O M N o N / r O N T P L / l T R I A L , G * P T , X ( 3 ) 1  Y ( 3 ) , V X ( ? )  , V Y  ( 3 » , F  MASS( 3 )
1 , x t r a n s , y t r A n s
C O M M O N / S T A R / O I S  T ,  A P T M f \ G , F I N :
d i m e n s i o n  P E R I 0 n ( ? > » A ( 2 ) , - C S ( ; > ) , T ' I ( Z )  t W ( ? > , F N ( ? ) ^ G A M A ( ? )
N= 3 
N= N-1.
F M 1 2 = F M A S S ( 1 )  
n o  81 J = l t N
I N P U T  P A R A M E T E R S  ARE OF O I N A R y 0 A R Y p F N T F R  Or S i T .
W R I T E ( 5 , 1 0 )

10 F O R M A T ( / / '  P E R I o n ( Y R ) ?  S E M I - M A J O R  A x I S ( A U ) ?  E C O E N T P I C l T Y ? ' ,
1 / '  P e R I A P S E  P A S S A G E ( Y R ) 7 L O N G I T U D E  OF PER I  APSE ( □ F G ) ? ' »
RE a d ( 5 , 2 0 )  » T F M P I » T E M P ? , TE M P 3 , T E M ^ ^ , T E M P S  

20 FORMA T ( SF  )
W R I T E ( 8 » 3 0 ) ,  t e m p i , TE M'^ 2 , T E m ^ 3 , T Em P^  » TEMP5

3 0 FORMAT ( S F 8 , 2  )
C <CR> I F  I N P U T  DATA I S  THE SAME AS L A S T  T R I A L . .........

I F  ( T E M P I . L T .  0 . 0  1) GO TO 80 
P E R I O D ( J » = T - MP I
E C C ( J ) = S Q R T  ( l . - ( l . - T E M P 3 * T F M P 3 ) » S I N 0 ( F I N C ) * S I N 0 ( ( ^ I N C ) *
TO ( J » =TEMP* f  
W ( J ) = T E M P S f l 8 0 .
I F ( W ( J > . G T . 3 G 0 . ) W ( J ) = W ( J ) - 3 o 0 .
W R I T E ( 9 , 4 0 )  , J , T e m p i , t e m p ? , T E M P 3 *  t e m p a , t e m ^ s 

'+0 FORMAT < / '  B I  NARY O R B I T  t  ' ,  1 2 ,  /  '  O R B I T A L  PER 1 0 0 =  '  , 1 S X , F I  3 . 5 ,
1 / '  s e m i - m a j o r  A X T S ( A U ) = ' , 1 0 X , F 1 0 . 5 ,
2 / '  E C C E N T R I C l T Y = ' , i 7 X , F l O . S ,
3 / '  P E R I A P S E  P A S S A G E ( Y R ) = ' , 9 X , F 1 0 . S ,
A / '  L O N G I T U O F  OF PER I  A P S E ( OEG ) = ' ,  3 X , F 1 0 . S ) 
T - M P 2 = T F M P 2 / S I N 0 ( F I N C )
C A L L  M A S S ( F M l 2 , T E M P ? , P E R T 0 D ( J ) , F M 3 , n ( J ) )
F m ASS ( J  f i ) = F M 3
W R T T E ( g , 5 0 ) , J , F M A S S ( J 4 - l ) , P b R I O n ( J ) , A ( J ) , E C C ( J » , T Q ( J ) , W ( J )

5 0 F O R M A T ! / '  C O M P A N I O N  O R B I T ! ' , I  2 , / '  COMP A NI ON MAg s = ' , 1 5 x , F I  0 . S,
1 / '  O R B I T A L  P E R I O D ( Y R ) = ' , 1 1 X , F 1 0 . 5 ,
2 /  '  S E M I - M A J O R  AX I S ( A D » = ' ,  1 0 X , F 1 0 . 5 ,
3 7 '  E C C E N T P I C I T Y = ' , 1 7 X , F 1 0 . 5 ,
A / '  P E R I A P S E  P A S S A G E ( Y R ) = ' , 9 X , F 1 0 . 5 ,
5 /  '  L O N G I T U D E  OF PER I A P S E ( O z G ) = ' , 3 X , F i 0 . S )
W( J ) = W ( J ) » P I / 1 8 0 .

C E L T P T I C A L  O R B I T A L  E L E M E N T S  ARE CONVERT ED 1 0  RFC I  ANGULAR
C C O O R D I N A T E S  oE P O S H T D N  AND V E L O C I T Y .

F N ( J ) = 2 . » P I / P t R I 0 n ( J >
Q = - T O ( J )
AN MEA N = F N ( J ) ♦Q
E t = A N M E A N + E C C ( J ) ' ^ S I N ( A N M L A N ) ^ - Q , 5 * c . C C ( J ) * £ C C ( J ) * S I N ( 2 . ^ A N M c A N l

E 0 L 0 — 0 •
0 0  EO L = l , 10 00
D E = ( a N M E A N - ( E 1 - E C C ( J ) * S I N ( E 1 ) ) ) / ( 1 . - F C C ( J ) ^ C 0 S ( E 1 ) )

E l = L l + D c .
O E L T = A 8 S ( E O L O - E l )
I F  ( O E L l . L E . l  . E - 6 ) GO TO 70 
E 0 L D = E 1  

GO C O N T I N U E
7 0  C o n t i n u e

R = A ( J ) * ( 1 . - E C C ( J ) ^ C 0 S ( E D )
S J B = C O S ( L l / 2 . )



ASUiJ= ABS ( s u  3 )
r F ( f l S U U * L T , l . 0 E - 7  0 ) A S U U = 1 . O ' ^ - 3 0  135
I F ( S U B . L T . O . ) S U R = - A S U O  
I F ( S U B . GF . 0 .  ) SUU= A SU9
T F S T = S Q y T ( ( 1  .  + E C C ( J )  ) / ( 1 . - E C C ( J ) ) ) I N ( r i / 7 . » / S Ü 3 
f = a t a n ( t e s t »
F = 2 . * F  
W::=F+W ( J )
t h e  f o l l o w i n g  D E T E R M I N p S  X , Y $ V X ^ V Y .
X ( J  + 1 » =R + COS ( WF)
Y ( J + 1 ) = R + S I N ( W F )
F M U = G » ( F M A S S  ( 1» + F M A S S C j + 1 ) )
P = R + ( 1 . + E C C ( J > » C O S ( F ) »
3 N = F C C ( J ) * C 0 S ( W ( J ) ) + C 0 S { W F )
Q O = E C C ( J ) » S I N ( U ( J ) ) + S I N ( W F )
V X ( J + l ) = - S Q R T ( r M U / P ) » Q Q  
VY ( J+ 1)  - S O R T  ( F M i J / P ) » O N  

80 C O N T I N U E
G A M A C 1 ) = F M A S S ( 2 ) / F M A S S ( 1 )
G A M A ( 2 ) = F M A S S ( 3 ) / F M A S S ( 1 )
d e t e r m i n e  c o o r d i n a t e  t r a n s f o r m a t i o n s * O R I G I N  A I  i n i t i a l  ( X I , Y 1 )
X ( 1 ) = - G A M A ( 1 > + X ( 2 ) - G A m A ( 2 ) » X ( 3 )
Y ( l » = - G A M A ( l » ^ Y ( 2 ) - G A N A ( 2 ) » Y ( 3 »
XT RANS = X ( 1  »
Y T R A N S = Y ( I )
RE TURN 
END



SURK’ OU T T N E ^ ' T O^ O r - t e r m i n e ' ANE T*  MASS
O I M F N S I O N  X F M 3 ( 1 0 0 )
C O M M O N / Z L R O / X F M 3 , JMA X , L M \ X , i , Q O T , TOP
C 0 M M 0 N / C / F M 1 2 , P , A 1 2
J M A x = i o n
L y AX = 6
B O T = 0 . 0 0 0 1
T OP= 1 0  * 0
F I  NC= 9 0  •
P= P I N P U T  
F M 1 2 = B i m ASS 

10 FORMA T ( F )
A 1 2 = A I N P U T / S I N 0 ( F I N C )
C A L L  Z L 9 0 S
I F ( M . E O . 0 ) GO TO 30
I F ( M . G T . 1 ) w p i r e ( 5 , 2 0 ) , M 

20 FORMA T ( '  M U L T I P L E  S O L U T  TONS T q  MA S S .  M% %  1 4 )
F M 3 = X F M 3 ( 1 )
A 3 = A 1 2 » F M 1 2 / F M 3  
RETURN 

30 X R I T E ( 9 , 4 0 )
W R I T E ( 5 , 4 0 )

4 0 FORMA T ( '  NO MASS E Q U N O M
STOP 
ENID



c
S U b ^ O U T l N r  7 F R 0 -  

SUOr O U T I n G ZEROS
C G (  X ) ' F U N C T  I O N  WHOSE ZEROS A:^E D E S I R F O *  HyS F RE W R I T T E N  I N
0 f u n c t i o n  S ü B P R O *
r  H a r = L O WF R  L I M I T  OF X I N V E S T I G A T I O N  RANGF
C r3 P=UPP.ER  L I M I T  OF y I N V E S T I G A T I O N  RANGc
G J M A X = N U M b ER OF I N V E S T I G A T I O N  I N T E r V A l S
C LMAX = NUMüER OF S QU E E Z E S  3 T ^ A C T O R  OF 10
C M J s  T HE  n u m b e r  OF R OOT S  L OCATED I N  THc  I N T E R V A L .
C R T ( 1 ) » R T ( R ) ,  R t ( M )  ARF  THF ROOTS FOUND.

