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Abstract: From photoelectric observations in the B spectral
range extending from October 1967 to July 1976 we derived the
complete light curve of U Cephei. The orbital elements resulting
from our solution are essentially the same as Batten’s derived
from the different light curves. From our observations eight
epochs of minima have been determined. Combined with other
photoelectric timings of middle-eclipse the variations of the
period of U Cephei have been investigated. It has been shown
that a departure of the residuals from a parabolic distribution is
caused by two factors : One is physical resulting from the mass
transfer process (Hall, 1975) and the other is observational
caused by errors in deriving the epochs of middle-eclipse from
the observed light curve. The magnitude of the latter effect is
about 0.005 days. We also studied the long-term increase of the
period and found that during the 1974 outburst the rate of
change was affected by mass outflow while no similar effect was
observed during the 1969 outburst.

In the concluding part of this paper we have analysed the light
curves of U Cephei. From our data we have found that the
overall depth of the primary eclipse changes by 071 between
times of active and quiet stage. Similar effects are found near
secondary minima and at phases of maximum light preceding
the primary minimum. The presence of hot spots on the brighter
component is indicated by our observations.

Introduction

Perhaps no other star has been treated more
extensively in recent years than the Algol-type
binary U Cephei. The system consists of a B6 V
.primary star and a less massive G8 IV type secon-
dary. The eclipse is total and its depths is about 3
magnitudes. Since the secondary star fillsits Roche
lobe there is a mass transfer taking place from this
star to the primary. In his extensive treatment
Batten (1974) presented evidence for a luminous
bridge joining the two stars. On the other hand
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Plavec (1974) thinks that a ring or disc exists
around the primary star. '

There is a spectroscopic and photometric evi-
dence for the presence of gas clouds in the system.
The spectra of U Cephei taken at times of primary
minima show emission lines in the Balmer series of
hydrogen and in the H and K lines of calcium. The
intensity of the lines appears to be related to the
activity of the mass transfer process. In spite of
a large number of photoelectric observations of
U Cephei accurate photoelectric observations are
rather few, especially those covering the whole
light curve. Dugan (1920) was the first who from
visual observations derived the photometric orbital
elements for the system. He also observed the
asymmetry of the light curve near the primary
minima which in his opinion was caused by tidal
distorsion of the components. More recent orbital
elements based on photoelectric observations were
obtained, notably, by Batten (1974) and Hall and
Walter (1974). In this paper we will derive the
orbital elements from our photoelectric observa-
tions and they will be compared with those given by
other authors. :

Since the earliest observations of U Cephei it was
evident that the period of the system was increas-
ing. The individual determinations of the epoch of
minima could be represented by a quadratic formu-
la whose coefficients were also published by Batten
(1974). However, on this secular increase of the
period short term variations are superimposed. It is
generally accepted that a mass transfer between the
components of the system is responsible for the
observed change of the period. In Hall’s interpreta-
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tion the short period variations are due to the mass
and angular momentum transfer (Hall, 1975).

Since the first visual observations it was evident
that the form of the light curve is far from regular.
The photoelectric observations show considerable
variations of the light curve during totality. The
observations of Huffer and Code, published by
Batten (1974) show clearly an increase of the
brightness after the second contact. Bakos and
Tremko (1973) also found light changes whose
slant went in the opposite direction of those of
Huffer and Code. The cause of the variability has
been ascribed to various effects, for instance the
chromospheric activity of the G type star, or its
variability or even the presence of a hot spot near
one of the poles of the primary component (Walter,
1975).

An asymmetry of the primary minimum is quite
obvious and results from an absorption on the
descending branch of the light curve. On the other
hand Olson (1976) finds evidence for the addition-
al light due to a ring or disc around the primary
component. Peculiarities are also present at phases
of constant light and during secondary minima.

There is a great variety of problems connected
with U Cephei and in this paper we wish to deal
with some. Mainly on the basis of our photoelectric
observations we shall discuss the light curve and its
variations, we shall derive the photometric ele-
ments and finally we shall deal with the variations
of the period and offer our own interpretation of
observations.

Photoelectric Observations

Our observations were made at the Skalnaté
Pleso Observatory with the photometer attached to
the 60 cm reflector. The photometer is of auto-
matized design using an E/M.I. 6256B photomul-
tiplier tube as light detector and a set of filters
matched to the UBV system has heen used. The
electronic part consists of an integrating amplifier
and an analog-digital converter. The output is
typewritten on a paper for easy inspection and
punched on a tape for reduction by an electronic
computer. A detailed description of the photome-
ter can be found in a paper published by Horak et
al. (1976).

U Cephei has been on the observing programme
since 1967. All phases of the light curve were
adequately covered in the B spectral range, al-
though the minima also have been observed with
V and U filters. In this paper we will discuss just the
B observations. Due to the proximity of the com-
parison star the correction for differential extinc-
tion was not applied.

The observations around the primary and secon-
dary minima have already been published and
discussed earlier by Bakos and Tremko (1973).
Since that time additional observations of minima
have been made. The individual observations ex-
cept those already published (Bakos and Tremko,
1973) have been collected in Table 4, while normal
points can be found in Table 1 and are plotted in
Fig. 1. The epoch of primary minimum was taken at
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Fig. 1. Normal light curve of U Cephei.
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J.D.e1 2439044.3978 and the period at this epoch
was assumed to be P=2.49302 days. The phases of
the normal points were computed by means of the
instantaneous period.

Photometric Orbital Elements

Because of the large number of individual obser-
vations, extending over a time interval of many
years normal points were formed which were used
in our investigation of changes of the light-curve

with time. However, only the points which did not
appeared to be influenced by irregularities were
selected for a determination of the orbital ele-
ments. These have been listed in Table 1 along with
other information pertaining to the adopted solu-
tion.

The computations were performed with Minsk
22 computer of the University of Brno using the
programme of Dr. Vete$nik. For the rectification
procedure the standard Russell—Merrill method
was used (Russell and Merrill, 1952) and the
orbital elements were computed by means of the

