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ABSTRACT 

We report extensive photoelectric UBV photometry of the variable star 

HZ Her, originally undertaken to discover possible correlations between 

variations in its 1.7 day light curve and the 35 day cycle of the X -ray 

source Her X -1. Correlations recently reported by other groups are con- 

firmed. These, as well as other features observed, are provisionally analyzed 

using a model consisting of a primary star, filling its Roche lobe and being 

illuminated by X -rays. The X -rays are emitted in a beam fixed in a rotating, 

precessing, neutron star secondary. Additional light is being contributed 

by material being transferred from the primary to the secondary. 
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I. INTRODUCTION 

The optical light curve of the X-ray binary 2U1705+34, consisting of 

the X -ray source Her X -1 and the variable star HZ Her, has been observed by 

several groups (Kurochkin 1972; Bahcall and Bahcall 1972; Forman et al. 1972; 

Davidsen et al. 1972; Petro and Hiltner 1973; Jones et al. 1973; Boynton 

et al. 1973; Luytiy et al. 1973; Chevalier and Ilovaisky 1973; and others). 

All of these investigations report a 1.7 day optical periodicity of HZ Her 

in phase with the X -ray variation of Her X -1 (Tananbaum et al. 1972 and 

Giacconi et al. 1973), and some have reported changes in the optical light 

curve over the 35 day X -ray "on- off" cycle. It was with the hope of further 

elucidating changes in the behavior of the optical light curve as a function 

of the 35 day.X -ray period that we undertook a rather extensive program of 

photoelectric UBV photometry of HZ Her during the 1973 observing season. 

II. OBSERVATIONS 

During the period from 28 February 1973 to 29 September 1973, we observed 

HZ Her on 62 nights. All of the photometric observations were obtained on 

the venerable. Steward Observatory 91 cm (36 -inch) reflector on Kitt Peak except 

for tiro nights of observations (28 and 29 February) which were obtained on 

the Kitt Peak National Observatory 127 cm (50 -inch) reflector. Our typical 

operating procedure was to observe HZ Her, sky, Comparison B, and sky in 

rotation, which yielded a three -color data point for HZ Her about once every 

forty minutes. 

Our prinary comparison star (Comparison B) is. located 6' west and l' 

north of HZ Her. The check stars, Comparison A and Comparison C, are 3' 

west, i 5 north, and 3' t l' north respectively. cA sl :ctcll of this field 
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is provided as Figure 1. UBV magnitudes for these three stars were obtained 

in the course of our program and are listed in Table 1. 

In general, each of the 425 observational points represents the mean of 

6 successive 20 second integrations, in each of U, B, and V (a few points 

consist of V and B only). On the 91 cm telescope, we used a Johnson photometer 

with a 1P21 phototube, standard UBV filters, and a current -to- frequency 

converter. All integrations were made using a diaphragm of 32" aperture. The 

observations were reducing using computer programs written by W. S. Fitch and 

S. A. Grandi. A complete set of HZ Her integrations was bracketed by obser- 

vations of the sky and Comparison B. Since HZ Her is of a different (and 

varying) color than Comparison B, second order color corrections were included 

in our reductions. These corrections are described in the Appendix. 

Table 2 lists the heliocentric Julian date of the observation, the V, B, 

and U relative magnitude (in the sense HZ Her minus Comparison B), the phase 

in the 1.7 day cycle, and the 35 daÿ bin assignment (to be explained below). 

The period (1.700165 days) and epoch (J.D. 2441506.3921) used to determine the 

phase were taken from the X -ray observations of Giacconi et al. (1973). The 

light curves are plotted in Figures 2 and 3, which show one and one -half 

cycles in V, B, U, B -V and U -B. 

By reducing our check star observations in the same way as the observa- 

tions of HZ Her, we obtained differential magnitudes with respect to Comparison 

B, and thus determined the reliability of our differential photometry. From 

such an analysis, we found that our mean internal errors were approximately 

O.03 in V, B, and B -V. However, since the U magnitudes of the check stars, 

Comparison A and Comparison C, were significantly fainter than those of HZ Her 

and Comparison B, it was necessary to use a different method of estimating 

t.' .. ( r c i 
Ï : _ cf a U -i; 1:....,. 1'.l ":... t . ,_. r.cr.d ci value of . _ ... ... 

estimate of the U magnitude mean error from the standard photometry of Comparison B. 
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We have divided our data into 6 bins corresponding to portions of 

the 34.88 day X -ray "on -off" cycle (Giacconi et al. 1973). The nominal 

time of X -ray turn -on lies at the midpoint of bin 1 (the actual time of 

X -ray turn -on is within 1.7 days of the nominal time). The X -ray turn -off 

occurs near the middle of bin 3. 