0 1 ME NS I ON R T ( 1 0 0 )
COMMON/ ZE R O / R t * J M A X , L M A < , M , 3 0 T , T 0 P  
A = BOT 
3= TOP
F J M A X = J M A X  
M= 0
03  1 5 0  J = 1 . J M A X
F J = J
X = A f ( F J - l . ) * ^ ( B - A ) / F J M A X  
Y= A + F J  * ( B - A )  / F J M A X  
I F  ( G ( X ) >  1 0 , 1 2 0 , 1 0

10 I F  ( G ( X ) » G ( Y ) )  2 0 , 1 5 0 , 1 5 0
20 0 3  60 L = 1 , L M A X

DO 40 K - 1 ^ 1 0
F < - K
U = X 4- ( F K - 1  . ) ♦ ( Y - X  ) /  10 .
V= X + F K ^ ( Y - X )  / I Q .
I F  ( G ( U ) )  3 0 , I S O , 1 0

30 I F  ( G ( U ) ^ G ( V ) )  5 0 , 4 0 , 4 0
40 C O N T I N U E
50 X= U

Y= V
60 C O N T I N U L

S = ( X f Y ) / 2 .
T E S T  TO THROW OUT I N F I N I T I E S  
I F  (G ( S ) ^ G { X  ) ) 7 0  , 1 0 0 ,  ^0  

ZO ( G ( S ) ^ G ( Y ) )  1 5 0 , 1 1 0 , 9 0
30 I F  < ( G < S ) - G ( X ) ) / G ( X ) ) 1 0 0 , 1 0 0 , 1 5 0
RO I F  ( ( G ( Y ) - G I S ) > / G { Y )> 1 5 0 , 1 0 0 , 1 0 0
100 R= S

G3 TQ 1 4 0  
110  R - Y

G 3 TO 1 4  0 
1 2 0  R = y

GO TO 1 4 0  
1 3 0  R = U

GO TO 1 4 0  
140  M= M + 1

R T ( M ) = R 
1 5 0  C O N T I N U E

I F  ( G ( B ) ) 1 7 0 ,  1 6 0 ,  1 7 0
1 60 M = M f  1

RT ( M ) = B  
1 7 0  r e t u r n

FN 0
F U N C T I O N  G ( X )
C 0 M M 0 N / C / F M 1 2 » P t A 1 2
C= ( X » X * X » X f F M 1 2 * X * X * X ) ^ P * P - (  ( F M 1 2  + X )  A 1 2 )  3

RE TURN 
END



SUu^nUTTNF T I
c UNITS: 138
C G 3 / Y R » » ? / M S U N
C X & Y -\U
3 VX ^ VY / \ U / r ^ .
c F MA S S  SOLAR MASSF S

C O M M O N / C O N T R L /  I T R I A L , G , P I , X ( S )  , Y ( 3 ) , V X ( : i  ) , V Y ( 3 ) , F M A S S ( 3 )
1 ,  X T R A N S , Y T R  ANS 
D I M E N S I O N  Ga M A ( ^ )

C + f i - +  + f  + l N P U T  MA S SL S  ^ P O S I T I O N S  + + + + + + + + + f  + + + + + + + +
N= 3
0 0  30 I = ? , N  
I C = T - 1
W R I T E ( 5 , 1 0 » , l e  

i n  FORMAT ( 1 2 ,  '  : ENTER G a ^ a , X,  Y * ' , 5 )
R i  A D ( 5 , 8 0 )  , G A M A ( I - l ) t X ( I ) , Y ( I )

PO F O R M A T ( 3 E )
30 c o n t i n u e
C + f f  f + f + O E T E R M T N E  C R I T I C A L  V E L O C i T  TES + + + + + + + + + + + + + + f  + +

0 3  60 1 = 2 , N 
Î C = T - 1
F M A S S Ï I ) = G A M A ( I - t ) * F M A S S ( l »
T 0 T M A S = F M A S S ( 1 ) + F M A S S ( I )
X ( 1 ) = - GA M A ( I  - l >  »X ( î )
Y { I i = - g A M A ( I - 1 ) * Y ( T )
R= SORT < ( X ( I )  - X (1)  ) * * 2 +  ( Y( I ) -  Y ( L ) ) ^^2)
V 3 I P = S Q R T T  G ^ T O T M A S / R )
V C I R X  = - V C T R ' ^ < Y ( t ) - Y ( 1 ) ) / R  
V C I R Y =  V C I R » ( X ( I ) - X ( l ) ) / R  
V E S C X = 1 . 4 1 4 2 » V C I R X  
V E S C Y = 1 . 4 l 4 2 * V C I R Y
WR I T E  ( 5 , 4 0 ) , I C , V C l R X , V C I R Y , y / F S C X , V F S C Y  

40 F O R M A I ( 1 2 ,  ' % C I R C U L A R  V E L O C I T Y :  V X = ' , F 1 0 . 5 , 5 X , * V Y = ' , F l O . 5 ,
1 / '  E S C A P E  V E L O C I T Y  : V X = S  F 10 . 5 , S X , '  VY = ' , F 1 0 . 5 )
WR I T E  ( 5 , 5 0  »

.50 FORMAT ( ' ENT ER V E L O C I T Y  COMOONFNTS VX AND VY : ' ,  S)
R i  A D ( 5 , 2 0 ) , V X ( X ) , V Y(  I )

60 C O N T I N U E
X ( 1 )  = - G A M A ( i ) » X . ( 2 ) - G A M A ( 2 ) ^ X ( 3 )
Y ( l ) = - G A M A ( l ) * Y ( 2 ) - G A M A ( 2 ) ^ Y ( 3 )
W R I T F  ( 5 , 7 0  )

70 F O R M A T ( ' ENT ER X T R A n S , YTRANS : ' , ^ >
R E A O ( 5 , 2 0 ) , X T r A n S , Y T R A N S  
RE TURN
e n d



SUG^üUTInE (JETECr (F^aSS^SE'^AU) 139
r  p r o g r a m  T o d e t e r m i n e  v i s u a l  D E T f C T A B I L T T Y  o f  l O M P A N I O N S .
j F I N OS  S E P A R A T I O N S  ( A U )  AT W-| I C H  D E l  F C T A R I  L I T  Y I N D E X  C = l . f ) .

C O M M O N / S T A R / D I S T , APT M A G T N 3
o r  M e N S I O N  B O L M ( T O )  , 3 0 L C  ( 3 0 ) , F L M ( 3 0 )  , A L P H ( S O )
DATA ' 3 O L M / 2 2 . 0 » 1 3 . 1 t l 2 . 0 , l l , S , t l . 0 , 1 0 . F , 9 . 7 , 3 . O , r t . 7 , H , ' * , ? ’ . D , 7  
1 $ 7 m 2 4 * 9 ,  4 * G , 4 . 4 $ 3 , 5 * 3 .  3 * 3 * 0
2 , 2 * 4  , 2 . 2  , 2 * 1 /
D A t A 3 0 L C / - S . a , - 5 . 8 , - 4 * 6 , - 4 . 0 , - 3 . 4 , - 2 . 9 , - 2 . 6 , - 2 * 3 , - 2 . 0 , - 1 . 7 1
1 , - 1 . 4 5 , - 1 * 1 7 , - 0 * 3 9 , - 0 .  6 2 , - 0 , 5 0 , - r ) * 4 0 » - [ l * 3 0 » ” 0 * 2 4 , - 0 . 1 9 , - 0 * 1 3
2 , - 0 . 0 9 , - 0 . 0 7 , - 0 . 0 6 , - 0 . 0 5 , - 0 * 0 4 , - 0 . 0 3 , - 0 * 0 1 , 0 . 0 1 , - 0 . 0 2 , - 0 . 0 3 /  
d a t a  F L M / - 3 . 0 , - 1 . 0 , - 0 . 8 , - 0 * 5 , - 0 . 4 , - 0 . 2 , - 0 . 0 , 2 3 * 0 . 0 /
DATA A L P H / 2 . 9 , 2 * 9 , 3 . 1 3 , 3 * 3 3 , 3 * 7 5 , 4 * 0 , 4 * 0 , 2 3 ♦ 4 . 0 /
F L O g M = A L O G 1 0  ( F M A S S )
D E T l R M I N E  n I F E t _ R E N C E  I N  M A G N I T U D E  
J= 7
C A L L  I N T R P ( F L M , A L ® H , F L D G M  , A _ P H A , J )
x l u m i = f m a s S * ♦ a l p h a
B O L M A G = 4 * 7 7 - 2 * 5 ^ A L o G 1 0 ( x L U M I )
J = 3 0
C A L L  I N T R P ( 9  0 L M , 8 0 L C , U O L M A G , 9 C , J  »
A b M A G I  = BO LMAG+BC
A P M A G I = A O M A G I f 5 . * A L O G 1 0 ( D I S T / l O . )
O E L M A G = A B S ( A P m A G I - A p I M A G )
S ^ P L O G = 0 . 2 2 » D £ L M A G - 1 . 0
S E P S F C = 1 0 . ♦ ♦ S E P L O G
S E p A U = 5 E P s F C ^ D I S T
RETURN
END

s u b r o u t i n e  I  NTRP ( X , y , X 1 , *^1 ,  J )
C L I N E A R  i n t e r p o l a t i o n  S U 9 R 0 U T I N E .
C J =  NUMBER OF u N T R I E S  I N  A R ^ A Y *
C G I V E N  ARRAYS X ( N) AND Y ( N ) ,  S U B R O U T I N E  W I L L  F I N D
C FOR EACH VAL  UF OF X I  THF CORRESPONDI NG VALUE 0^" Y SUCH
C T HAT  F 1 = Y ( X 1 ) .