Table 1
Phase 6 Am o I Orect ) N
.0027 0.98 —1.942 .014 0.0621 0.99 0.0768 42
.0074 2.69 -1.934 .011 0.0625 2.70 0.0773 31
.0128 4.63 -1.931 .010 0.0627 4.66 0.0774 42
.0171 6.17 -1.915 .002 0.0636 6.20 0.0783 79
.0229 8.26 -1.618 .005 0.0844 8.30 0.0989 60
.0281 10.13 -0.984 .008 0.1518 10.18 0.1661 70
.0331 11.93 —0.487 .000 0.2390 11.99 0.2529 50
.0378 13.63 -0.137 .006 0.3283 13.70 0.3418 41
0426 15.34 0.167 .007 0.4340 15.42 0.4470 42
.0484 17.45 0.420 .000 0.5475 17.53 0.5599 47
.0527 18.99 0.569 .007 0.6277 19.09 0.6397 25
.0583 20.99 0.728 .003 0.7257 21.10 0.7371 31
.0614 22.12 0.799 .000 0.7750 22.23 0.7859 25
.0748 26.96 1.013 .000 0.9436 27.08 0.9531 19
.0766 27.58 1.075 .012 0.9993 27.71 1.0085 27
.0830 29.89 1.078 .000 1.0018 30.02 1.0105 24
.0862 31.03 1.046 .000 0.9727 31.17 0.9813 31
.0987 35.36 1.080 .027 1.0009 35.71 1.0083 36
.1008 36.31 1.066 .000 0.9908 36.45 0.9981 10
.1096 39.46 1.060 .000 0.9854 39.61 0.9919 42
.1186 42.72 1.077 .031 1.0016 42.87 1.0072 39
1281 46.13 1.071 .000 0.9954 46.29 1.0002 21
1724 62.07 1.097 .000 1.0195 62.19 1.0199 30
.1847 66.50 1.086 .000 1.0093 66.61 1.0086 41
2190 78.85 1.085 .000 1.0083 78.90 1.0051 31
2293 82.57 1.081 .000 1.0046 82.61 1.0007 30
2396 86.28 1.067 .000 0.9917 86.30 0.9874 31
2494 89.79 1.067 .000 0.9917 89.78 0.9869 30
.2605 93.79 1.071 .000 0.9954 93.77 0.9901 31
.2698 97.14 1.075 .000 0.9991 97.10 0.9934 27
2793 100.55 1.077 .000 1.0009 100.50 0.9950 35
2894 104.19 1.085 .000 1.0083 104.12 1.0022 30
.3050 109.81 1.084 .000 1.0074 109.71 1.0011 26
3204 115.36 1.091 .000 1.0139 115.24 1.0076 30
3331 119.91 1.085 .000 1.0083 119.78 1.0022 30
3431 123.52 1.085 .000 1.0083 123.38 1.0024 30
3511 126.42 1.080 .000 1.0037 126.28 0.9980 25
3597 129.52 1.083 .000 1.0065 129.36 1.0010 27
.3698 133.13 1.086 .007 1.0097 132.97 1.0045 92
.3783 136.21 1.083 .000 1.0063 136.05 1.0013 52
3922 141.21 1.092 .000 1.0148 141.06 1.0103 8
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Phase e Am o I Orect j - N
.4047 145.70 1.079 .000 1.0028 145.56 0.9987 39
4176 150.34 1.077 .000 1.0009 150.20 0.9973 33
4375 157.50 1.069 .000 0.9936 157.39 0.9906 35
4442 159.92 1.072 .000 0.9963 159.82 0.9935 32
4549 163.77 1.066 .000 0.9908 163.69 0.9883 20
4625 166.51 1.064 .000 0.9890 - 166.44 0.9866 49
4781 172.12 1.040 .004 0.9674 172.07 0.9653 40
.4933 177.61 1.027 .008 0.9560 177.59 0.9540 73
.5027 180.98 1.028 .000 ©0.9568 180.98 0.9548 23
5117 184.24 1.054 .000 0.9799 184.26 0.9779 36
.5384 193.85 1.034 .000 0.9621 193.92 0.9597 34
.5496 197.86 1.043 .000 0.9701 197.95 0.9675 34
5726 206.17 1.049 .000 0.9754 206.29 0.9722 37
.6589 237.23 1.077 .000 - 1.0009 237.25 0.9951 32
.6718 241.86 1.083 .000 1.0065 241.99 1.0003 45
.6986 251.52 1.084 .000 1.0074 251.62 1.0011 45
7158 257.69 1.096 .000 1.0186 257.75 1.0124 25
7251 261.05 1.098 .000 1.0205 261.10 1.0145 27
7262 261.43 1.075 .000 0.9991 261.48 0.9933 21
7353 264.73 1.133 .000 1.0539 264.76 1.0479 36
7482 269.36 1.142 .000 1.0627 269.37 1.0571 37
7590 273.23 1.140 .000 1.0607 273.22 1.0556 23
7677 276.39 1.124 .006 1.0450 276.35 1.0406 60
7854 282.75 1.114 .000 1.0356 282.68 1.0324 12
.7904 284.54 1.096 .000 1.0186 284.47 1.0158 28
7955 286.37 1.034 .000 70.9621 286.29 0.9602 6
.8046 289.68 1.084 .000 1.0074 289.58 1.0058 34
.8165 293.95 1.063 .000 0.9881 293.84 0.9877 34
.8326 299.73 1.081 .000 1.0046 299.60 1.0055 34
8461 304.60 1.093 .000 1.0158 304.45 1.0179 37
.8592 309.33 1.060 .039 0.9864 309.17 0.9900 82
8710 313.56 1.025 .000 0.9541 313.29 0.9590 30
.8794 316.58 1.018 .000 0.9480 316.43 0.9537 21
.8880 319.70 1.015 .000 0.9454 319.55 0.9518 30
.8974 323.08 1.007 .000 0.9384 322.93 0.9457 21
.9046 325.67 1.004 .000 0.9358 325.53 0.9437 30
9078 326.81 0.993 .000 0.9264 326.67 0.9346 10
9138 328.98 1.001 .022 0.9333 328.84 0.9420 65
9225 332.13 0.983 .000 0.9183 332.00 0.9277 - 40
9387 337.95 0.762 .002 0.7491 337.84 0.7602 44
9478 341.21 0.535 .007 0.6084 341.11 0.6204 38
9526 342.95 0.375 .007 0.5250 342.97 0.5375 32
9570 344.55 0.192 .008 0.4446 344.47 0.4575 32
9615 346.15 -0.069 .003 0.3487 346.08 0.3621 .21
9679 348.45 -0.466 .007 0.2446 348.39 0.2584 45
9729 350.25 -1.017 .005 0.1464 350.20 0.1607 45
9780 352.10 ~1.608 .011 0.0850 352.06 0.0996 60
9832 353.96 -1.896 .013 0.0648 353.92 0.0794 46
9879 355.65 -1.923 .009 0.0631 355.62 0.0779 49
9919 357.10 -1.931 .022 0.0627 357.09 - 0.0775 19
.9992 359.71 -1.927 .008 0.0629 359.71 0.0777 20

method of Horak (1966). The adopted orbital
elements have been collected in Table 2. In the
same table we have also given the orbital elements
derived by Dugan (1920), Batten (1974) and Hall
and Walter (1974), respectively. The following
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discussion concerning this table is made. Although
Dugan’s solution is based on observations made by
means of a visual photometer it appears to us that
these results are consistent and they can be adopted
as fairly close to those obtained from photoelectric
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Table 2

List of orbital elements

Dugan a?i?)g:: d a dt:;ilc d Tremko and Bakos
R, 0.20 0.20 0.1665 0.1995+0.0010
R, 0.32 0.32 0.3440 0.3151+0.0005
L, 0.9202+0.0015
i 86.4 90 83.14 89.8 8.2
u 0.56 =*0.05
U 0.6 adopted

observations. The slightly different inclination as
compared to ours does not seem to be too signifi-
cant, since this element appears to be the least
accurate. Batten (1974) has made a preliminary
solution based on the photoelectric light curves of
Khozov and Minaev, and of Broglia. Although
there are differences in the elements of these two
solutions, especially in the inclination, Batten’s
adopted values are identical with our solution. Hall
and Walter (1975) also discussed the light curves of
U Cephei and performed a solution for the ele-
ments. They used three different light curves,
namely that of Khozov and Minaev, Catalano and
Rodono and that of Tschudowitschew. In the latter
case the different coefficients for the short region
rectification were used. Although the derived ele-
ments are internally consistent, the consistency was
achieved by choosing a convenient rectification
procedure. Their adopted values for the elements
are numerically different from those of other au-

thors and the difference can be explained as aresult

of their short region rectification method.

The Period and Its Variations

Recently two important papers on the period of
U Cephei were published, namely by Batten
(1974) and Hall (1975). Batten collected all the
times of minima not contained in the paper pub-
lished by Svechnikov (1955) and included many
new photoelectric observations. With these data he
fitted a parabola to the observed times of minima
and by least squares method determined the nu-
merical value of the quadratic term. The epoch
of the primary minimum is then given by the ex-
pression:

Min I=J.D ., 2407890.3643+2.4928379%
XE+6.68x 107X E”.
Although the parabola represents the best fit of
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the residuals it is obvious that large systematic
deviations from the curve exist. Hall (1975) using
Batten’s data analysed the deviations of the normal
points from the quadratic formula and found that
those can be fitted with short parabolic segments,
whose quasiperiod he derived as 9.1+3.8 years.
Both authors agree that the long-term increase of
the period is caused by mass transfer from the less
massive to the more massive component. The short
parabolic segments, in Hall’s interpretation are
explained as alternating period increases and de-
creases. The average period for each segment as
well as their rate of change has been computed. The
abrupt decrease of the period Hall explained as
evidence for the transfer of angular momentum
from secondary to the primary star.

Since in recent times many accurate photoelec-
tric observations of minimum of U Cephei have
been obtained we have decided to analyse the
variations of the period in order to understand the
nature of these changes. In Table 3 we collected all
such photoelectrically derived epochs previously
published by Svechnikov et al. (1972), Batten
(1974), Bakos and Tremko (1973) and others.