In Figures 4 and 5 our B magnitudes plotted as 1.7 day light curves 

for each of the six bins are shown. We have transformed our differential 

B magnitudes to the UBV system, combined these data with those of Boynton 

et al. (1973), Petro and Hiltner (1973), and Luytiy et al. (1973), and plotted 

these in Figures 6 and 7 using the same format as Figures 4 and 5. Petro 

and Hiltner used our comparison star C as their comparison star; hence we 

have used our photoelectric measurements (in Table 1) to reduce their measures 

to the UBV system. Systematic differences may, however, be present when data 

from several different programs are combined. 

III. FEATURES Or THE LIGHT CURVE 

It is apparent from Figures 4 - 7 that the 1.7 day light curve changes 

shape during the 35 day X -ray "on -off" cycle. The most striking shape change 

in the light curve is the appearance in some bins of a secondary minimum 

around phase 0.5, confirming the results of Boynton et al. (1973) and Chevalier 

and Isovaisky (1973). Moreover, Figures 4 - 7 seem to suggest that the posi- 

tion of the secondary minimum changes from bin to bin. In Figure 8, we 

have plotted, as a function of bin number, mean B magnitudes at phases 0.0, 

0.4, 0.5, and 0.875 in the 1.7 day period. Phase 0.0 represents the primary 

minimum. The light at phase 0.4, although close to nominal maximum, does not 

seem to be affected by the appearance of the secondary minimum. Phase 0.5 

is approximately coincident with the secondary minimu:. Finally, h:. c. 0.E75 
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occurs shortly after the onset of the X -ray eclipse and the magnitude at 

this phase is a measure of the "third light" component (i.e., the system 

phenomenon which causes the sharp bottom of the light curve [Crampton and 

Hutchings 1972]). The features seen at these particular phases are signifi- 

cant from the standpoint of the interpretation presented in Section IV. 

We also point out two features in the unbinned light curve (Figures 2 

and 3). First, both the secondary and the primary minima are apparently 

asym'etricai. The accuracy with which the period is known (Giacconi et al. 

1973; Jones et al. 1973) rules out the possibility that these observed 

asymmetries could be the result of employing a slightly inaccurate period 

when combining our observations into the unbinned light curves. The peak 

before the secondary minimum is brighter than the peak after. In the case 

of the primary minimum, the side approaching phase 1.0 is steeper than the 

side leaving. In fact, the location of the primary minimum itself seems to 

be systematically shifted to a phase lower than 1.0. Second, there is con- 

siderable scatter in the B -V curve, with the largest amount of scatter near 

primary minimum. The U -B curve shows a similar scatter. From our binning 

analysis, we have determined that most of the scatter is due to observations 

in bins 6 and 1; i.e., just before X -ray turn-on and possibly just after. 

IV. INTERPRETATION 

Pending a more quantitative analysis and a consideration of other 

models, both of which will follow in a subsequent paper, we will interpret 

in a somewhat qualitative manner the observed features of the light curve 

in terms of a model consisting of a binary system with the primary star (HZ 

Her) being illuminated by X -rays emitted in a beam or beams fixed in a rotatir.r 

;:cutrci, .:,L..r secondary 0:er X -1) undergoing precession. The energy for 

X -ray emission is supplied by mass transfer from the primary to the secondary; 
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the material being transferred significantly influences the light curve. 

Such a model has been proposed by Strittmatter et al. (1973) and by Lasko 

and Sunyaev (1973). 

Let us consicer the information contained in Figure 8 in light of this 

model. At phase 0.0, we are seeing the back of the primary i.e., the side 

that is never directly illuminated by the X -ray beam. If the X -ray beam has 

no effect on this side of the star, there should be no change in the magnitude 

at this phase over the 35 day precession period of the X -ray beam. That this 

is the case can be seen from Figure 8. In the vicinity of maximum, we observe 

the side of the primary that is being illuminated by the X -ray beam. How- 

ever, very close to phase 0.5, the interpretation is complicated by the pre- 

sence of the accreting matter. Therefore, we consider the data at phase 0.4, 

where presumably the light from the primary is relatively unaffected by the 

accreting matter, but where X -ray heating is still important. It can be 

inferred from Figure 8 that at phase 0.4 the X -ray heating of the primary 

varies during the 35 day cycle. This is consistent with the model of a pre - 

cessing X -ray beam, since such a beam, sweeping across the star at different 

angles, would cause different amounts of heating (Strittmatter et al. 1973, 

Section 5). 