D I M E N S I O N  X ( 3 0 ) , Y ( 3 0 )
I O R D E R = n
I F ( X ( 1 ) * G T . X ( J ) ) 1 0 R D E R = 1  
1 = 1

10 I F ( l O R D E R * G T  , G) GO TO 2 0
I F  ( X ( I  + 1 ) - X I  ) 30  ,40 ,40

20 I F ( x ( I + 1 ) - X 1 ) 4 0 , 4  0, 30
3 0 I = I f  1

I F ( I > 1 - J ) 1 0 ,  40 , 40 
40 F l = ( X ( l + l ) - X l ) * Y ( I ) f ( X l - X ( I ) ) » Y ( I + l )

F l  = F l  /  (X ( I  +1 ) - X  ( I  ) )
RE TURN 
e n d



sun < OUT 1 MF 1Y Nr\i ’ ; ( VT s 1 , V I  , I  5 Tf^T , T I  MF)
^ P=?OGRAM TO SOLV- .  3 - 3 0 0 Y  ' »c»03LFM U S I N r ,  R U N G F - K U T T f t  I N T O ?  A T T ON .
]  u n i t s *
:  T f  R
^  C ÛI J / OAY
C G A I j * *  3 / Y R »  » ? / M S U N
C X # l\ Y # A-j
C V X # ^ V Y # A U / Y R
C F MASS#  SOLAR Ma SSF S
C H YR
G F 1 -  F 4  A U / Y R * »  ?
C F 5 - F 8  A i J / TR
C C # 1  -  C # 4  A J / T R
C C # 5  -  C # 3  AU

D i m e n s i o n  x s A v E ( 3 , 3 0 i ) , Y s A y / F ( 3 , 3 0 i ) , v s A v r ( 3 Q i ) ,  r s  a v f  ( 7 0 1 »
COMMON/ H I  S T / T ( 2 , 3 0 1 ) , O M I N C ( ? , 3 0  1 ) , D U n s « 1 5 0 * , I 3 A R , T M A X , I S T A R T  
1 , O I F ( 3 0 1 )
C 0 M H O N / F U n C T / F A C T O R , G A M A { ? )
C O M M O N / C O N T r l / I T R I  AL , G , ' ’ I , X ( 3 ) , Y ( 3 ) , V X ( 3 ) , 7 Y ( 3 )  , F MASS ( 3  )
1 , X T R A N S , Y T R ANS 
C 0 M M O N / S T A R / 0 I S T , A P T M A G , F I N :
i s t a r t = t s t r t

I T  R I P =  0 
Ny R= 0 
I S E F 1 = 0  
I S F F ? = 0
0 = 2 . 0 9 / 0 6 0 6 ^ 3 .  6 4 0 ( ] E 0  4 / l . ( $ 0 5 9 8 c i l  

10 C O N T I N U E
2 0  F A C T O R = F M A S S  ( 1 ) ^G

G A M A ( 1 ) = F M A S S ( 2 ) / F M A S S ( 1 )
G A M A ( 2 ) = F M A S S ( 3 ) / F M A S S r i )

C + + f  + + 4 + D Y N A M I C A L  C A L C U L A T I O N S  f  + + f  + + + + + + + + + + » + +
W R I T E  ( 9 , 3 0 )

30  F O R M A T t '  ENTER NUMBER OF YEARS,  STEP L E N G T H ,  An O
1 NTH P O I N T  P L O T T F O , ' )
R i A o ( 5 , 4 0 ) , N Y L A R , H , N T H P T  

4 0 FORMA I ( I , F , I  )
W R I T E ( S , 9 0 ) , N Y E A R , H , N T H P T  

90  FORMA T ( ' NO.  OF YEARS=  '  , I  '  S T E ^  S I  ZL ( Y R ) = » , F 9 ,  3,
1 / '  NTH P O I N T  P L O T T E O = ' , 1 5 )
N P E R Y R = 1 . / A 3 S ( H )
NTOP = N V f A R» NPERYR 
I F ( H . L T . 0 . ) N Y E A R = - N Y E A R  
TT M L = 0 .

9 0  N' JM=1
NC OUNT = 0 
DO Z 0 vj = l , 3
X S a V E ( J , N U M ) = ( X ( J ) - X T R A N S ) ^ S I N d ( F I N C *

70  Y S A V E ( J , N U M ) = Y ( J ) - Y T R A N S
V X ( 1 ) = - G A M A ( 1 ) * V X ( 2 ) - G A M A ( 2 ) » V X ( 3 )  
V S A V E ( N U M ) = V X ( 1 ) * S I N O ( F I N C ) / 0 . 2 I 0 4  
TS AVE ( N U M ) = T  I MF 
VM AX= 0 .
SE P l =  0 ,
S E P 2 = 0 .
X M I N =  0 .
XMAX = 0 .
Y M I N = 0 .
YM A X= 0 .
W R I T E ( 9 , 6 0 ) , T I ME



JO F Ü P M A T ( / '  ST AK r I  N Ü P F C T A i S U L A P  P A R A M F t F P S î  YF A7 = » , f t  , ;>)
J 2  = l  
J 3  = 2
W R i T t  ( 9 , 9 0 ) ,  ( J 2 t G A M A  ( 1 > , < ( ? ) , Y ( ? ) , V X ( ? ) , V Y ( ? ) ,  
1 J 3 , G A M A ( 2 ) , X ( 3 ) , Y ( 3 ) , V X ( 1 ) , V Y ( 7 ) )