The distribution of the residuals with respect to
the quadratic formula has been plotted in Fig. 2. In
a different paper we have already (Bakos and
Tremko, 1976) analysed the variations of the
period using linear formula and drawn our conclu-
sions. The residuals from the linear formula in
Table 3 are indicated by (O-C),, those from the
quadratic formula by (O-C),.'In this paper we
accepted the numbering of epochs according to
Batten (1974). Thus the zero point is shifted by
12497 in comparison with our preceding paper
(Bakos and Tremko, 1976). However, at this place
we would like to mention briefly the main results of
our investigation. We are in accord with the previ-
ously accepted view that the mass transfer is re-
sponsible for the secular change of the period.
Since the flow of matter is not constant as a function
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Table 3

Photoelectric epochs of minima of U Cephei

J.D.tet E 0-C; 0-C - References

2432168.7035 9739 +0.0548 —0.0427 1
2203.6030 9753 + .0520 .0448 1
3564.7515 10299 + .0116 .0589 1
6097.6349 11315 - .0133 .0455 1
6137.5222 11331 .0143 .0460 1
6518.9576 11484 0110 .0381 1
8670.441 12347 - .0038 0112 2
9044.3978 12497 .0000 .0050 3
9403.3935 12641 + .0008 - .0021 1
9787.3243 12795 .0065 + .0064 1

2440086.4908 12915 .0107 .0108 1
0101.4483 12921 .0101 .0103 1
0136.3542 12935 .0137 .0140 1
0141.335 12937 .0084 .0088 1
0213.6372 : 12966 0131 0137 4
0228.5925 12972 .0102 ©.0109 4
0233.5810 : 12974 0127 0134 4
0.243.5555 12978 0151 0158 5
0273.4695 12990 .0129 .0137 1
0440.5195 13057 .0305 .0319 4
0512.8046 13086 .0181 0196 1
0809.4802 13205 .0243 .0266 1
0854.3560 13223 0257 .0282 1
0874.3009 13231 0265 .0289 1
1190.9261 13358 .0381 0412 1
1198.4067 13361 .0397 ©.0427 1
1203.3925 13363 0394 0425 1
1210.8706 13366 .0385 0416 1
1215.8567 13368 .0385 .0416 1
1218.3500 13369 .0388 0419 1
1223.3360 13371 .0388 0419 1
1719.4651 13570 .0569 .0604 5
1901.4641 13643 0654 .0690 5
2267.9345 13790 0619 .0653 6
2302.8402 13804 .0653 .0686 7
2307.8280 13806 6671 .0704 7
2312.8095 13808 0625 .0659 7
2317.7950 13810 .0620 .0653 7
2322.7835 13812 0644 0678 8
2327.7697 13814 0646 0679 7
2337.7362 13818 .0590 .0623 8
2342.7245 13820 0613 .0646 8
2347.7146 13822 0653 .0686 8
2377.6246 13834 .0591 0624 8
2452.417 13864 0609 .0641 9
2462.3927 13868 0645 0677 10
2816.4050 14010 + .0680 + .0706 5

Table 3 (References) 4. BAKOS, G. A., TREMKO, J. (1973): Bull. Astron. Inst.
Czech., 24, 298.

5. TREMKO, J.: this paper.
6. PLAVEC,M,, POLIDAN, R.S. (1975): Nature, 253, 173.

1. BATTEN, A. H. (1974): Publ. Domin. Astrophys. Obs., 7. BATTEN, A. H., PLAVEC, M. (1974): LA.U. Comm. 27,
XIV, No. 10, 191. Inf. Bull. Var. Stars, No. 940.
2. SVECHNIKOV, M. A, SURKOVA, L. P, DANILOV, 8. OLSON, E. C. (1976): Astrophys. J., 204, 141.
V.M. (1972): Var. Stars Bull., 18, 237. 9. POHL., E., KIZILIRMAK, A. (1975): .A.U. Comm. 27,
3. POHL, E, KIZILIRMAK, A. (1966): Astron. Nachr., Inf. Bull. Var. Stars, No. 1163.
289, 191. 10. SURKOVA, L. P. (1975): Astron. Circ., 882, 5.
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of time the rate of the changes shows up in the O-C
diagram as departure of points from a straight line.
In Batten’s diagram this is apparent between
epochs 8000—12000. The same effect is shown in
our Fig. 2. In addition to these two effects shorter
quasiregular fluctuations appear which in Hall’s
paper were fitted by parabolic segments with pre-
viously mentioned period of 9.1 years. His explana-
tion that they indicate sudden decrease of period as
a result of transfer of angular momentum is not
excluded but the effect may be masked by
phenomena associated with the change of the light
curve during primary minima. We have found that
due to filling-in effect of the falling branch of the
eclipse the time of the middle-eclipse is shifted in
a sense of making the period longer and a return to
undisturbed state produces a shift in the opposite
direction which appears as a decrease of the period.
Since it is customary to publish just the epochs of
minima without reference to the shape of the light
curve the danger exists, especially when few obser-
vations are available, that fictitious changes of the
period are recorded. The magnitude of this effect is
at least 0.005 days. Since the quantity AP/Pis used
to derive a measure of the mass transferred un-
realistically large values of AM may thus be derived
(Svechnikov et al., 1972).

During the time interval covered by our Table 3
two outbursts of U Cephei have been recorded

spectroscopically. Batten (1969) observed in 1969
emission lines during the primary eclipse around
the second contact. There are no photoelectric
observations at the time of the event but we have
a number of accurate timings of epochs of minima
about 3 months earlier. We have plotted these
points on an expanded scale in Fig. 3a. From the
plot it is obvious that the outburst started earlier
than detected spectroscopically by Batten (1969)
and secondly, it appears to us that the process of
mass ejection and cloud formation is taking place
over a period of few months. From the scatter of
points in the first diagram we conclude that sudden
changes in mass ejection, cloud formation and their
motion occur. In the plot of residuals there is an
isolated point, nearest to the spectroscopically ob-
served outburst, which in our opinion is rather high.
Although the epoch of the minimum contains no
obvious error we have no reasonable explanation
for its magnitude.

A similar situation is recorded in diagram 3c
which corresponds to another outburst observed in
1974. The latter outburst differs from that in 1969
inasmuch as it slowed down the secular increase of
the period. The situation is reminiscent of that
shown in Fig. 17 of Batten around 1940 (Batten,
1974). In contrast during a quiescent period the
O-C diagram shows a minimal scatter on Fig. 3b.

Polarimetric observations also confirm the fact
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Fig. 2.0-C diagram for photoelectric epochs of minima.
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that U Cephei goes through stages of quiet and
disturbed periods. Coyne (1974) observed the
polarization near primary minima in 1973 and

T 17T T T7T T
0-C ‘ ‘
L . i
+.015 - -
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+o0- © .
L . J
N T

12950 E 13000
Fig. 3a. The spread of the individual epochs of minima in 1969.

found no detectable variation of polarization.
A similar effect was found by Piirola (1975) in
1972 and 1973. On the other hand in 1975 the
latter author found a variable polarization between
the second and third contact pointing to the chang-
ing density of circumstellar matter.
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Fig. 3b. The spread of the individual epochs of minima in 1971.
Fig. 3c. The spread of the individual epochs of minima in 1974.

The Light Curve and
Its Variations

As_we mentioned in the introductory part the
light curves of U Cephei were obtained over
a period of many years. Nevertheless the observa-
tional material is homogeneous since the same
equipment and the same set of filters were used. In
this section we wish to discuss the light curve during
the primary minima, then the secondary minima
and finally the part outside the eclipses.

There exist considerable variations of the width,
depth and shape of the primary minima. The
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overall depth can vary more than 071 which was
confirmed by our observations and the brightness
at second and third contact differs and the bright-
ness during the total eclipse may be variable. There
are also considerable changes in the duration of the
eclipse. The minimum can last more than 2 hours in
the B filter but at other times it is as short as 47
minutes in V colour.

In Hall and Walter’s (1974) discussion the slant
during totality was defined. They have suggested
that an upward slant results from an accumulation
of matter around the hotter star. Walter (1975)
extended the discussion to the downward slants and
argued that such an effect could be caused by
a stream of particles flowing towards the polar
regions and producing the hot spots on the B star.
Due to inclination of the B star’s polar axis and its
precessional motion the hot spot may affect differ-
ent phases of minima during totality. The amp-
litude of this effect in Walter’s estimate is about 072
in the B light and its precessional period he esti-
mated to be 12 years.

The slants derived from our observations during
1968 and 1969 appear to be slightly negative which
does not contradict Walter’s interpretation of the
slants. At present time (1975—1976) mass transfer
and the precession of the B star’s polar axis operate
in the same direction and therefore we should be
observing a maximum positive slant of the minima.
Thus if it is observed it would be a sensitive
indicator of activity af this binary system. On the
other hand a flat-bottomed minima would indi-
cated a small mass transfer activity. However the
slants by themselves do not fully explain the com-
plicated nature of the light curve during primary
minima. For instance, why some minima have
a round bottom, a step shaped bottom or why the
depth of minima is variable.