The secondary minimum seen near phase 0.5, which on the average involves 

a reduction of about 20% in the light in the R band, can be explained in terms 

of a mass of accreting matter lying between the two stars. Since in this 

model the infalling matter is the energy source for Her X -1, the X -ray lumino- 

sity of this object provides us with an estimate of the minimum amount of 

matter between the stars. Such considerations lead to an optical depth 

through the matter of the order of magnitude 0.3 (Strittmatter et al. [1973], 

Section 4) . The observed - 20% reduction in the light at maximum is ce..r;i s- 

tent with this. The model also predicts, at the expected temperature of the 
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accreting material, free -free emission sufficient to produce the observed 

sharp bottom of the light curve at primary minimum. The variation in the 

depth, shape and location of the secondary minimum with the 35 day phase is 

presumably due to the effect of the X -ray beam cutting across the disk in 

different directions and locations. A similar variation in the "third light" 

properties of the disk is also suggested by the phase 0.875 data in Figure 8. 

Qualitative evidence for some structure in the accreting matter is also 

indicated by our data. A "trailing tail" - a tendency for the matter to 

accrete along a slightly curve path is expected from angular momentum consid- 

erations. This familiar binary star mass transfer concept explains the ob- 

served asymmetry in both the secondary and primary minima. The lower inten- 

sity observed after the secondary minimum as compared to before is consistent 

with greater obscuration in the trailing tail. Approaching primary minimum, 

the emission from the trailing tail is abruptly eclipsed, but leaving primary 

minimum, the trail comes more slowly back into view, thus causing the asymmetry 

in the primary minimum (see Figure 9). Finally, since the radiation from the 

accreting matter is due primarily to free -free emission, its spectrum is 

flat. Infrared and ultraviolet excesses should therefore be observed when 

this emission is a significant fraction of the total light. This may account 

for the blueward scatter seen around primary minimum in the color curves (see 

Figure 3). 

V. CONCLUSIONS 

Our principle conclusions are: 

1. The 1.7 day light curve of the binary system shows changes from 

cycle to cy-cle, these changes are well.- correlated w it1 the - 35 day on -off 

cycle vi L:.e ubs,ïvfú 
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2. The variable features observed include a secondary minimum (which 

has been reported by other observers), and the position of this secondary 

minimum seems to vary slightly with phase in the 35 day cycle. 

3. Asymmetries in the light curve are observed around this secondary 

minimum as well as around primary minimum. The curve immediately preceeding 

primary minimum is steeper than the curve immediately following the minimum. 

At the secondary minimum, the peak before the minimum is bigger than the 

peak after the minimum. 

4. The amount of light at maximum changes from cycle to cycle in a 

way correlated with the 35 day period. The maximum is highest in bins 1 

and 5 and lowest in bins 3 and 6. 

5. The changes and the features in the light curve can be explained 

in terms of a model consisting of a binary system with the primary star being 

illuminated by X -rays emitted in a beam fixed in a rotating neutron star 

secondary undergoing forced precession. 
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TABLE 1 

UBV PHOTOMETRY OF COMPARISON STARS 

Star V B -V U -B 
Number of Nights 
Star was Observed 

Comparison A 13.25 1.10 0.96 5 

Comparison B 12.60 0.60 -0.01 6 

Comparison C 13.49 0.73 0.08 2 
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FIGURE CAPTIONS 

1. Finding chart for HZ Her and comparison stars. 

2. U, B, and V relative magnitudes of HZ Her plotted versus phase in the 
1.7 day period. 

3. U -B and B -V relative colors of HZ Her plotted versus phase in the 1.7 
day period. 

4. Bins 1 through 3 of our relative B magnitude data plotted according to 
phase in the 1.7 day period. 

5. Bins 4 through 6 of our relative B magnitude data plotted according to 
phase in the 1.7 day period. 

6. Bins 1 through 3 of the combined B magnitudes. Diamonds indicate our 
data, crosses indicate data from Boynton et al. (1973), hexagons indi- 
cate data from Petro and Hiltner and stars indicate data from Luytiy 
et al. 

7. Bins 4 through 6 of the combined B magnitudes. The symbols used are 
the same as in Figure 6. 

8. B magnitudes, at various phases in the 1.7 day period, plotted versus 
bin number. Parentheses around a point indicate an uncertain value. 