T 0 F O R M A T ( 2 ( / I 2  , 2 X ,  ' G A M A = » , F 1 0 , S , / 7 X , '  X = ' , F 1 0 * S , / 7 X , '  Y = ' , F 1 0 . 5 ,
1 / 6 X , '  V X = \  F I O . 9 , / 6 X , '  7 Y = ' , F 1 0 , 5 / ) )
DO 2 0 0  N = 1 , N T 0 P  
T I M E = T I M F + H
C 1 1 = H * F 1  (X ( 2 ) , Y ( 2 ) , X ( 3 )  , Y ( 3 > )
C 1 ? = H ^ F ? ( X ( 2 ) , Y ( 2 ) , X ( 3 ) , V ( 3 ) )
C 1 3 = H ^ F 3  ( X ( ? ) , Y ( 2 ) , x ( 3 ) , y ( 3 )  )
C 1 4 = H * F 4 ( X ( 2 ) , Y ( 2 ) , X ( 3 ) , Y ( 3 ) )
C 1 5  = H * F  F ( V X ( 2 )  )
C 1 6 = H * F G ( V Y ( 2 ) )
C l 7 = H * F 7 ( V X ( 3 ) )
C i a = H » F 8 ( 7 Y ( 3 ) )
C 2 l = H » F l ( X ( 2 ) f . 5 * C l 9 , Y ( 2 ) * ^ . 5 * C i G , X ( 3 ) + . 5 # C l 7 , Y ( 3 ) f . S » C l 8 )
C 2 2 = H » F 2 ( X ( 2 ) + . 5 * C t 5 , Y ( 2 ) f , 9 * C l F , X ( 3 ) + . 5 * C 1 7 , Y ( 3 ) + . S * C 1 8 )
C 2 3 = H * F 3 ( X ( ? ) f . 5 * C 1 5 , Y ( 2 ) f . 5 » C l G , X ( 7 ) + . 5 * C 1 7 , Y f 3 ) f . 5 » C i a )
C2 4 = M » F 4 ( X ( 2 ) f . 5 * C 1 5 , Y ( 2 ) + . 5 ^ C l F , X ( 3 ) + . S » C l 7 , Y ( 3 ) f . 5 * C l a )  
C 2 5 = H * F S ( V X ( 2 ) f . G * C 1 1 )
C 2 6 = H * F G ( V Y ( 2 ) f . 5 * C 1 2 )
C ? 7 = H * F 7 ( V X ( 3 ) f . 5 * C l 3 )
C 2 8  = H * F a ( V Y ( 3 ) 4 - . 5 * C 1 4 )
C 3 1 = H ^ F l ( X ( 2 ) + . 5 + C 2 5 , Y ( ? ) f * 5 » C 2 G , X ( 3 ) + , 5 » C 2 7 , Y ( 3 ) f , 5 * C ^ 3 )
C32 = H* F 2 ( X (2 ) + . 9 +C25, Y (2) + . 5 » C2 s , X ( 3 ) f . 5 ^ C2 7 , Y ( 3 ) f . 9 * C?8 )
C3 3 = H * F 3 ( X ( 2 ) + . 5 * C 2 9 , Y ( 2 ) + . 3 » C ? G , X ( 3 l + . 5 ^ C 2 7 , Y ( 3 )  + . 94^ C28)  
C 3 4 = H * F 4 ( X ( 2 ) f . 9 * C 2 5 , Y ( 2 ) + . 5 * C 2 6 , X ( 3 ) f . 5 » C 2 7 , Y ( 3 ) f . 9 » C 2 8 )
C3 5 = H * F F ( V x ( 2 ) + . 5 * C 2 1 )
C3 6 = H * F 6 ( V Y ( 2 ) f . 5 * C 2  2 )
C3 7 = H . *F7  ( VX ( 3) + . 9 * C 2 3 )
C3 8 = H ^ F 8 ( V Y ( 3 ) + . 5 ^ C ? 4 )
C 4 1 = H » F l ( X ( 2 ) 4 - C 3 5 , Y ( 2 ) « - C 3  6 , < ( 3 » + C 3 7 f Y ( 3 ) f C 3 B )  
C 4 ? = H » F 2 ( X ( 2 ) + C 3 9 , Y ( 2 )  4 - 0 3 6 , X ( 3 ) + C 3 7 , Y ( 3 » + C3 S 1 
C 4 3 - H » F 3 ( X ( 2 ) + C ? 5 , Y ( 2 ) 4 . C 3  6 , X ( 3 ) + C 3 7 , Y ( 3 » 4 - C 3 f l )  
C 4 4 = H » F 4 ( X ( 2 ) f C 3 S , Y ( 2 ) f C 3 6 , X ( 3 ) + C 3 7 , Y ( 3 ) + C 3 8 )
C 4 5 = H * F 5 ( V X ( 2 ) + C 3 1 )
C 4 6 = H » f 6 ( V Y ( 2 ) f C 3 2 )
C 4 7 = H ^ F 7 ( V X ( 3 ) + r 3 3 )
C 4 8 = H » F A ( V Y ( 3 ) +C3 4 )
X ( 2 )  = X ( 2 ) + ( C 1 9 f 2 , ^ 0 2 9 4 - 2 . * C 3 9  + C 4 S ) / * S .
Y ( 2 ) = Y ( 2 ) f ( C l 6 + 2 . * C 2 6 f 2 . » C 3 9 + C 4 6 ) / 6 .
X ( 3 ) = X ( 3 ) f ( C 1 7 f 2 . * C 2  7 f 2 . * C 3 7 f C 4 7 j / 6 .
Y ( 3 ) = Y ( 3 ) f ( C l 8  + 2 . ' " C ? A ^ 2 ' ' ' F 3  84-C4 8 ) / 6 .
V X ( 2 ) - V X ( 2 > + ( C l l 4 - 2 , ^ G 2 H - 2 . » C 3 1  + C ^ l ) / < ^ *
VY ( 2 ) = V Y C 2 )  + ( C 1 2 # . 2 . » C 2 2  4 - 2 . * C 3 2 4 C 4 ? ) / 6 .
V X ( 3 ) = V X (  3 ) f ( C 1 3 f 2 . » C 2  3 4 - 2 . ^ 3  3 3 + 0 43 > 7 6 -
V Y ( 3 ) = V Y ( 3 ) f ( C 1 4 f 2 . * C 2  4 f 2 . * C 3  4 + C 4  4 ) / 6 .  
X ( 1 ) = - G A M A ( 1 ) * X ( 2 ) - G A M A ( 2 ) * X ( 3 )
Y ( 1 ) = - G A M A  (1 ) + Y ( 2 ) - G A M A ( 2 ) * Y ( 3 )
VX ( 1 )  = - G A M A (  1 ) * V X ( 2 ) - GAMA ( 2 ) ^ V X ( 3 )  
V Y ( 1 ) = - G A M A ( 1 ) * V Y ( 2 ) - G A M A ( 2 ) * V Y ( 3 )
V T F S T  = A T S ( V X ( l ) ^ S I N D ( F r N C ) / Q *  1 20  4)
T F ( V T c S T . G T . V M A X ) V M A X = V T i 5 T
NCOUNT = NCOUN T + l
I F  (NCOUNT .NE . N T H P D G O  TO 2 0 3

c VF S p a t i a l  c o o r o s ,  r a d i a l  v e l o c i t y ,  i  c h ^ c k  d ^ t  e c t a b i l i t y +  +
n C o u n t = o
NUM=NUM+1
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r S A V r ( N U M ) = T I M F  
no 10 0 J  = 1 4 .3
x SAVF.  ( J i  NUM) = (X ( J ) - X T R A N  I ) *  5 I N D ( F T N r  )
Y S A V r ( J ,  N U M ) ( J ) - Y T R A N S
I F  ( XS AV(_ ( J » NUM ) * G T , X M A X ) X M A X  = X S A \ / F ( J , n IJM)
I F ( YSAVF ( J , N U^  ) * G T .  Y M A X ) Y M A X ~ Y s A \ / F ( J »  NUN)
I -  ( X S AV F  ( J ,  NUM)  • L r . X M l M ) X M I N  = X S A \ / F ( j ,  NUM)
I F  ( Y S A V t - ( J t N U M )  . L T « Y M I N ) Y M I N = y S A V - ( J , N U M )

100 c o n t i n u e

VS AVF ( NUM)  = V X ( i  ) ♦  S I NG ( F T NC ) / 0 .  2 1 0  
S E P 1 = A B S (  VSA ( 1 , N U M ) - Y 3 A V £ ( 2 , NUM) )
S E P 2 = A B S ( Y S A V f ( 1 , N U M ) - Y S A  V E ( NUM)  )
I F  ( S F p l  . G T . S F p M X l )  S F P M X l r S E ^ ^ l  
I F ( S E P 2 . G T . S E p M X 2 ) S F P M X 2 = s E ^ 2  
I *  ( S E P l  . L T . V I S l  . O R . I S F E 1 . N E . O ) G o I n  1 2 0  
I S K F 1 = 1

I T F  ( 5 , 1 1 0 )  , T I M F  
W R I T E ( A , l l O ) , T I M E  
W R I T f ( 9 , 1 1 0 ) t T I M E  

110 FORMA T ( '  COMP A NI ON A V I S I B L E  AT T I M F = ' , F 8 . 2 )
GO TO 1 4 0

120 I F  ( S E P l . G T , V I S l . O R . I S E F l . M E .  1 ) G0 TO 1 4 0
I S F E 1 = 0

H E  ( 5 ,  1 3 0 )  , T I M f r  
WRI TF  ( f t , 1 3 0 )  , T I  ME 
WRI TE ( 9 , 1 3 0 )  , T T ME  

130 F O R M A T ( '  COMPANI ON A N O N - V I S I B L F  AT T I M E = ' , F Q . 2 )
140  I F ( S E P 2 . L  T . V I S 2 . 0 R . I S E E  2 . N E . 0 ) GO TO 1 6 0

I 3 E E 2 = 1
WR I T E  ( 5 , 1 5 0 )  , r i M E  
W R I T E ( 8 , 1 5 0 )  , T I M E  
W R I T F ( 9 , 1 5 0 )  , T I  ME 

150 F O R M A T ( '  COMPANI ON U V I S I B L E  AT T I N F = ' , F 8 . 2 )
GO TO 1 8 0

160  I F ( S F P 2 . G T . V I S 2 , 0 R , I S E E 2 , N E . 1 )G0 TO 1 8 0
T 5 E F 2 = 0
W R I T E ( 5 , 1 7 0 ) , T I M E  
W R I T E ( 8 , 1 7 0 ) , T I M E  
WR I T E  ( 9 , 1 7 0 )  , T I ME  

170  FORMA T ( '  COMPANI ON B N 0 N - V I 5 I B L F  AT T I M F = ' , F  8 . 2 )
180 I F ( X M I N , G T . - 2 0 Q . . A N 9 , Y M I N . G T . - 2  0 0 . . A N O . X M A X . L T . 2 0 0 . .