The shape of the primary minima is asymmetric
due to the deformation of the descending branch.
The distorsion is caused by absorption and/or
filling-in effect by radiating clouds. The effect of
the absorption is to depress the light curve about
the time of the first contact while the effect of
filling-in, noticeable around the second contact,
changes the width of the eclipse. The ascending
branch is much less affected by the phenomena
except for the portion around the fourth contact
which produces a brightening of about 0705. We
believe this is an agreement with the idea of Walter,
that the equatorial hot spot produces the brighten-
ing at the fourth contact. At time of low activity the
brightening is very small and the light curve be-
comes quite flat.
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The brightness of the secondary minima in the
light curve is quite variable. Related to the light
level —17'10 one of our minima is above this level
while others dip below this line up to 0715. There
may exist a relation between the level of secondary
minimum and the activity of the system. However,
no confirmation of such an effect has been made.
The observations of 1969 (high activity) seem to
correlate with the shallower primary minima and
the secondary minimum in 1973 correlates with the
deeper primary minimum, corresponding to a low
activity of the system.

Finally commenting on the phases of maximum
light, which were observed at the time of low
activity, we notice just a small departure from
constancy at the phase 0.25 while at phase 0.75 the
brightness at maximum is variable the deviations
being about 0705. It is worthnoticing that the light
curve appears least disturbed from the time of the
third contact through the phase of constant light
preceding the secondary minimum.

Our final comment on the shape of the light
curve is the following: Because of rather scarce
observations the changes occurring over short-time
intervals cannot be followed adequately and there-
fore are not well understood.

Conclusion

In this paper we have presented observations of
the light curve of U Cephei. The data were used to
derive the geometric elements for the system. The
elements are consistent with those derived by Bat-
ten and are based on the standard rectification
procedure. On the other hand they differ to some
extent from the elements of Hall and Walter who
applied the short region rectification method to
their light curves.

The photoelectrically obtained epochs of pri-
mary minima confirm the well established regular
increase of the period of U Cephei. We found that
during period of increased mass transfer from the
secondary to the primary component the secular
increase of the period was affected only during the
last outburst of U Cephei in 1974. At that time the
period increased at a slower rate than before the
outburst. On the other hand no obvious change
occurred during the 1969 outburst. One important
outcome of our investigation showed that the scat-
ter of the residuals increased during period of high
activity which is caused by the distorsion of the
descending branch of the light curve and it can

produce a spurious short-term variations of the
period.

Finally we have analysed the light curve during
the primary and the secondary minima as well as
the constant phase. We have established a large
degree of variations especially during minima,

Table 4

Blue observations

J.D et Am J.D.pet Am
2440243.2882 -1.009 .3350 —0.992
.2889 -1.007 .3358 —-1.001
.2896 -1.010 .3365 —0.996
.2903 —-1.009 .3399 —-0.998
2910 —1.008 .3405 —1.000
2917 —1.005 3412 -0.999
2924 =1.009 3419 -0.997
.2930 —1.009 .3426 -0.999
.2938 —1.006 .3433 —0.998
2944 —1.008 3441 —0.998
.2951 —1.003 .3448 —0.993
2979 -1.007 .3455 -0.996
.2988 —1.007 .3462 —0.996
.2994 —1.005 .3469 —0.993
.3001 -1.010 3511 —0.991
.3009 —-1.002 3518 -0.991
3016 —-1.009 3525 —0.988
.3023 —1.007 3532 -0.992
.3030 —1.002° 3538 —0.987
.3037 —1.002 3546 —0.987
3044 -0.999 .3552 —-0.987
.3063 —-1.006 .3559 —0.988
.3070 -0.997 .3566 —0.985
3077 —0.995 3573 —0.988
.3085 —0.995 .3580 —0.983
.3092 —1.000 .3608 —0.981
.3100 —-1.005 3615 -0.974
.3106 -0.994 .3620 -0.975
3113 -0.994 3627 -0.978
3120 -0.994 .3635 -0.973
3127 —-0.995 3641 -0.972
3134 —-0.990 .3648 —0.968
3155 -0.997 .3656 -0.967
.3162 —-0.995 .3664 —0.964
3169 —0.993 3671 —-0.965
3176 -0.999 3699 -0.959
.3183 —0.996 .3706 —0.953
.3190 -0.992 3713 —0.952
3197 —0.996 3720 —-0.945
3204 -0.997 3727 —-0.943
3210 —-1.007 3734 —0.943
3218 —1.002 .3740 -0.936
.3225 -0.999 3747 -0.930
3294 -0.994 3754 -0.925
.3301 —0.989 3762 - -0.920
.3308 —-0.991 .3783 -0.912
3315 —0.994 .3790 —-0.909
3322 -0.990 3797 -0.903
3329 —0.993 .3804 —0.905
.3336 —-0.990 3811 -0.894
3343 -0.991 3818 —-0.893
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Table 4 (Continued) Table 4 (Continued)

J.D.her Am J.D.bet Am J.D.pat Am J.D.tet Am
.3824 —-0.895 4454 -0.195 5129 +1.902 .5786 +1.914
.3831 -0.881 4511 -0.080 5151 +1.928 .5793 +1.914
.3839 —0.887 4520 -0.058 5158 +1.930 .5800 +1.946
3846 —0.878 4527 -0.040 .5165 +1.933 .5808 +1.918
.3853 —-0.872 4537 —-0.026 5172 +1.935 .5814 +1.918
.3859 -0.873 4547 —-0.000 5178 +1.937 .5821 +1.918
.3868 —0.863 4557 -0.015 .5185 +1.934 .5828 +1.918
.3893 -0.851 4564 -0.038 .5192 +1.930 .5836 +1.915
.3902 —-0.844 4571 -0.050 .5200 +1.930 .5842 +1.918

3909 —0.835 4581 -0.077 .5206 +1.929 .5849 +1.944
3917 -0.830 4590 -0.095 5214 +1.914 .5870 +1.938
3924 —~0.830 4599 —-0.108 .5220 +1.918 .5877 +1.924
.3931 -0.825 4624 +0.161 .5227 +1.930 .5884 +1.918
.3938 —-0.816 4632 +0.176 .5234 +1.932 .5891 +1.939
.3843 —-0.809 4641 +0.205 .5241 +1.928 .5898 +1.936
.3951 —0.801 4650 +0.212 .5249 +1.934 .5905 +1.934
.3959 —-0.799 4658 +0.235 .5298 +1.917 5912 +1.932
.3966 —0.794 4666 +0.257 .5304 +1.959 .5920 +1.930
3973 -0.787 4678 +0.286 5311 +1.971 .5926 +1.934
4028 —-0.744 4689 +0.310 .5318 +1.982 .5933 +1.958
4034 —~0.740 4697 +0.335 .5325 +1.991 .5954 +1.926
4041 —-0.735 4706 +0.364 .5339 +1.954 .5961 +1.939
.4048 -0.733 4710 +0.369 .5346 +1.938 .5969 +1.959
4056 —0.721 4738 +0.460 .5423 +1.924 .5983 +1.958
4063 -0.710 4745 +0.482 .5430 +1.921 .5989 +1.995
4070 -0.711 4752 +0.501 .5437 +1.910 .5997 +1.975
4076 -0.700 4759 +0.528 .5444 +1.876 .6004 +1.924
4084 —-0.699 4766 +0.547 .5451 +1.903 6011 +1.897
4091 -0.689 ‘4773 +0.574 .5458 +1.898 6020 +1.917
4097 —~0.687 4781 +0.596 .5465 +1.928 6066 +1.758
4124 —-0.656 4788 +0.619 5472 +1.946 6074 +1.807
4133 —-0.651 4795 +0.654 .5479 +1.960 6115 +1.545
4139 —~0.633 4802 +0.677 .5514 +1.923 6122 +1.504
4146 —0.627 4829 +0.814 .5521 +1.940 6130 +1.479
4173 —-0.604 4836 +0.860 .5528 +1.966 6136 +1.457
4181 -0.596 4843 +0.865 5535 +1.908 6144 +1.474
4190 -0.597 4851 +0.921 .5543 +1.985 6150 +1.433
4198 ~0.567 4857 +0.919 .5549 +1.972 6157 +1.418
4205 —~0.560 4864 +0.946 .5556 +1.973 6163 +1.373
4214 —0.547 4871 +0.994 15562 +1.974 6189 +1.181
4224 —0.532 4878 +1.007 .5569 +1.970 6198 +1.150
4253 -0.504 4885 +1.056 .5578 +1.959 6206 +1.119
4261 —-0.495 .4893 +1.090 .5605 +1.950 6213 +1.087
4269 —0.483 .4990 +1.503 5612 +1.915 6221 +1.057
4279 —~0.465 4997 +1.539 .5619 +1.934 6227 +1.026
4296 —0.445 .5004 +1.546 .5626 +1.924 16235 +0.969
4305 -0.432 .5011 +1.568 5634 +1.923 6241 +0.940
4313 -0.419 .5018 +1.615 5641 +1.958 .6248 +0.927
4320 ~0.415 .5025 +1.636 .5647 +1.926 6255 +0.937
4329 —-0.404 .5032 +1.637 .5654 +1.923 6290 +0.778
4336 -0.389 .5039 +1.671 5661 +1,931 6298 +0.729
4364 -0.347 .5046 +1.686 5668 +1.933 6304 +0.719
4371 -0.338 .5053 +1.734 5689 +1.910 .6311 +0.706
4380 ~0.325 .5074 +1.787 .5696 +1.941 6318 +0.654
.4388 -0.310 .5081 +1.790 5703 +1.938 .6326 +0.660
4396 ~0.295 .5088 +1.826 5710 +1.943 6736 -0.432
4405 ~0.282 .5094 +1.804 5717 +1.972 6743 -0.450
4413 —0.274 .5101 +1.899 5724 +1.969 6749 —-0.471
4421 -0.242 .5108 +1.875 5731 +1.957 6756 —-0.470
4438 -0.220 5115 +1.872 5737 +1.913 6764 —0.480
4447 ~0.213 5122 +1.904 5745 +1.914 6770 —-0.493
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Table 4 (Continued)