9. A schematic sketch of the HZ Her /Her X -1 system according to the model 
discussed herein, showing the intervening matter and the "trailing tail ". 
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APPENDIX 

The photoelectric photometry reduction equations for the Steward Obser- 

vatory 91 cm reflector are: 

V = Z1 + my - 0.046 (B-V) - 0.18X (1) 

B-V = Z2 + 1.10 
Cbv 

- 0.12 X +0.035 X (B-V) (2) 

U-V = Z3 + 1.04 Cuv - 0.39 X +k 
uy 

X (3) 

where Z and Z3 are zero points, mv, Cby and Cuv are instrumental magni- 

tudes and colors, X is the airmass, and kuy is the color dependent extinction 

term in (U -V). All the coefficients in equations (1) through (3) are mean 

values, except for the 
kuv 

term, which is derived from values given for kub 

by Johnson (1963) and is dependent, in a complex way, on color. In any case, 

kuv is never greater than 0.025. 

Since we have obtained differential photometry, our data consist of pairs 

of observations reduced to the same airmass and time. Therefore, our equa- 

tions become: 

AV = Amv - 0.046 A(B-V) 

1.10 
A(B-V) - 1-0.035X 

GC 

A(U-V) = 1.04 OC + k 
uv 

where the "n" indicates a differential value. 

This places AV, A(B -V), t(U -V) on the UBV magnitude scale, lacking only 

a zero point (the magnitudes and colors of the comparison star) to be UBV 

standard values. 
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TABLE 2 

p}HOTOELECTRIC OBSERVATIONS OF HZ HER 

HEL.J.D. PHASE AV 
2441000+ 

,810.873 

AB AU BIN HEL.J.D. PHASE 
2441000+ 

AV AB AU BIN HEL.J.D. PHASE AV 

2441000+ 
AB AU BIN 

741.992 .575 .557 -.027 -.735 6 310.894 .101 1.569 1.161 1. 04 2 5 829.914 .289 .768 .202 -.412 3 

742.975 .153 1.051 .593 .095 6 810.917 .115 1.490 1.059 .881 5 829.934 .300 .750 .193 -.423 3 

742.991 .162 1.012 .532 .015 6 810.935 .126 1.477 1.037 .880 5 830.767 .790 1.152 .648 .252 3 

776.814 .056 1.780 1.290 1.280 6 810.949 .134 1.446 .987 .741 5 830.778 .797 1.148 .699 .385 3 

776.830 .066 1.630 1.110 1.080 6 811.814 .643 .718 .171 -.545 6 831.714 .348 .750 .178 -.404 3 

776.844 .074 1.580 1.050 .950 6 811.842 .659 .868 .088 -.350 6 831.741 .364 .750 .126 -.476 3 

776.856 .081 1.550 1.000 .830 6 811.884 .684 .736 .027 -.399 6 831.757 .373 .738 .196 -.468 3 

776.870 .089 1.510 .940 .800 6 811.919 .705 .767 .222 -.366 6 832.734 .947 1.678 1.247 1.269 3 

778.788 .218 .750 .250 -.350 6 811.966 .732 .926 .473 -.078 6 832.759 .962 1.764 1.442 1.660 3 

778.803 .226 .680 .090 -.500 6 812.749 .193 .953 .373 -.295 6 836.685 .272 .939 .362 -.158 4 

778.819 .236 .640 -.040 -.680 6 812.777 .209 .926 .256 -.310 6 836.706 .284 .878 .304 -.228 4 

778.833 .244 .670 -.020 -.660 6 812.802 .224 .812 .210 -.400 6 836.729 .297 .801 .254 -.333 4 

778.845 .251 .620 -.050 -.740 6 812.842 .248 .685 .076 -.622 6 836.749 .309 .762 .193 -.413 4 

778.857 .258 .610 -.080 -.750 6 812.923 .295 .576 -.023 -.764 6 836.768 .320 .756 .178 -.495 4 

784.846 .781 .620 .031 -.744 1 813.735 .773 1.043 .643 .146 6 836.791 .334 .690 .089 -.584 4 

784.866 .792 .680 .164 -.531 1 813.764 .789 1.114 .588 .195 6 836.809 .344 .644 .034 -.680 4 

784.887 .805 .679 .194 -.440 1 813.789 .804 1.172 .660 .224 6 836.865 .377 .522 -.088 -.896 4 

784.905 .815 .740 .219 -.236- 1 813.817 .821 1.205 .688 .373 6 836.891 .392 .497 -.152 -.994 4 

784.925 .827 .819 .301 -.367 1 813.846 .838 1.255 .775 .388 6 836.912 .405 .467 -.190 -.996 4 

784.940 .836 .847 .331 -.285 1 813.910 .875 1.304 .826 .463 6 836.927 .413 .422 -.193-1.023 4 