I A n O . Y M A X  . L T  . 2 0 0  . ) GO TO 2 0 0  
I F ( I T R I  P . G T . 0 ) GO TO 20  0 
I T R I P = 1
WR I T E  ( 5 , 1 9 0 )  , T t m F 
WR H E  ( 8 , 1 9 0 )  , T I ME 
W R I T E ( 9 , 1 9 0 ) , T I ME

190  f o r m a t ( '  S p a t i a l  e x c u r s i o n  g r e a t e r  t h a n  2 0 a au a t  t i m f = » , E 8 . 2 )
2 0 0  C O N T I N U E

W R I T E ( 9 , 2 1 0 ) , S E P M X 1 , S F P M X 2 , V M A X  
2 1 0  F O R M A T ( '  B I N A R Y  TO COMPANI ON A MAXI MUM S e P f R A T I  O N ( A U ) = '  , F 8 . 3  ,  /

1 '  B I N A R Y  TO COMPANI ON B MAXI MUM S F P E R A T l O M ( AU) = ' , E 8 . 3  , /
2 '  MAXI MUM R A D I A L  V E L O C I T Y  ( K M / S E C ) = ' , F 8 . 3 )

C + f  f +  + + + SP A T I A L  C O N F I G U R A T I O N  P L O T T I N G  + f  + + + + + + + + + + + f  + +
C P R O J E C T E D  ON PL ANE I N C L U D I N G  L I N E  OF S I G H T .
2 2 0  A Y M I N = A B S ( Y M I N )

i c ( Y M A X . G T . A Y M I N ) G O  TO 2 3 0  
YMAX= A Y M I N  

2 3 0  Y M I N = - Y M A X
AX M I N = A  t S  ( x M I N )



I F  ( X M A X . & T , / \ ) f M I N ) G O  TO ,U
X 1 A X = A X M I N  143

2 40 XMT N= - XMAX
I F ( Y M A X , G T « X H A X ) X m A X = Y m A<
I F  ( Y M I N . L T . X M I N )  X M I N  = YMT'J 
Y' l  A X- XMAX 
Y M I N = X M I N  
X M I N = X M I N * 1 . 14  
X M A X = X M A X * 1 . 14  
0 1 NCX = 1 .
I F ( X M A X . G T . 1 0 . » D I N C X = i O .
I F  ( X t i A x . G T , l O O . ) n i N C X = l ü O ,
D l N C Y = n i N C X
MOOF1 = 0
M 0 D E 2 = 1
0 % I G T N = 0 .
PAUSE
C A L L  E RASE
C A L L  S E T U P ( x M l N , Y M I N , X M A X , Y ' 1 A X , M 0 r ) L l , M n n E 2 )
C A L L  A X I S ( O R I G I N , O R I G I N » 0 i n : X ,  D I N C  Y )
C A L L  HOME 
N Y R = N Y R + N Y E A R
WRI T E  ( 5 ,  2 5 0 )  I T R T A L , 0 T N C X , N T H P T , N y R  

250  F ORMA T ( / /  ' T R I A L  NO.  %  T 4 , /  '  SC A t_ E ( A U ) = '  , F5 . 0 ,
1 / '  NO.  OF T I M i  S T E t > S = * , I 6 ,
1 / '  T I M E ( Y R ) = ' , 1 6 )
M 0 D F = - 1
0 0  2 6 0  1 = 1 , NÜM
DO 2 6 0  J = l , 3
C A L L  T P L 0 T ( X S A V E ( J , I ) , Y S A 7 E ( J , I ) , M 0  0 E )

2 6 0  C O N T I N U E
C A L L  HOME

C f f f +  + + f O E T E R M I N E  R E S I D U A L S  FROM DYNAMI CAL  MODEL + + f  + 4 - n - f <-+ + + + + +  4 
DO 2 7 0  1 = 1 , NUM 
0 M I N C ( 2 , I ) = - X S A V F ( 1 , I ) / C  

2 70  C o n t i n u e
C A L L  WA I T ( N WOR O)
I F ( N W O R O . e Q- 'G ' ) GO TO 60 
WRI T E  ( 5 , 2 0 0 )

2f l 0 F O R M A T ( '  SAVE S P A t I A L  COORDS ON D I S K < i >  OP N O T < C R > ? ' , g)
REAoC 5 , 4 0 )  , I S P A C F  
I F ( I 3 P A C E . E Q  . 0 ) G 0 To 340  
WR I T E  ( 5 , 2 9 0 )

2 9 0  FORMA T ( '  ENTER O E G I N I N G  AND E NDI NG I T M E S ( Y R ) * ' , ^ »
RE A O ( 5 , TOO ) , TBEG,  TEND 

300  f 0 R m A T ( 2 F )
J T BEG= T b ! F G 
J T  ENO = TEN D 
Q P L T X = 5 0 .
I F ( Y M A X . G T . 5 0 . ) Q P L T X = 1 0 0 .
j f r ( Y H A X . G T . i n O . ) Q P L T X = 1 5 0 .
I F  ( Y M A X . G T . 1 5 0 . ) O p L T X = 2 0 0  .
I E ( Y M A X . G T . 2  0 0 . ) Q P L T X = Y M A X  
Q p L T Y = Q P L I X » 7 . / 5 .
PL TX = - O P L I X
P L T Y  = - Q P L  TY
L I N E S = N U M / 2 f 1
L I  NFL T = L X N E S - l
c a l l  O F T L E ( 1 , ' S P A C E ' )
W R I T £ ( l , s 3 l O ) , I T R I A L , J r B E G f J X E N n , P L T X , Q P L T X , P L T Y , a P L T Y , - _ l N E S



U ü  FORM' l  F ( ' V NO 3 ' , /
l ' G P A P H n i ' , /  144
2 '  T I T LF ?9 M 0 ' l f r L  , I I ,  '  : ' , I F,, '  TA'  , ^ 6 ,  ' Y? % /
3 ' X A X I S Î 2 P R 0 J E C T E 0  ON P ' A N F  I N C L U D I N G  L O S ' , /
«♦' Y AX ISO t*( AU » ' , /
5 ' S P F C S ' , ' + F G . 0 ,  ' 2 2 2 2 . 05  2 2 ' , /
6 * DATA ' , l 4 )
W ^ I T E  (1 , 32 0 ) ( ( X S A V F d ,  J )  , YSa VE ( I  , J ) , T = 1 ,  3 ) , J = l ,  NUN- 1  )

3 20 F O R M A T ( 1 5 0 < 1 2 F 6 . 1 / ) )
W R I T E ( 1 , 3 3  0 ) , ( L I N P L T , 1 = 1 , 1 0 )

3 30 FORMAT ( ' P L O T  0 1 0 2 2 0 » , T 5 , /
1 PLOT 0 30  4 2 0  '  » I 5 , /
7 PLOT 0 3 0 4 0 9 ' , 1 5 , /
3 PLOT 0 5 0 6 2  0 ' , 1 5 , /
4 PLOT 0 5 0 6 0  9 ' , 1 5 , /
5 PLOT 0 7 0  0 2 0 ' , 1 5 , /
6 PLOT 0 9 1 0 2  0 '  , 1 5 , /
7 PLOT q 9 i  00 9 '  ,  1 5 , /
R PLOT 1 1 1 2 2  0 '  , 1 5 , /
9 PLOT 1 1 1 2 0 9 ' , 1 5 , / ' S T O P ' )
c ND F I L E  1 

3 40 I F ( N W O R n . E O .  ' B ' ) RETURN
CA L L  F R A S E  
C A L L  h OM.

C f  f +  f  PL QT 0 - C  CURVE -t- + + ^ + f  + f f  
3 50 I F ( I S P A C E  .GT . 0  ) G0  TO 330
3 60  WR I T F  ( 5 , 3 7 0 )
3 70  F O R M A T ( '  cNTER B £ G I N I N G

R E A O ( 5 , 3 0 0 ) , TBEG 
3 3 0  I F ( T I m E ) 3 9 0 , 30 0 , 4 0 0
3 0 0  T M A X = T B F g

T M I N = T B e G + TT ME 
GO TO 4 1 0  

4 00  T M I N = T 3 E G
TM AX= T B E G f T I M E  

f+lO C O N T I N U E
TT MAX= TMAX
1=̂  ( T M A X . L T . 1 0 , ) T T M A X  = 1 0 ,  
T F ( T m T N * G T . - 1 0 G . ) T M T N = - 1 0 0 .
□0 4 2 0  1 = 1 , NUM

4 2 0  T ( 2 , T ) = T S A V E ( I ) + T 3 E G
C A L L  H T S t RY( NÜM)
R M I N = - 0 , 1  
RMAX = 0 . 1  
DT NCT = 1 0 .
D I N C R = 0 . 0 1
C A L L  S E I U P ( T M I N , R M T N , T T M A X , R M A X , M 0 0 F 1 , M 0 D F 2 )  
C A L L  AX T S ( O R I G I N , O R I G I N , D I N : T , O l N C R )
C A L L  HQMf

W R I T E ( 5  , 4 3 0 )  , I T R I A L  
4 3 0  F O R M A T ( / / '  T R I A L  N O . ' , I 4 )

0 0  4 6 0  1 = 1 , I MAX 
I F ( I B A R ) 4 4 0 , 4 4 0 , 4 5 0  

4 4 0  M 0 D E = - 1
C A L L  T P L O T ( T ( l , I ) , O M l N C ( I f I ) f M O O E )
GO TO 4 6 0  

4 5 0  MOOE=0
OCr Of > = OMI NC ( 1 ,  1 ) + 0 0 3 S (  I )
OC tJOT = OMI  hC(  1 ,  I >  - 0 0 9 S (  I  )
C A L L  T P L 0 T ( T  ( 1 ,  I )  , O C T O P , M O D î )
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_  »NUM
1 r  I i • b T . 1 ) M o n r = 1

C A L L  T P L O K T  ( ? , T )  , Q M I N C ( e ,  I )  , M O n E )
4 70 C O N T I N U . .