Table 4 (Continued)

J.D et Am J.D.het Am J.D.pet Am J.D.pet Am
6778 —0.504 3394 -1.001 4114 —0.450 .5361 -1.072
6784 -0.511 .3400 —1.002 4125 -0.447 5368 -1.070
6791 -0.518 3407 -1.004 4134 ~0.447 .5375 -1.070
6798 -0.530 3414 -0.998 4143 -0.422 .5382 -1.073
6805 -0.536 3422 ~1.004 4153 -0.420 .5389 -1.073
6832 -0.569 3430 -0.998 4190 -0.309 .5396 -1.071
6839 —0.584 .3436 -0.967 4199 -0.386 .5403 -1.072
6846 -0.593 3464 -0.982 4211 -0.353 .5410 -1.066
6853 -0.600 3471 -0.989 4220 -0.353 .5452 -1.075
6860 -0.613 3478 -0.986 4228 -0.335 .5458 -1.073
6867 -0.619 .3485 -0.971 _ 4237 -0.296 .5466 -1.076
6874 —-0.634 3492 -0.983 4246 —-0.294 5472 -1.077
6880 -0.638 .3499 -0.976 4254 -0.247 .5479 -1.082
6887 -0.649 .3506 -0.960 4262 -0.232 .5486 -1.082
6895 -0.655 3513 -0.963 4270 -0.275 .5494 -1.085
6915 -0.678 3523 -0.959 4279 -0.247 .5500 -1.079
6922 -0.684 3530 -0.948 4328 -0.162 .5507 -1.081
6929 -0.695 3560 -0.927 4341 -0.141 5515 -1.078
6935 -0.701 3568 -0.923 4351 -0.132 .5556 -1.074
6944 -0.717 .3603 -0.914 4361 -0.099 .5563 -1.068
6951 -0.718 3612 -0.913 4371 -0.076 .5570 -1.068
6957 -0.723 .3621 -0.893 4381 -0.055 5577 -1.063
6865 -0.729 3630 -0.891 4390 -0.013 5584 -1.067
6971 —-0.740 .3636 —-0.885 4400 +0.032 .5591 —-1.067
7006 -0.766 .3644 -0.883 4408 +0.015 .5598 —1.064
7011 -0.772 3714 -0.839 4421 +0.082 .5605 -1.065
7018 -0.777 3720 -0.837 4512 +0.284 .5613 -1.063
7026 -0.787 3728 -0.832 4522 +0.272 .5620 -1.067
7034 -0.793 3735 -0.824 4531 +0.298 .5626 -1.067
7040 -0.799 3741 -0.822 4539 +0.328 .5634 —1.064
7047 —0.809 3748 -0.811 4546 +0.335 .5675 -1.074
7054 -0.810 3755 -0.809 4553 +0.363 .5682 —1.080
7061 -0.817 3762 -0.798 4561 +0.368 .5689 -1.072
7068 -0.824 3769 -0.796 4569 +0.418 .5696 -1.070

3776 -0.784 4578 +0.437 .5703 -1.068

2440248.3137 -1.034 .3802 -0.745 4584 +0.470 .5710 -1.068
3145 -1.032 3811 -0.726 4593 +0.484 5717 -1.066
3152 -1.029 3817 -0.745 4631 +0.632 5724 -1.064
3158 -1.021 - 3824 -0.738 4640 +0.664 5731 -1.064
3165 -1.039 3831 -0.730 4650 +0.755 5738 -1.061
3173 —1.040 .3838 -0.722 4660 +0.792 5772 -1.060
3185 -1.053 .3849 --0.719 4670 +0.857 .5780 -1.062
3197 -1.060 3871 ~0.696 4678 +0.923 .5786 -1.062
3208 -1.014 .3881 -0.691 4688 +0.946 .5793 -1.060
3214 -1.020 .3890 -0.692 4695 +0.984 .5801 -1.065
3220 -1.050 .3920 -0.667 4702 +1.018 .5808 -1.067
3227 -1.045 3928 -0.659 4712 +1.018 .5814 -1.066
3258 -1.024 .3936 -0.659 4755 +1.267 .5822 -1.059
.3280 -1.029 .3942 -0.654 4765 +1.353 .5829 -1.063
3290 -1.022 .3950 -0.648 4779 +1.356 .5835 -1.066
3298 -1.029 .3956 -0.627 4796 +1.421 .5871 -1.061
3305 —-1.024 .3967 -0.636 4808 +1.478 .5878 -1.064
3310 -1.020 .3980 -0.639 4817 +1.499 .5884 .  —1.057
3317 -1.023 3991 -0.603 4826 +1.609 .5891 -1.064
3324 -1.017 .4007 -0.604 4838 +1.653 .5898 -1.055
3331 -1.016 4055 -0.557 4848 +1.687 .5906 -1.056
3339 -1.013 .4066 —-0.555 4859 +1.731 5913 -1.054
3344 ~1.008 4075 -0.557 .5920 ~1.058
3373 -1.004 4084 -0.538 2440284.5340 -1.069 5927 -1.057
.3380 -1.003 4094 -0.507 .5348 -1.067 .5936 -1.055
3387 -1.006 4104 -0.507 5354 -1.067 .5941 -1.059
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Table 4 (Continued) Table 4 (Continued)