785.808 .347 .510 -.075 -.870 1 813.932 .888 1.376 .918 .527 6 841.735 .242 .887 .317 -.270 5 

785.831 .360 .472 -.108 -.913 1 814.754 .372 .625 .038 -.719 6 841.756 .254 .850 .257 -.302 5 

785.855 .374 .489 -.159 -.926 1 814.789 .392 .600 .001 -.776 6 841.775 .265 .826 .230 -.416 5 

785.874 .385 .433 -.200 -1.004 1 814.814 .407 .643 .050 -.669 6 841.868 .320 .521 -.081 -.883 5 

785.889 .394 .436 -.177 -.992 1 814.832 .418 .654 .075 -.602 6 841.888 .332 .479 -.173-1.012 5 

785.909 .406 .450 -.172 -.983 1 814.854 .431 .718 .121 -.526 6 842.696 .807 1.082 .648 .335 5 

785.927 .417 .453 -.169 -.995 1 814.917 .468 .826 .203 -.500 6 842.719 .821 1.118 .730 .352 5 

785.953 .432 .502 -.185 -1.013 1 814.936 .479 .806 .206 -.543 6 842.737 .831 1.237 .789 .470 5 

785.975 .445 .501 -.139 -.957 1 814.951 .488 .788 .159 -.547 6 842.767 .849 1.331 .856 .674 5 

786.829 .947 1.346 1.127 .877 1 817.819 .175 .859 .308 -.223 1 842.878 .914 1.619 1.197 1.124 5 

786.852 .961 1.586 1.324 1.325 1 817.859 .198 .824 .270 -.258 1 842.904 .929 1.657 1.245 1.195 5 

786.871 .972 1.950 1.533 1.471 1 817.865 .202 .820 .323 -.306 1 842.908 .931 1.651 1.251 1.284 5 

786.893 .985 1.947 1.513 1.486 1 817.937 .244 .770 .301 -.267 1 842.916 .937 1.728 1.264 1.215 5 

786.912 .996 2.039 1.526 1.514 1 826.739 .422 .730 .005 -.745 2 842.920 .938 1.734 1.328 1.379 5 

786.928 .005 1.782 1.430 1.549 1 826.763 .435 .674 .047 -.738 2 852.713 .698 .770 .090 -.440 1 

786.945 .016 1.780 1.399 1.511 1 826.783 .447 .677 .062 -.702 2 852.721 .703 .750 .100 -.490 1 

787.818 .529 .827 .083 -.414 1 826.798 .456 .689 .052 -.689 2 852.729 .708 .770 .100 -.410 1 

787.830 .536 .916 .186 -.751 1 826.816 .467 .668 .043 -.712 2 852.737 .713 .800 .140 -.430 1 

787.848 .546 .727 .050 -.593 1 826.840 .481 .678 .049 -.725 2 852.744 .717 .830 .140 -.410 1 

787.869 .559 .718 .035 -.631 1 826.876 .502 .650 -.029 -.862 2 852.754 .723 .840 .160 -.360 1 

787.877 .564 .705 .124 -.398 1 826.899 .516 .558 -.062 -.865 2 852.850 .779 1.010 .170 -.260 1 

787.883 .567 .742 .182 -.418 1 826.924 .530 .552 -.065 -.847 2 852.858 .784 .860 .200 -.250 1 

787.889 .571 .753 .087 -.687 1 826.948 .544 .519 -.085 -.849 2 852.866 .788 .900 .270 -.230 1 

787.893 .573 .600 .075 -.792 1 827.782 .035 1.868 1.410 1.597 2 852.873 .793 .860 .200 -.230 1 

787.905 .580 .536 .022 -.647 1 827.799 .045 1.866 1.430 1.593 2 852.880 .797 .860 .240 -.290 1 

787.910 .583 .618 .026 -.706 1 827.808 .050 1.817 1.390 1.516 2 852.888 .802 .900 .200 -.240 1 

787.916 .587 .671 .120 -.413 1 827.817 .055 1.749 1.365 1.414 2 852.905 .811 .860 .310 -.270 1 

787.921 .589 .665 -.052 -.760 1 827.834 .065 1.776 1.292 1.384 2 852.912 .816 1.000 .190 -.370 1 

787.927 .593 .508 .059 -.580 1 827.844 .071 1.655 1.280 1.242 2 852.919 .820 .830 .210 -.400 1 

787.933 .596 .461 -.064 -.817 1 827.863 .082 1.752 1.213 1.216 2 853.739 .302 .731 .174 -.453 1 

787.939 .600 .513 -.168 -.799 1 827.872 .088 1.636 1.178 1.071 2 853.761 .315 .720 .130 -.487 1 