C A L L  HQMp
C A L L  Wa I T ( N W O R D )
I F  ( N W O R n . E Q ,  ' G ' ) G O  TO 60 
I F  ( NWORn. Hi O.  ' G '  ) RFTURN 
I F  ( N WO R O . e O .  ' R ' ) GO TO 3bO 

C + f f + + R A D I A L  V & L O C I T Y  R F S I O U A L  CURVE 
VT 0 P = 6 .
V ' 30T= - V T O P  
0 I N C V = 1 .
c a l l  e r a s f

C A L L  S E T U P ( T M I N , V B O T , T M A X , V F O P , M O O E l , M O o E 2 )
C A L L  AX I S ( G R I G I N , O R I G I N , D T N C T , n i N C V )
C A L L  h o m e
W R I T E ( 5 , 4 . 5 G )  , I T r i Al  
MOn E = - l  
J = 2
03  4f tO 1 = 1 , NUM
C A L L  T P L O T d  ( J ,  I> , V S A V E d  ) , MGOF)

4 80 c o n t i n u e
c a l l  h o m e
C A L L  WA I T ( NWORO)
I F  ( n Wo R D . E Û ,  'G '  ) GO TO 60 
I F  ( N W O R D . E Q .  ' R M G O  TO 3 6 0  

C f  f  f  f +  + fWR I T E  R F S I D A L  DATA F I L E  FOR CALCOMP PL 0 T> ♦ + f  f + 1-f  f  + 4-++ + + + + ♦ +  +4- 
<fR I T E  ( 5 , 4 9 0 )

4 90  F O R M A T ( '  SAVE R E S I D U A L S  ON 3 l S K ( l )  q R N G T < C R > ? ' , Î )
R E A ü ( 5 , 4 0 ) , Î R E s  
I F ( i r l S . E O . 0 »Go TO 5 3 0  
L I N F S  = Î M A X  i - l
I F ( N U M . G T . I M A X ) L I N E S = N U M + 1
L I N P L T = L I N f S - 1
c a l l  O F T L F d  , ' R E S T o M
WRI T E  ( l , 5 0 ü ) , I T R I A L , T M I N , T M A X , L I N F S  

5 0 0  t ^oRMAT ( ' V E R s N O i '  , / ' G R A P H O I / ' T I T L L ? s M O n £ L  # M , T 3 , » ï  O- C
1 R F S I O U A L S ' , / ' X A X I S 0  5 Y E A R 5 S / * Y A X t S3 6 E A c>l Y O - C C D A y S)
2 LA T E ' , / ' S P E C S ' ,  2 F 7 . 0 ,  '  - Q . 1 0 . 1 2 2 2 2 0 . 08  2 2 ' ,
37 ' D A T A  ' ,  14 »
W R I T F ( i , 6 i 0 ) ( ( T ( J , I ) , G M I N C ( J * I ) » J = l » ? ) » V S A V F ( I ) , 0 l F ( I ) ,
1 I  = 1 , L I N P L  T)

510  F O R M A T ( 3 0 1 ( 6 p l O . 4 / ) )
WR I T E  ( 1 , 6 2 0 )  , I M A X , N U M , I F R I A L , T M I N , T mA X , n U M , I F R I A L , N i j M 

5 2 0  F O R M A T ( ' P L O T  0 1 0 2 0 7 ' , 1 5 ,
2 /  ' P L O T  0 3 0 4 2 0  ' » I 5 * /  ' G 9 A P H 0 1  ' , / ' T  I T L F 3 9 M 0 n E L  A ' , I 3 , ' t  R A n l A L
3 v E L O C I T Y  R E S I D U A L S  '  , /  '  Xa X I  S 0 5 Y E Ar S '  , /  '  Y A X IS 12 VRA □ ( < M / s  E C » '  , 
4 / ' S P E C S ' , 2 F 7 . 0 , '  - 1 0 .  1 0 .  2 2 2 2 . 0 8  2 2
5 /  ' P L O T  0 3 0 5  20 ' f I 5 , / ' G R A P  HO l ' , / ' T l T L E 3 6 M O O  EL ^ ) ' , I 3 , ' S  RE o u C F D
6 O- C R P S I D U A L S  » , / » XAX I S G 5 Y F A R S ' , / ' Y A X I  S 3 6 E A R L Y O- C
7 ( D A Y S )  LA T E ' , / ' S P E C S - I Q O . 0 .  - 0 .  0 1 0 . 0  1 2 2 2 2
8 0 . 0 8  2 2 ' , / ' P L O T  0 1 0 6 2 0 ' , 1 5 , / ' S T O P ' )
ENO F I L E  1 

5 3 0  RETURN
END



F j N c r r o N  F 1 ( x 3 , y 3'
CQMMON/ FUNCr / FACTO»? ,  GAHA ( ?  » ^46
X 1 = - G A M A  ( 1 ) ^  X 2 - G a M a ( 2 )  *  < 3  

y i = - G A M A ( l ) ^  Y 2 - G A M A ( 2> » '  3 
R2 3 = S Q R T ( ( X 3 - X ? ) * * 2 f ( Y 3 - Y ? ) » ^ 2 )  
R 1 2 = S Q 9 T ( ( X 2 - X l ) * * 2 + ( Y 2 - Y l l » * ? )
F 1 = F A C T 0 K * ( ( X 1 - X 2 ) / R 1 2 * » 3 + G A M A ( 2 ) » ( X 3 - X 2 ) / R 2  3 * » 3)
RE TURN 
ENO

F U N C T I O N  F 2 ( X 2 , Y 2 , X 3 , Y 3 )
C O M M O N / F U N C T / f a c t o r , GAMA ( 2  »
X1 = - GA MA  ( 1 ) ’̂ X 2 - G A M A ( 2 I  »X3  
Y 1 = - G A M A ( 1 ) ^ Y 2 - G A M A ( 2 ) » Y 3  
R2 3 = SQRT ( (X3 - X 2 )  » ^ 2 +  ( Y 3 - Y 2  ) ' ' ♦e  )
R 1 2  = s O R T ( ( X 2 - X l ) 4 ^ # 2 f ( Y 2 - Y l ) ^ * ? )
F 2 = F A C T 0 R ^ ( ( Y 1 - Y 2 ) / R 1 2 » ^ 3 + G A M A ( 2 ) ^ ( Y 3 - Y 2 ) / R 2  3 * » 3 )
RE t u r n  
ENO

F U N C T I O N  F 3 { X 2 , Y 2 , X 3 , Y 3 >
C O M M O N / F U N C T / F A C T O R , G A M A ( 2 )
X1 = - G A M A ( 1 ) » ^ X 2 - G A M A  ( 2 ) ^ X 3
Y l  = - G A m A ( 1)  ^ Y 2 - G A M A ( 2 ) ♦ Y i
R23  = s O R T ( ( x 3 . X 2 ) - ^ * 2 + ( Y 3 - Y 2 ) ^ » 2 )
R 1 3 = S 0 R T ( ( X 3 - X l ) 4 f f 2 f ( Y 3 - Y l M * 2 )
F 3 = F A C T o R ^ ( ( X i - X 3 ) / R 1 3 ^ * 3 + G A M A ( l ) » ( X 2 - X 3 > / R 2  3 * * 3 )
RE t u r n  
END

F u n c t i o n  f a { x 2 , y 2 , x 3 , y 3 )
COMMON / F U NCT / F A CT OR,  GAMA( 2 )
X i = - G A M A ( 1 ) ^ X 2 - G A M A ( 2 » ♦XT
Y l = - G A M A ( l ) y Y 2 - G A M A ( 2 > * Y 3
R 2 3  =  s O R T ( ( X 5 - X 2 » ^ ’^ 2 + ( Y 3 - Y 2 ) ’^ * 2 J

R 1 3 = S Q R T ( ( X 3 - X l ) » * 2 f ( Y 3 - Y l » » * 2 )
F A = F A C T 0 R * H Y l - Y 3 ) / R l 3 * * 3 f C A M A ( l ) » ( Y 2 - Y 3 » / R 2  3 » * 3 )
RETURN
END

F U n o t i o n  FF ( v x 2 )
F 5 = V X 2
R e t u r n
FNO

F U N C T I O N  F 6 ( VY2 )
F G=VY2
RETURN
ENO

f u n c t i o n  F 7 ( V X 3 )
F T = V X 3  
RE t u r n  
END

F U N C T I O N  F 8 ( V Y 3 )
F f l = V Y 3  
RE TURN 
ENO
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C P^ OGVAM TO C ORE L AT F  O l S . ) ATA TO MOOFL OAT A.  147
:  N GT f . I  MAXI MUM NUMBFR OF N T R I F S  I N  O- C F l l f .  I S  1 5 0 .

DOUBLE P R E C I S I O M  Q T , Q Y , n r i  
d i m e n s i o n  QT ( 1 5 0 )  , QY ( 150» , n ' J M 0 B ( 7 )
C O M M O N / H l S T / T ( 2  $ S 0 1 )  , o M I N C ( 2 ,  3 0 1 )  $ 0 0  j  S ( 1 5  J ) , I S  A ° , i M A y ^ I S I A P T  
1 , D I F ( 3 0 1 )
I F ( I S T A R T . G T  . 0 ) G O  TO 1 0 0  

10 n o  20 1 = 1 , 3 0 0
T ( l ÿ l ) = 0 #
O M I N C ( 1 , I ) = 0 .