J.D.hd Am J.D.hd Am J.D.hd Am J.D.hel Am

..5968 -1.063 6570 —-1.066 4030 +1.559 .4960 —-0.770
.5975 —-1.069 6578 —1.068 4036 +1.512 .4969 -0.784
.5982 -1.070 6584 —-1.067 4044 +1.471 4975 -0.789
.5989 —-1.068 6590 —-1.067 4060 +1.413 4982 -0.799
.5996 -1.073 6598 -1.068 4067 +1.363 4989 -0.800
.6003 -1.073 .6606 -1.072 4117 +1.126 4997 -0.801
6010 = -—1.078 6632 -1.074 4124 +1.087. .5004 -0.815
6017 -1.075 6638 -1.068 4131 +1.056 .5011 -0.820
6025 -1.075 6646 -1.067 4139 +1.019 .5019 -0.817
.6032 -1.068 6653 -1.070 4147 +0.979 .5027 -0.827
.6058 -1.067 .6660 -1.076 4153 +0.957 .5767 ~1.062
.6065 -1.066 .6666 -1.073 4161 +0.930 5774 —-1.062
6072 -1.071 6674 -1.082 4171 +0.900 5781 -1.065
6078 -1.079 6681 -1.077 4178 +0.843 .5789 —-1.066
.6085 -1.072 6688 -1.072 4186 +0.828 .5796 -1.063
.6092 -1.079 .6695 -1.078 4192 +0.793 - .5803 -1.066
6100 -1.078 4281 +0.457 .5812 —-1.067
6107 —1.0782440318.3454 +1.987 4288 +0.441 .5818 -1.072
6114 -1.075 .3462 +1.917 4296 +0.426 .5826 —-1.067
6120 -1.081 .3469 +1.963 4303 +0.390 5943 —~1.061
6128 —1.089 3477 +1.963 4311 +0.369 .5950 —1.054
6169 -1.081 .3484 +1.978 4316 +0.347 5957 -1.063
6176 -1.079 .3513 +1.963 4324 +0.317 .5965 -1.055
6183 —-1.082 3521 +1.956 4339 +0.268 5972 ~1.057
6199 —1.087 .3528 +1.948 4346 +0.247 .5980 -1.055
6205 —-1.085 .3536 +1.970 4354 +0.228 .5987 —-1.056
6212 —-1.082 .3546 +1.932 4392 +0.130 .5995 -1.055
6218 -1.082 ~ .3550 +1.932 4399 +0.110 .6002 —-1.052
6225 -1.079 3612 +1.917 4407 +0.091 6025 -1.056
6232 -1.082 .3619 +1.932 4414 +0.073 6032 —~1.049
.6239 —1.080 3627 +1.932 4421 +0.052 6039 —1.054
6246 -1.072 3534 +1.924 4428 +0.031 6047 -1.060
6253 -1.071 .3641 +1.916 4436 +0.022 6054 —~1.054
6259 -1.070 .3649 +1.909 4443 —0.001 6066 —~1.053
6287 -1.071 .3657 +1.916 4451 —0.008 6074 ~1.063
6295 -1.071 .3670 +1.916 4458 —-0.029 6081 —-1.065
6302 -1.075 3678 +1.909 4502 —-0.128
6309 ~-1.066 .3686 +1.916 4510 —0.137 2440319.4172 —1.064
6315 -1.066 3732 +1.930 4517 —0.144 4180 -1.070
6322 -1.070 .3740 +1.915 4525 —-0.169 4186 -1.059
6329 -1.073 3747 +1.930 4532 —0.182 4192 —-1.066
6336 -1.073 3754 +1.930 4539 -0.206 4200 —-1.059
6343 -1.074 .3761 +1.916 4554 -0.208 4207 —-1.061
6350 —1.069 3771 +1.930 4687 —0.467 4214 —-1.053
6356 -1.072 .3788 +1.914 4694 —-0.475 4222 —1.065
6364 -1.075 .3795 +1.924 4702 -0.477 4229 —-1.069
6398 -1.063 .3803 +1.929 4709 —0.497 4236 —-1.072
6407 —-1.065 .3810 +1.936 4716 —-0.500 4297 -1.072
6412 -1.064 .3856 +1.929 AT724 -0.506 4304 -1.073
6419 —-1.064 .3864 +1.907 4819 -0.623 4311 -1.068
6425 -1.061 3872 +1.907 4827 —-0.632 4317 —1.069
6432 -1.055 .3880 +1.899 4834 —-0.651 4325 -1.070
6438 -1.059 13891 +1.907 4842 —-0.656 4332 ~-1.073
6446 -1.056 .3898 +1.907 4849 —0.668 4339 -1.066
6453 -1.062 .3906 +1.906 4857 —-0.666 4347 -1.072
6459 -1.057 3935 +1.883 4864 -0.576 4354 —-1.068
6466 -1.054 .3984 +1.747 4872 —-0.582 4361 -1.073
.6439 -1.067 .3992 +1.704 4879 —0.687 4369 -1.076
6550 -1.065 .3999 +1.697 4886 —0.699 4413 -1.070
6557 —1.069 .4007 +1.656 4894 —-0.702 4420 —1.081
6563 -1.067 4021 +1.582 4953 —-0.764 4428 -1.071
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Table 4 (Continued) Table 4 (Continued)