787.944 .603 .584 .093 -.880 1 827.896 .102 1.534 1.059 .986 2 853.803 .340 .653 .071 -.545 1 

797.785 .391 .604 .101 -.571 3 827.913 .112 1.483 1.063 .944 2 853.833 .357 .680 .059 -.631 1 

797.805 .403 .621 .028 -.676 3 827.933 .123 1.461 .930 .870 2 853.855 .370 .586 -.021 -.752 1 

797.841 .424 .683 -.001 -.681 3 827.943 .130 1.339 .967 .779 2 853.881 .386 .615 -.014 -.752 1 

797.867 .439 .624 .001 -.704 3 829.685 .154 1.385 .950 .622 3 854.725 .882 1.074 .551 .004 1 

797.884 .450 .649 .001 -.742 3 829.694 .160 1.377 .904 .611 3 854.745 .894 1.171 .673 .115 1 

797.904 .461 .618 -.017 -.762 3 829.721 .175 1.240 .762 .412 3 855.693 .452 .665 .019 -.760 1 

797.923 .472 .613 -.021 -.810 3 829.729 .180 1.234 .721 .377 3 855.707 .460 .677 .023 -.706 1 

797.951 .489 .529 -.107 -.912 3 829.754 .195 1.136 .604 .199 3 855.726 .471 .694 .086 -.663 1 

797.965 .497 .514 -.126 -.977 3 829.763 .200 1.099 .616 .180 3 855.743 .481 .734 .107 -.659 1 

809.820 .470 .640 -.004 5 829.772 .205 1.088 .578 .105 3 855.760 .491 .788 .138 -.642 1 

809.853 .490 .639 .024 -.743 5 829.792 .217 1.048 .533 .034 3 855.790 .508 .771 .163 -.643 1 

810.767 .027 1.778 1.403 1.496 5 829.806 .225 .986 .479 -.035 3 855.807 .518 .801 .189 -.549 1 

810.786 .038 1.794 1.359 1.442 5 829.831 .240 .919 .387 -.162 3 855.821 .527 .784 .193 -.539 1 

810.805 .049 1.759 1.366 1.405 5 829.845 .248 .881 .350 -.249 3 855.838 .537 .794 .192 -.569 1 

810.823 .060 1.730 1.304 1.294 5 829.858 .256 .830 .312 -.272 3 855.853 .546 .802 .174 -.525 1 

810.840 .070 1.674 1.285 1.206 5 829.878 .267 .857 .276 -.348 3 855.870 .556 .772 .148 -.509 1 

810.858 .081 1.638 1.209 1.098 5 829.887 .273 .817 .236 -.355 3 855.885 .564 .766 .187 -.567 1 

.089 1.605 1.168 1.054 5 829.905 .284 .764 .207 -.392 3 855.900 .573 .717 .160 -.534 1 



A. 7randi et al. P 2. 

TABLE 2 - continued 

hEL.J.D. PhASE AV AB AU BIN hEL.J.D. PhASE AV AB AU BIN hEL.J.D. PRASE AV AB AU BIN 

855.914 .582 .742 .137 -.522 1 883.716 .934 1.573 1.100 .901 6 932.677 .732 .927 .401 -.149 2 

856.684 .035 1.887 1.422 1.581 1 883.729 .942 1.553 1.209 .971 6 932.694 .742 .806 .275 -.213 2 

856.700 .004 1.741 1.355 1.360 1 883.749 .953 1.947 1.243 1.264 6 932.726 .761 .790 .298 -.082 2 

856.715 .053 1.674 1.240 1.115 1 883.786 .975 2.204 1.610 1.683 6 933.710 .339 .712 .131 -.510 3 

856.732 .063 1.558 1.103 .881 1 883.804 .986 1.688 1.465 1.599 6 933.718 .344 .677 .075 -.558 3 

856.746 .071 1.427 .922 .496 1 883.823 .997 2.057 1.468 1.657 6 940.634 .412 .434 -.167 -.965 4 

656.761 .080 1.316 .807 .315 1 884.707 .517 .720 .070 -.753 6 940.653 .423 .462 -.165 -.975 4 

856.792 .098 1.199 .680 .084 1 884.721 .525 .713 .049 -.728 6 940.671 .434 .480 -.146 -.963 4 

856.809 .108 1.148 .630 1 884.740 .536 .650 .026 -.801 6 940.692 .446 .498 -.164 -1.000 4 