20 C O N T I N U E
I S T A R T = 1  
WR I T F ( 5 , 3 0 )

30 FORMAT ( ' S P E C I F Y  I N P U T  F I L E  N A M F î S S )
R - A D ( 5 , 4 0 ) , F I L L  

4 0 F O R M A T ( A 5 )
CA LL I F I L E ( I  , F I L F )
RE AD(  1 , 50 ) , I M A X ,  F CL f ^ ER,  O T l  ,
l ( N O U M , Q T ( I ) , D o n S ( I ) , Q Y ( I ) , ( O U M 0  5 ( J ) , J = l , 7 ) , I = i , I M A X )

50  F O R M A T ( I 1 0 , 2 n 2 Q . 1 0 / , 1 5 0 ( I 7 , 0 1 7 . 1 0 , F 8 . 5 , F 9 . 5 , 2 X , 3 A 5 , 2 x , 4 A 5 / > )
WR I T E  ( 9 , 6 0 )  , F I L F ,  FCL^^EP 

5.0 FORMAT ( '  I N P U T  F I L F  '  , A 5 ,  ' WR I T T E N  WI TH PF R I  0 0= '  , 1 PD1 5.  9 )
W R I T e ( 5 , 7 o )

70 F O R M A T ( '  ERROR 3 A R S ( 1)  OR N 0 T < C R > : ' , 3 )
R E A O ( 5 , 8 0 )  , I  OAR 

80 F O R M A T ( I )
DO 90 1 = 1 , I MAX 
T ( l , I ) = ( Q T ( I ) - Q T l ) / 3  6 5 . 2 5  
QMI NC ( 1 , I )  = 0 Y ( I )

90 C O N T I N U F
c a l l  l RASE

C f  f  f  f  f  f  + F I  T T I N G  a c c u r a c y  C A L C U L A T I O N .  + f  + + + + + + + + + *  +
100 s U M D I F = 0 ,

c o u n t = o •
I F  ( T ( 2 , N U M )  . L l . 1 ( 2 , 1  ) ) G o  TO 110  
KT P=1 
K3 T = N UM 
Go To 1 2 0  

1 10  KTP=NUM
K 3 T  = 1 

120  C O N T I N U E
0 0  130  1 = 1 , 1 MAX
I F ( T ( 1 , I ) , L T , T ( ? , K T P ) , 0 ° , 1 ( 1 , I ) . G T . T ( ? , K R T ) ) G 0  TO 1 30  
CAL L  N T R P ( T ( 1 , I ) , F I , N U M )
C o U N T = C O U N T + 1.
O I F ( I  ) = 0M I NC ( 1 , I ) - F 1  
sumdif = sumdif^-oif  ( I )  ♦dIF  ( I  )

1 30 C O N T I N U -
I F ( C O U N T . E Q . l . » G 0  TO 1 5 0
R M S F i T = S G R T ( s u m d I F / ( C o u n t - 1 * ) )
WR I T E  ( 8 ,  1 (40) , C O U N T , R M S F I T  
H R i T F ( 9 , 1 4 0  » , C O U N T , P M S F I T  

1 4 0  FORMA T ( '  RMS F I T T I N G  ACCURACY o F '  , F 5 . 0 ,  '  O B S E R V A T I O N S - '  , F 1 0 . 6 )
+ + + f + + f + f + + + + + + f  + + + + + + + + + f + + + + + +

1 5 0  RETURN
e n d
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C L I N E A R  I N T E R P O L A T I O N  S U I ^ O U T l N t .  143
C J=  NUMBER OF E N T R I E S  I N  A R R A / .
3 G I V E N  ARRAYS X ( N) ANO Y ( N ) ,  S U B P O U T I N u  W I L L  F I N D
C FOR EACH VALUE OF XI  THF GORRh SRONOI Nb  VALUE OF Y SUCH
C T HA T  F l = Y ( X ) .

01 m e n s  I  ON X ( S(] 1)  , Y ( 5 01  )
CO M M ON / H I  S T /  T ( 2 t 3 0 1 ) , O M I N 3 ( 2 , 3 0  1 ) , O O B ? > ( 1 S O ) , I 3 A R , I M A X , T 5 T A R T  
1 , O I F ( 3 0 1 )
0 0  10 1 = 1 , 3 0 1  
X ( I )  = T ( 2 , 1 »
Y ( I ) = O M I N C ( 2 , I  »

10 C O N T I N U E
I O R D F R = 0
I F ( X ( 1 » . G T . X ( J ) ) T 0 R 0 F R = 1  
1=1

20  I F ( I O R O E R . G T , D ) G O  TO 3 0
I F  ( X d f l  ) - X l ) 4 0 , S 0 , 5 0

3 0 I F ( X ( I + l ) - X I » B O , 5 0 , 4 0
4 0 1=1+1

I F ( T + l - J ) 2 0 , S O , SO 
50 F l = ( x ( I + l ) - X l ) + Y ( T ) f ( X l . X ( I ) ) » Y ( I + i )

F 1 = F 1 /  (X ( I + l  ) - X ( I )  )
RE TU^ N 
ENO
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Program BINOBS

When planning an observational program for eclipsing binary stars, 

i t  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 l is t ing of times of occurrence for as many as 20 systems. I t  

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

ATP EG 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

tnO
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c PiOûRAM TO c a l c u l a t e  F C l t P S I N G  V A R I A B L E  O B S E R V A T I O N  S CHF OUA L ,

I M P L I C I T  nOÜBLE P R E C I S I O N  ( A - H t O - Y )
01  ME N S I  ON ZS TAR ( 2 0  ) , TR NOi l N ( 20  ) ,  P E R I O n  (? Q) , MAXOA Y ( 12)
D I M E N S I O N  THOL n ( 5 0 ) $  Z S H O L D ( 5 0  ) t T S A V F ( 5 n ) , Z S S A V F ( 5 o )
NO Te * I T Z O N L  I S  STD*  T t m ^ D I F ,  B e T W i e N  OB^ E' ^VATORY AND SMT.
I T  Z0NE = 7

DATA ( ma X D AY ( J ) , J =  t , l î ? > / 3 1 , 2  8 ,  3 1 ,  30 , 5 1 , 7 0 , 3 1 , 3 1 , 3  0 , ^ 1 , 3  0 , 3 1 /  
TYPE 20
F O R M A K ' I H O W  MANY B I N A R I E S  B E I N G  CONST PFPE 0? »,  >
ACCEPT 3 0 , NSTAR

10
20

50

50

120

1 30

ACCEPT 3 0 , NSTAR 
30 F O R M A T ( I )

I F  ( N S T A R . G T , 2 0 . O R . N S T A R . l t • 1 ) GO TO 10 
0 0  flO N = l , N S T A R  
TYPE f+0

4 0 F O R M A T ( / '  ENTER STAR n A M E I ' , S )
C NOTE:  MAXI MUM F I E L D  WI DT H I S  5 .

a c c e p t  5 0 , z S T A R ( N )ACCEPT 5 0 , z S T A R ( N )
F O R M A T ( A 5  )
TYPE 60
F O R M A T ( '  e n t e r  EPHEMERAL  JO,  AND P E R I O D : » , S) 
ACCEPT 7 0 , T K N O W N ( N ) , P E R I O  0 ( N )
F O R M A T ( 2 D )TO

80 c o n t i n u eL, U I 1 U C
0 0  10 0 N = l , N S T A R
TYPE 9 0 , Z S T A R ( N ) , T K N O W N ( N ) , ^ F R I O O ( N )  
p r i n t  9 0 ,  Z S T A R ( N )  , T K N 0 W N ( N ) , P E R I 0 0 ( N )  
F O R M A T ( A i n , 2 0 1 5 . 8 )90

100 C O N T I N U F
T Y p F  110

110  F O R M A T ( / '  AT WHAT JO DOES T H I S  FORCAST B E G I N ? » , F )
ACCEPT 3 0 , I B E G  
T 3 E G = I B F G  
TYPE 1 20
FORMAT ( » FOR HQW MANY DAYS?  » , S)  
a c c e p t  3 0 , L T OP 
T Y P E  130
FORMA T ( » B E G I N N I N G  JO I S  WHAT MONTH,  OAY,  Y E A R ? ( 1 2 , 3 1 , 7 5 )  % » , S )  
ACCEPT 1 4 0 ,  MON,  I o A t E,  l Y R  

1 4 0  FORMA T ( 3 1 )
I 0 A T F = I 0 A T E - 1
I Y R = T Y R - 7 2
L E A P = M 0 0 ( I Y R , 4 )
I F ( L F A P . E O , 0 ) M A X O A Y ( 2 ) = 2 9
F O L L O W I N G  UPDATES EPHEMERAL JO TO B F G G I N I N G  OF FORCAST + + + + ♦«- + 
0 0  1 70  N = l , N S T A R  
0 0  1 5 0  1 = 1 , 1 0 0 0 0 0
E= I
S T A R T = T K N 0 W M ( N ) + E » P £ R I 0 0 ( N )
I ^ ( S T A R T . G c . T B E G ) GO TO 1 60  

1 50  C O N T I N U E
160  T<N0WN ( N)  = ST  a r t

1 70  C O N T I N U E
c Day LOOP + + + + + + + +

DO 3 1 0  L = 1 , L T 0 P  
F L = L - 1  
I C O U N T = 0  
l D A T E = i n A T E + 1
I F ( I D A T F . L E . M A X O A Y ( M O N ) ) G 0  TO 1 8 0  
M 0 N = M 0 N + 1



I F  ( MON. G T . 1 2 ) MON= 1
1 0 A T F = 1 I  r p

180 P ? I N T  1 9 0 , M O N , i n A T E
190  F 0 RMA T ( ' 1 ' f 1 2 ( / ) » ^ 3 X » ' ' ^ L T ^ S I N G  V A R I A B L E  SCHp OUAL  OF M I N I M A * .