J.D.Ml Am J.D.pat Am J.D.hd Am J-D~hc| Am
4435 —-1.080 5612 —-1.027 .5948 -1.015 6120 -1.062
4447 ~1.066 .5620 -1.029 .5961 ~-1.021 6127 -1.062
4454 -1.071 5628 -1.030 6134 -1.061
4462 —-1.060 .5635 -1.033 2440511.5272 -1.062 6141 -1.065
4469 —1.068 .5642 —-1.034 5282 —-1.062 6148 —~1.060
4476 -1.063 .5650 ~1.034 5323 —-1.070 6155 -1.063
4484 —-1.056 .5658 -1.029 .5345 -1.070 6161 -1.062
© 4528 ~1.074 5666 ~1.028 .5355 -1.070 6193 -1.061
4535 ~1.075 .5673 —-1.028 .5363 -1.074 6202 -1.063
4543 -1.078 .5681 -1.028 .5371 -1.071 6211 -1.062
4550 -1.074 .5691 -1.023 .5380 -1.071 6217 —-1.062
4809 —~1.061 5741 ~1.022 5417 —-1.078 6223 -1.060
4815 —-1.071 .5748 -1.028 .5428 —~1.067 6229 —-1.053
4822 -1.062 .5763 -1.030 .5437 —-1.065 6238 —-1.049
4830 —1.066 5771 -1.032 .5446 —-1.061 6244 —1.049
4838 —-1.063 5779 -1.025 .5453 -1.063 6251 —1.047
4845 —1.060 5786 -1.030 .5460 —-1.053 6258 -1.045
4852 —-1.064 .5794 —~1.034 .5468 -1.059 6266 -1.042
4859 —1.062 .5844 —-1.023 5474 —-1.054 6310 —~1.040
4867 —1.063 .5851 -1.021 .5480 —~1.056 6316 -1.054
4874 -1.062 .5865 —-1.024 .5487 —~1.054 6323 —-1.052
4933 -1.064 .5874 -1.018 5523 —1.061 6345 —1.048
4939 ~1.071 5888 -1.023 5530 -1.061 6352 —-1.049
4954 —1.064 .5909 ~1.043 .5537 -1.051 6359 —1.048
4962 -1.076 .5917 -1.033 .5544 -1.054 6366 —-1.049
4969 -1.074 .5931 —-1.043 .5550 —1.049 6374 —-1.049
4977 -1.070 .5938 ~1.040 .5557 —-1.056 6381 —-1.053
4984 -1.072 .5981 -1.029 .5565 -1.053 6387 —1.049
.5037 —-1.057 .5988 -1.034 5789 -1.074 6422 -1.059
.5044 -1.062 .5995 -1.027 .5796 -1.069 6429 —-1.048
.5052 ~-1.065 .6002 ~-1.027 .5809 —-1.067 6436 —-1.048
.5059 —-1.064 6011 -1.030 .5816 -1.064 6443 ~1.044
.5066 ~1.062 6018 -1.026 .5823 -1.064 .6450 —-1.054
.5074 —-1.058 6026 -1.024 .5829 —1.064 6456 -1.047
.5096 —-1.057 6033 -1.020 .5836 —-1.065 6463 —-1.047
.5107 —-1.066 6044 -1.015 .5843 —1.061 6470 -1.055
5117 -1.068 6047 —~1.030 .5850 -1.059 6490 -1.061
5135 —-1.059 .6055 -1.031 5857 -1.057 .6498 -1.056
5133 —~1.060 16062 -1.032 5864 -1.056
5142 -1.060 6068 ~1.033 .5894 —1.050 2440870.4813 -1.142
.5200 -1.051 .6076 -1.026 -5901 -1.050 4818 -1.141
.5207 -1.053 .5907 -1.052 4826 -1.142
5214 —1.054 2440501.5399 —-1.042 .5914 -1.052 4833 -1.139
.5221 -1.052 .5413 -1.054 .5921 -1.055 4839 -1.136
.5229 —-1.049 .5424 -1.057 ‘ 5928 . —1.050 4846 -1.142
.5270 ~1.035 .5435 -1.056 .5935 -1.052 4853 ~1.139
.5280 -1.046 .5642 —-1.049 .5942 -1.054 4860 -1.136
.5287 -1.050 .5653 —-1.041 .5949 -1.049 4867 —-1.140
.5318 ~1.046 .5664 -1.031 .5957 —-1.069 4874 -1.135
5378 —1.047 .5675 -1.044 .5988 —~1.049 4996 -1.108
5385 -1.050 .5686 —1.048 .5997 -1.055 5011 -1.114
.5400 -1.043 .5697 -1.046 .6004 —-1.056 .5021 -1.108
.5483 -1.037 5706 -1.048 6017 —1.047 .5028 -1.107
.5490 —-1.041 5717 -1.039 6024 -1.042 .5035 -1.103
.5497 —-1.035 .5860 -1.041 6031 —-1.039 .5042 -1.103
.5505 -1.039 .5871 -1.032 6042 -1.053 .5049 -1.104
.5519 -1.036 .5882 -1.033 .6049 -1.060 .5056 -1.112
5531 —1.040 5893 —1.031 .6056 -1.054 .5063 -1.109
.5554 -1.039 .5904 -1.023 6099 -1.060 .5070 -1.107
.5561 -1.037 .5915 -1.029 6106 -1.062 5160 -1.098
.5605 -1.036 .5926 -1.027 6113 -1.063 5167 -1.106
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5174 ~1.106 6506 ~1.152 .3994 -1.141 4906 -1.103
5181 -1.106 4022 -1.141 4913 . —1.094
5188 —1.103 2441696.3481 -1.144 4029 -1.145 4920 -1.085
5195 ~1.103 .3488 -1.128 4036 -1.146 4927 -1.086
5202 -1.100 .3495 -1.136 4043 -1.148 4934 -1.084
.5209 -1.097 .3501 -1.130 4050 -1.154 4941 -1.082
5334 -1.085 .3508 -1.129 4057 -1.155 4948 -1.087
.5341 -1.082 .3523 -1.144 4064 -1.150 4955 —1.095"
5348 -1.078 3530 -1.133 L4071 -1.155 4961 -1.087
5355 ~1.080 3536 -1.126 4078 -1.143 4968 -1.064
.5362 -1.083 3543 -1.124 4085 -1.140 4975 -1.090
5369 ~1.083 3552 -1.124 4092 -1.145 4982 -1.088
5376 -1.081 3557 -1.121 4098 -1.141 4989 -1.091
.5494 -1.086 3564 -1.120 4125 -1.156 4996 -1.098
.5501 -1.096 .3598 -1.138 4132 -1.149 .5003 -1.091
.5508 -1.095 3606 -1.135 4139 -1.155 .5010 -1.092
5515 -1.100 3613 -1.131 4146 -1.155 .5038 -1.116
5522 -1.099 3620 -1.131 4160 -1.147 .5046 -1.106
.5529 -1.095 3627 -1.123 4167 -1.148 .5051 -1.107
.5536 -1.105 3634 -1.129 4174 -1.148 .5058 -1.106
5543 -1.103 3641 -1.120 4181 -1.140 .5065 -1.105
.5591 -1.109 .3648 -1.127 4188 -1.139 .5072 -1.106
.5598 -1.105 3655 -1.126 4194 -1.137 .5079 -1.102
.5605 -1.104 3662 -1.125 4206 . -1.144 .5086 -1.104
.5612 -1.108 .3668 -1.125 4215 -1.140 .5093 © -1.101
.5619 -1.107 .3682 -1.125 4244 -1.144 .5100 -1.099
.5626 -1.107 3718 -1.139 4251 -1.135 5107 -1.102
5737 -1.098 3724 -1.139 4258 -1.133 5114 -1.102
5744 -1.106 3732 -1.124 4265 -1.129 .5232 -1.101
5751 -1.094 3738 -1.136 4272 -1.129 .5238 -1.095
5758 -1.094 3746 -1.128 4279 -1.132 .5246 -1.093
5765 -1.082 3753 -1.132 4286 -1.132 5252 -1.090
5772 -1.103 3759 -1.138 4293 -1.129 .5259 -1.091
5778 -1.090 .3766 -1.134 4299 -1.134 .5266 -1.086
.5785 -1.086 3773 -1.156 4306 -1.137 5273 -1.092
5792 -1.096 3780 -1.138 4313 -1.136 .5280 -1.085
5799 -1.101 3787 -1.139 4320 -1.132 .5287 -1.090
.5806 -1.097 3794 -1.139 4347 -1.141 5294 -1.094
6113 -1.137 3815 -1.162 4355 -1.135 .5301 -1.090
6124 -1.143 .3821 -1.160 4362 -1.136 .5307 -1.093
6133 ~1.143 3829 -1.146 4369 -1.134 .5328 -1.101
6140 -1.137 .3836 -1.184 4377 -1.134 5335 -1.094
6147 -1.139 .3843 -1.153 4384 -1.136 5342 -1.093
6154 -1.136 3850 -1.141 4393 -1.130 .5349 -1.090
6161 -1.143 .3857 -1.137 4399 -1.131 .5356 -1.090
6167 -1.138 .3864 -1.135 4404 -1.134 .5363 -1.090
6279 -1.132 3870 -1.160 4411 -1.132 .5370 -1.076
6286 -1.148 .3877 -1.148 4419 -1.120 5377 -1.076
6292 -1.152 .3884 -1.142 4425 -1.128 .5384 -1.078
6300 -1.151 3891 -1.152 4432 -1.124 .5391 -1.074
6307 -1.141 .3898 -1.130 4460 -1.136 .5398 -1.070
6314 -1.144 .3905 -1.139 4467 -1.128 .5404 -1.075
6321 -1.148 3932 -1.133 4473 -1.131 .5425 -1.082
6328 -1.140 .3940 -1.135 .4480 -1.116 5432 -1.079
6335 -1.137 .3946 -1.128 4487 -1.128 5439 -1.073
6342 -1.144 3953 -1.128 4494 -1.138 .5447 -1.073
6472 -1.138 .3960 -1.117 4501 -1.138 5454 ~1.068
6479 -1.140 3967 ~1.115 4508 -1.136 5465 -1.073
6486 -1.143 3973 -1.119 4515 -1.135 5474 -1.072
6492 -1.138 .3980 -1.120 4522 -1.138 .5481 -1.080
6499 -1.152 " 3987 -1.115 4528 -1.130 5488 -1.075
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.5495 -1.070 6177 —-1.098 6687 -1.104 .5915 -0.098
.5502 -1.075 6184 -1.095 6694 -1.104 5921 —-0.114
.5530 -1.079 6191 —-1.096 6700 -1.102 5928 —0.124
.5538 -1.082 6198 -1.097 6707 —-1.104 5968 —-0.196
5544 ~1.067 6205 -1.097 6714 -1.105 .5991 —-0.234
.5551 -1.072 6211 -1.101 6721 -1.106 .5996 -0.247