856.823 .116 1.145 .617 1 C84.759 .547 .603 .014 -.809 6 940.710 .456 .505 -.160 -.965 4 

856.837 .125 1.111 .596 .086 1 884.771 .554 .615 -.023 -.806 6 940.735 .471 .518 -.123 -.891 4 

856.853 .134 1.087 .646 .097 1 884.793 .568 .556 -.086 -.846 6 942.628 .585 .581 -.083 -.828 4 

856.867 .142 1.094 .601 .130 1 884.843 .597 .550 -.078 -.833 6 942.648 .597 .523 -.092 -. &51 4 

856.880 .150 1.086 .583 .175 1 884.864 .609 .530 -.035 -.612 6 942.666 .607 .552 -.076 -.814 4 

856.894 .158 1.137 .601 .111 1 884.888 .623 .670 .014 -.703 6 942.702 .628 .641 .009 -.613 4 

856.908 .166 1.110 .543 .117 1 885.745 .127 1.168 .629 .092 6 942.720 .639 .627 .040 -.590 4 

856.923 .175 1.056 .534 .091 1 865.758 .135 1.077 .571 .033 6 942.740 .651 .674 .044 -.502 4 

857.692 .627 .658 .041 -.541 1 885.777 .146 1.096 .539 -.060 6 943.642 .181 1.144 .690 .303 4 

857.706 .636 .636 .029 -.553 1 885.802 .161 .970 .443 -.141 6 943.656 .189 1.111 .658 .248 4 

857.724 .646 .614 .024 -.581 1 885.820 .172 .905 .359 -.239 6 943.669 .197 1.162 .614 .222 4 

857.744 .658 .609 -.013 -.648 1 885.837 .182 .860 .307 -.279 6 943.683 .205 1.105 .602 .137 4 

857.755 .665 .576 -.035 -.646 1 885.851 .190 .862 .269 -.352 6 943.696 .213 1.125 .583 .089 4 

857.790 .685 .546 -.067 -.655 1 885.864 .197 .823 .282 -.338 6 943.709 .221 1.060 .542 .150 4 

857.808 .695 .558 -.058 -.688 1 885.878 .206 .770 .227 -.352 6 943.722 .228 1.034 .506 .004 4 

857.822 .704 .565 -.045 -.639 1 886.707 .693 .776 .234 -.364 6 944.630 .762 .878 .323 -.170 4 

857.844 .716 .557 -.047 -.608 1 886.722 .702 .836 .240 -.285 6 944.643 .770 .893 .412 -.111 4 

857.861 .727 .583 -.022 -.593 1 886.739 .712 .842 .283 -.283 6 944.659 .780 .962 .400 -.066 4 

857.882 .739 .611 .062 -.513 1 886.756 .722 .875 .324 -.206 6 944.674 .788 .965 .450 -.005 4 

857.903 .751 .628 .070 -.443 1 886.770 .730 .884 .363 -.164 6 944.689 .797 1.024 .517 .045 4 

857.923 .763 .689 .138 -.289 1 886.820 .760 .961 .437 -.087 6 945.627 .349 .451 -.150 -.942 5 

857.940 .773 .761 .186 -.202 1 886.837 .770 1.005 .453 -.025 6 945.643 .358 .421 -.201 -.996 5 

858.686 .212 .933 .491 .044 2 886.855 .780 1.000 .464 .006 6 945.654 .364 .429 -.202 -.995 5 

858.694 .216 1.023 .495 -.011 2 ' 886.869 .788 1.027 .490 .050 6 945.667 .372 .445 -.194 -.992 5 

858.766 .259 .853 .278 -.270 2 886.888 .799 .992 .502 .070 6 945.681 .380 .424 -.236 -1.010 5 

858.780 .267 .798 .270 -.304 2 886.902 .808 1.108 .502 .146 6 945.693 .387 .435 -.209 -1.016 5 

858.799 .278 .789 .209 -.466 2 887.726 .293 .734 .167 -.434 1 945.706 .395 .366 -.304 -1.091 5 

858.822 .292 .774 .169 -.480 2 887.740 .301 .729 .163 -.448 1 945.716 .402 .361 -.241 -1.068 5 

858.840 .303 .712 .106 -.565 2 887.760 .313 .698 .137 -.482 1 947.631 .528 .635 -.033 -.830 5 

858.858 .313 .624 .040 -.697 2 887.779 .324 .667 .104 -.537 1 947.642 .534 .621 -.018 -.770 5 

858.876 .323 .612 .004 -.775 2 887.793 .332 .675 .083 -.579 1 947.659 .544 .606 -.022 -.740 5 

858.893 .334 .621 -.035 -.730 2 887.811 .342 .681 .079 -.584 1 947.670 .550 .609 -.022 -.726 5 