1 / 3 7 X * '  F OR N I G H T  B E G I N N I N G  O N ' , 1 3 , '  Z ' , I 3 )
0Û Y = T B F G f ( ^ L  
O A Y l = O A Y f l . O  
ZOAY=DAY 
P R I N T  2 0 0 ,  7 0  AY 

2 00 F O R M A T ( 4 0 X , '  J U L I A N  DA T F I  ' , - i 5 . 4 / / )
P R I N T  2 1 0

2 10  FORMAT ( 2 3 X  , '  S T A R * , ( + X , *  J O OF M I N I M A ' , A X ,  ' U N I V E R S A L  T i m F * ,
1 3 X , ' ST A NDA RD T I M F ' , 3 X , ' 0 A Y > I G H I  T I M E ' , / )
d e t e r m i n e  a l l  M I N I M A  FOR T h I S  DAY + + + + + + + +
Do 24  0 N = 1 , NSTAR 
DO 2 2 0  1 = 1 , 1 0  
E= I - l
T E M P = T K N 0 K N ( N ) f F » P E r i O D ( n )
I F  ( T E M P . G E . O A Y D G O  TO 230  
I G O U N T = I C O U N T f l  
T H O L O ( I c O U N T ) = T l m p  
Z S H g L O ( I C O u N T ) = Z S T  A R ( N)

220  C O N T I N U E
2 30 K N O W N  ( N )  = TEMP
2 40 C O N T I N U r

I F ( I C O U N T . N E . 0 ) G0  TO 2 60  
P R I N T  2 9 0

250  F O R M A T ( 2 0 X , '  NO E C L I P S E S  FOR ANY OF THESE PROGRAM STARS T O D A Y . ' )
GO TO 3 1 0

c F o l l o w i n g  p u t s  m i n i m a  i n  c h r o n o l o g i c a l  o r d e r  4 + + f +  f +  f +  f +»+
2 6 0  0 0  280  M = l , I C O U N T

T S A V E ( M ) = 9 . 9 0 2 0  
DO 2 7 0  J = l , I C O U N T
I F ( T H O L D C J ) . G T . T S A V l ( M ) ) G Q  f O  2 7 0  
T S A V E ( M ) = T H O L D ( J )
Z S S A v f ( M ) = Z S H 0 L D ( j )
J M I N = J  

27 0  C O N T I N U E
THOLD ( J M I N )  = 9 . 9 0 2 1

280  c o n t i n u e

DO 3 00  M = 1 , I COUNT  
T S A V E ( M ) = t s A v E ( M ) - D A Y  
H 0 U R = T S A V e ' ( M ) » 2 4 .
I HOUR= HOUR
F H O U R = I H O U R
MI  N = t  H O U R - F H O U R ) » 6 0 .
I H 0 u R = I H 0 U R + 1 2  
L O c L S  T = i H C U R - I t Z o n e  
L 0 C L D T = L 0 C L 5 T + 1
I F ( I H O U R . G E . 2 4 ) I H 0 U R = I H OUR - 2 4 
I F  ( L O C l ST .GE . 2 4 ) L OCLST  = L 0 c l S T - 2  4 
I F  <LOCl DT . GE . 2 4 ) L OCL OT = L O C L O T - 2 4
Z= T S A V E ( M )
P R I N T  2 9 0 , Z S S A V E ( M ) , Z , I H O J R , M I N , L O C L S T , M l N $ L o C L O T , M T N

29 0  F O R M A T ( 1 9 X * A l G , F 1 2 . 4 , 4 X , I l O , * : * , I 2 , I 1 3 , ' ï ' , I 2 , I 1 3 , ' : ' , l 2 )

3 00  C O N T I N U E
3 1 0  C O N T I N U E

T Y P E  3 2 0
Î 2 0  F O R M A T ( / / / '  P I C K  UP L I N E  P R I N T E R  O U T P U T ' )

t N D
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Program OCPLOT

To obtain a Calcomp plot of an O-C residual f i l e ,  execute the 

Fortran code OCPLOT. The only input required is the name of the f i l e  

which is to be accessed. Plotting specifications and t i t le s  are deter­

mined automatically and a disk f i l e  named GRAPH.DAT is written. To 

complete the plott ing, simply run the library code SPLOT which reads 

this f i l e .

.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 O-C entries which may be plotted by 

this code is 800. Year zero corresponds to January 1, 1980 and there­

fore a l l  eclipses observed prior to this date will be plotted as nega­

tive dates.
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CREAT E DATA F I L E  F q R O- C PLOT OM CALCOMP P L O T T E R . . * .

I S  J ANUARY 1 ,  1 0 8 ] ............................
V I S I O N  P E R I O D , T l , T T
^ F POCH( f l O( ] >  , T T  ( f l OJ ) , n O B S ( f l O O )  , HOLD ( 8 ]  Q * , 0 0 ( 7 ,  8 0 0 )

TYPE l O
10 FORMAT ( '  e n t e r  F I L E N A M E :  '  , ?:)

ACCEPT ? 0 , F l L E  
20 F O R M A T ( A s )

c a l l  I F I L E C l * F I L F )
R E A G ( 1 » 3 0 ) i I M A X , P E R I O O t T l ,
l ( N E P O C H ( T ) , T T ( I ) t O O B S ( I )  , H ] L D ( I ) , ( O o ( J , I ) , J = l ,  7» , I  = 1 , T M A X |

3 0 FORMA T ( T 1 0 , 2 n 2 Q . 1 0 / , 8 0 0 ( l 7 , T 1 7 . 1 0 , F 8 . 5 , F 9 . 5 , 2 X , 3 A 5 , 2 X , V A 5 / ) )
Y MX = G .
□ OBMA x = 0 .
X M N = 0 .
03  40 1 = 1 , I MAX
I F  ( D O O S ( I ) . O T . O O B M A X ) n O B M A X =  OOBS ( I  )
I F  ( Û 3 S  ( HOL D ( I ) ) . G T . Y m X ) Y M X = ! \ 8 S ( H 0 L D ( I ) )
TT ( I )  = ( T T ( I )  - 4 4 2  9 8 . ) / 3  6 9 .  25 
I F ( T T ( I ) . L T . X M N ) X M N = T T ( T )

40 c o n t i n u e

YMX = YMX+ 0 0 DMA X  
Y M A X = 0 . 0 5
I F ( Y M X . G T . 0 . 0 5 ) Y M A X = 0 . i 0
I F  ( V M X . G T . 0 . 1 0 ) Y M A X = 0 , 1 5
I F ( Y m X . G T  . 0 . 1 5 ) Y MA X = Q. 2  0
I - ( Y M X . g T . 0 . 2 0 ) Y M A X = 0 . 2 5
I F ( Y M X . G T . G . 2 5 ) Y M A X = V M X
Y M I N = - Y M A X
X M I N = - 1 Q .
<< = 1
I F  ( y M N . G T . - l O . ) G O  TO 5 0  
X M l N = - 2 f l .
K< = 2
I F ( x M N . G T . _ 2 0 . ) G 0  TO 50 
XM l N = - 3 0 .
K< = 3
I F ( X M N . G T . - 3 0 . ) Go TO 50  
X M I N = - 4 0 .
K< = 4
I F  ( X M N . G T  . - 4 0 , ) GO TO 50  
XM TN = - 5 n •
KK = 5
I - ( X M N . G T . - 5 0 . ) G0  TO 50  
X M I N = - 6 0 .
K< = 6
I F ( x M N . G T . - b O . ) GO TO 50  
X M I N = - 7 0 .
K< = 7
I F ( X M N . G T . - 7 0 . ) G 0  TO 9 O 
XM TN = - 8  n .
K < = 4
I F ( X M N . G T . - 8 0 . ) G 0  TO 5 0  
X M I N = - 9  0 ,
K < = 4
I F ( X M N . G T . - 9  0 . ) Go TO 50  
X M T N = - i n o .
K< = 5

5 q c a l l  O F I L E  ( 1 , ' G R A P H ' )



M f t X r = t M A X / ? + l
W R I T E ( 1 , 6 0 )  i F I L z i P L R I O n ^ ^ M M ^ Y M I N f Y M A X t K K f K K i M A  XI
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APPENDIX 3

SPATIAL CONFIGURATION PLOTS

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

positive abscissa.
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