858.911 .344 .565 -.014 -.802 2 887.826 .352 .656 .051 -.621 1 947.687 .560 .626 -.029 -.715 5 

860.716 .406 .615 -.013 -.761 2 887.848 .365 .620 -.002 -.656 1 94,7.698 .567 .614 -.021 -.704 5 

860.736 .418 .629 -.011 -.714 2 887.866 .375 .584 -.030 -.715 1 948.632 .116 1.543 1.033 .870 5 

860.748 .425 .667 .033 -.710 2 888.701 .866 .980 .456 -.105 1 948.653 .128 1.455 .973 .824 5 

860.823 .469 .693 .120 -.644 2 888.723 .879 1.037 .528 -.031 1 948.673 .140 1.420 .940 .659 5 

860.855 .488 .774 .140 -.590 2 888.751 .895 1.138 .656 .111 1 948.692 .151 1.416 .956 .699 5 

860.868 .495 .756 .161 -.589 2 888.768 .905 1.193 .697 .204 1 949.660 .721 .871 .354 -.142 5 

860.899 .514 .781 .152 -.573 2 888.784 .915 1.268 .759 .286 1 949.669 .726 .900 .383 -.127 5 

862.689 .566 .655 .008 -.781 2 888.808 .929 1.417 .958 .592 1 949.685 .736 .840 .444 5 

862.709 .578 .642 .020 -.725 2 888.823 .938 1.534 1.095 .856 1 949.704 .746 .962 .472 .062 5 

862.724 .587 .635 -.015 -.777 2 888.843 .950 1.725 1.247 1.240 1 951.621 .874 1.491 1.066 .877 6 

862.739 .596 .681 .020 -.735 2 888.867 .964 1.772 1.360 1.363 1 951.640 .886 1.497 1.066 .858 6 

862.777 .618 .657 .057 -.682 2 889.694 .450 .618 .008 -.767 1 951.657 .895 1.491 1.059 .923 6 

862.792 .627 .616 .002 -.699 2 889.711 .460 .627 .031 -.738 1 952.618 .461 .701 .079 -.590 6 

862.806 .635 .629 .051 -.661 2 889.739 .477 .743 .072 -.759 1 952.638 .472 .694 .087 -.604 6 

862.826 .647 .678 .057 -.647 2 889.759 .488 .719 .100 -.669 1 952.655 .482 .778 .143 -.606 6 

862.841 .656 .697 .091 -.652 2 889.778 .500 .735 .145 -.660 1 952.671 .492 .755 .099 -.647 6 

662.859 .666 .698 .099 -.557 2 889.798 .511 .743 .119 -.714 1 953.618 .049 1.816 1.323 1.284 6 

862.874 .675 .704 .116 -.533 2 889.825 .527 .717 .116 -.733 1 953.630 .056 1.683 1.239 1.165 6 

862.890 .685 .761 .128 -.496 2 899.801 .395 .724 .119 -.467 3 953.646 .065 1.587 1.166 .972 6 

862.907 .695 .775 .172 -.455 2 899.815 .403 .770 .212 -.415 3 953.659 .073 1.552 1.085 .632 6 

870.691 .273 .970 .424 -.063 4 903.697 .687 .918 .272 -.397 3 954.613 .634 .562 -.080 -.772 6 

870.714 .286 .955 .409 -.118 4 903.720 .700 .697 .088 -.547 3 954.626 .642 .563 -.055 -.748 6 

070.742 .303 .868 .344 -.243 4 903.757 .721 .906 .302 -.232 3 954.639 .650 .575 -.021 -.702 6 

870.762 .315 .814 .272 -.321 4 903.775 .732 .912 .410 -.131 3 954.653 .658 .626 .017 -.654 6 

870.786 .329 .837 .216 -.425 4 903.804 .749 .846 .453 -.088 3 954.666 .665 .634 .033 -.612 6 

870.812 .344 .787 .224 -.411 4 926.743 .241 .999 .387 -.087 1 955.634 .235 .687 .110 -.563 6 

880.754 .192 1.101 .739 5 926.767 .256 .833 .309 -.217 1 955.645 .241 .677 .090 -.567 6 

880.794 .215 1.025 .421 .059 5 926.792 .270 .842 .267 -.276 1 955.659 .249 .667 .090 -.539 6 

880.818 .230 .797 .251 -.219 5 927.740 .828 1.044 .481 -.036 1 955.667 .254 .659 .064 -.579 6 

883.712 .932 1.564 1.114 .903 6 927.770 .845 1.087 .560 .079 1 
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