.5557 —-1.065 6218 -1.097 6728 -1.105 .6004 -0.258
.5564 -1.061 6224 -1.100 6735 -1.108 6011 -0.279
.5572 —-1.068 6232 —1.098 6755 -1.106 6018 —~0.301
.5578 —-1.053 6239 —1.099 6762 -1.101 .6024 —0.307
.5585 -1.057 6259 -1.100 6768 -1.101 .6032 -0.300
.5592 -1.058 6266 -1.101 6776 -1.091 .6039 —~0.341
.5600 —-1.057 6273 -1.097 6818 —-1.104 .6045 —-0.348
.5607 —-1.058 6279 -1.095 6826 —-1.097 6052 —-0.366
.5627 —-1.065 6285 -1.098 6855 -1.094 6060 -0.369
.5634 -1.076 6292 —-1.097 .6861 -1.093 6087 —0.409
.5641 -1.064 6300 -1.097 .6868 -1.089 6094 —0.411
.5648 -1.071 6306 -1.095 6875 —1.090 6101 —-0.420
.5654 -1.070 6312 -1.093 6882, -1.092 6108 —0.434
.5662 -1.067 .6320 —-1.094 .6890 —-1.094 6115 —-0.433
.5669 -1.065 6326 -1.093 6897 —-1.087 6121 —0.445
.5676 —-1.063 6333 —-1.094 6904 —-1.094 6128 . —0.460
.5682 -1.057 .6340 -1.093 6911 —-1.087 6136 —-0.468
.5689 -1.071 6361 -1.093 6918 —-1.090 6142 —0.468
.5696 -1.066 .6368 —-1.088 6925 —1.087 6179 . —0.537
5724 -1.060 6375 -1.088 6932 -1.092 6186 —-0.548
.5731 -1.059 6382 ~1.086 6945 -1.095 6193 —-0.551
.5738 ~1.064 6389 -1.079 6200 -0.561
.5745 —-1.060 6396 -1.077 2441709.5589 +0.885 .6207 -0.575
5752 —-1.059 6402 —1.080 .5596 +0.864 6214 -0.578
.5759 -1.057 6409 -1.081 .5603 +0.842 6220 —-0.590
.5766 -1.058 6416 —-1.098 .5609 +0.824 6234 -0.608
5773 -1.053 6423 -1.077 .5615 +0.792 6244 -0.619
5779 -1.058 .6430 -1.072 5622 +0.759 6271 -0.651
.5788 -1.056 6437 -1.075 .5633 +0.718 6278 -0.659
.5794 -1.054 6444 -1.079 .5640 +0.700 6286 -0.679
.5829 -1.056 6473 —-1.099 .5647 +0.662 6293 —-0.680
.5836 -1.055 6479 —1.096 .5654 +0.625 6302 —-0.681
.5843 —-1.044 6486 -1.099 .5682 +0.532 6309 —-0.695
.5850 —-1.046 6493 -1.105 .5688 +0.515 6316 —-0.699
.5857 ~1.042 6498 -1.102 .5695 +0.496 6323 —0.703
.5870 —-1.058 6506 -1.105 .5702 +0.474 6330 -0.722
.5877 -1.061 6514 -1.113 .5707 +0.452 6337 -0.725
.5886 —-1.054 6520 -1.115 5715 +0.439 - .6344 -0.714
.5893 ~1.059 6535 -1.101 5722 +0.401 6371 -0.759
.5899 -1.055 6541 -1.086 5729 +0.392 6379 —0.762
.5906 -1.060 6548 -1.093 .5736 +0.371 6386 -0.774
.6038 -1.090 6575 -1.097 5770 +0.275 6395 -0.776
.6059 —-1.090 6582 -1.106 5777 +0.260 .6403 -0.781
.6067 —-1.090 6590 -1.101 .5786 +0.250 6410 —-0.785
6074 -1.090 6596 -1.102 .5792 +0.223 6417 —0.783
.6082 —-1.084 6603 -1.095 .5798 +0.215 6425 —-0.794
6094 -1.092 6610 -1.100 .5832 +0.112 6432 . —=0.791
6108 —1.092 6616 -1.106 .5839 +0.100 6439 —-0.812
6114 -1.089 6622 -1.105 .5866 +0.027 6470 —-0.842
6122 -1.092 16630 -1.111 .5873 +0.010 .6480 —0.845
6128 —-1.098 6637 -1.102 .5880 -0.007 .6487 —0.857
6135 —1.090 .6644 ~1.105 - .5888 -0.036 .6495 -0.858
6142 -1.097 6651 -1.109 .5895 —-0.050 6507 —-0.869
6163 —1.096 6672 -1.092 .5902 -0.060 6514 —0.880
6170 —-1.094 .6680 -1.109 .5909 —-0.085 6520 -0.881
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J.D.he] Am J‘D.hel Am J,D.hﬂ Am J.D.)‘d Am
6528 -0.892 3822 -1.103 6124 -1.025 .6660 -1.021
6535 —-0.896 3828 -1.099 6131 -1.012 6667 -1.024
6541 —-0.901 3835 -1.102 .6138 -1.024 6676 -1.022
6582 -0.925 .3842 -1.104 6160 -1.031 .6682 -1.018
6589 -0.927 .3849 -1.104 6166 -1.018 6689 -1.017
6596 -0.928 .3856 -1.102 6173 -1.018 . .6696 -1.019
6603 -0.929 .3862 -1.102 6180 -1.012 .6703 -1.015
6610 —-0.930 .3869 -1.101 6187 -1.026 6710 -1.016
6617 —-0.937 .3876 -1.110 6216 -1.029 6717 -1.017
6624 —0.948 .3883 —1.108 6223 -1.031 6724 -1.011
6630 —-0.947 .3890 —-1.108 .6230 -1.030 6731 -1.012
6637 -0.959 .3897 -1.107 6237 ~1.022 6738 —~1.007
.6678 -0.972 .3904 -1.108 6244 ~1.029 6745 -1.010
6686 -0.977 3911 -1.112 6256 -1.019 6779 -1.007
6693 —-0.986 3918 -1.106 6264 -1.020 6786 -1.012
6698 -0.992 .3950 -1.111 6271 -1.016 6793 -1.004
.6706 —-0.994 .3959 -1.112 6278 -1.018 .6800 —1.005
6713 -1.001 .3966 -1.103 .6284 -1.027 .6807 -1.011
6720 —-1.001 3973 -1.103 6291 -1.026 .6814 -1.007
6727 -1.009 .3981 -1.113 6299 -1.021 .6821 —-1.007
6734 -1.003 .3988 -1.112 .6305 —-1.041 .6827 —-1.007
6767 -1.011 .3995 -1.110 6312 -1.032 6834 —1.008
6775 -1.015 .4002 -1.113 .6319 —-1.033 6841 —-1.007
6782 -1.026 .4009 -1.123 6352 -1.029 6848 -1.004
6788 -1.022 4016 -1.118 6359 -1.031 6855 -1.010
6795 -1.027 4023 -1.115 .6366 -1.027 6862 -1.013
.6802 -1.040 4030 -1.114 6373 -1.030 6869 -1.013
.6809 -1.036 4037 —1.111 6380 -1.026 6876 -1.014
.6816 —~1.046 4044 -1.117 .6388 -1.035 6905 -1.014
.6823 —-1.048 4051 -1.117 .6394 —-1.031 6912 -1.011
.6829 -1.040 4292 -1.100 .6401 —-1.032 6919 -1.017
.6868 -1.048 4299 -1.100 .6409 -1.030 6926 -1.016
6877 -1.054 4306 —-1.100 6416 -1.030 6933 -1.015
.6884 -1.064 4313 —-1.104 .6425 -1.021 6940 -1.016
.6890 -1.053 4320 —-1.118 6431 -1.025 6947 -1.021
6897 -1.064 4327 -1.118 .6438 —-1.029 6954 -1.019
.6904 -1.071 4334 -1.124 6445 -1.028 6960 -1.023
6911 —-1.064 4341 —-1.124 6452 -1.028 6967 —-1.024
6918 -1.077 4348 -1.118 . 6479 -1.031 6973 -1.026
6925 -1.072 4355 —-1.118 .6486 -1.031 6980 -1.024
.6932 —-1.056 4362 -1.121 6493 -1.014 6988 —-1.034
6938 -1.073 4369 -1.120 .6500 -1.010 6995 -1.030
6946 -1.058 .5974 -1.019 6507 -1.021 .7002 -1.035
6972 -1.072 .5981 —-1.025 6514 -1.020
6978 -1.078 .5988 -1.019 .6521 —1.020 2441718.6342 —-1.111
.6985 -1.077 .5995 —-1.028 .6528 —-1.020 .6349 -1.105
.6992- -1.092 .6002 -1.014 .6535 -1.020 6356 -1.108
7000 -1.098 .6009 -1.023 .6542 —-1.020 6363 -1.105
.7006 -1.100 6016 -1.021 6549 -1.015 6370 -1.109
.7013 -1.094 .6023 -1.028 6555 -1.015 6377 -1.108
.7020 -1.105 6029 -1.022 6562 -1.015 6384 -1.107
.7026 -1.112 .6026 -1.012 .6569 -1.021 .6391 -1.107
.7033 -1.112 .6043 —-1.024 6576 -1.026 6398 -1.108
7040 -1.102 .6050 -1.027 .6603 -1.021 .6405 -1.110
6076 -1.021 6610 -1.024 6412 -1.113
2441716.3700 -1.104 6083 -1.020 6617 -1.025 6419 -1.110
3707 -1.101 .6089 -1.019 .6624 -1.018 6426 -1.110
3715 -1.097 6096 -1.018 6633 -1.018 6433 -1.113
3722 -1.101 6103 -1.015 6640 -1.020 6439 -1.107
3728 —-1.099 6110 -1.014 .6646 -1.018 6466 -1.115
.3796 -1.108 6117 -1.014 6653 -1.026 6473 -1.108
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J.D et Am J.D et Am J.D e Am J.D bt Am
6480 -1.113 .3050 —-1.099 -3564 —-1.088 4660 —-1.076
6487 -1.114 .3057 —-1.099 3571 —~1.085 4667 —-1.078
6494 -1.114 .3064 —-1.100 3578 -1.083 4674 -1.070
6501 -1.117 3073 —-1.098 .3583 -1.092 4680 —1.068
6508 -1.117 .3080 -1.100 4196 -1.086 4687 -L071
6515 -1.117 .3087 -1.098 4203 ~1.086 4715 —-1.074
6522 -1.114 .3093 -1.098 ” 4210 ~1.084 4722 —1.064
6529 -1.118 .3100 -1.099 4217 -1.087 4729 —-1.064
6535 -1.119 3107 ~1.095 4224 -1.083 4736 —1.065
6542 -1.116 3114 ~1.099 4231 -1.092 4743 —1.067
6549 -1.120 3121 ~1.099 4238 —1.083 4750 —1.065
.6556 -1.120 3128 ~1.095 4245 -1.085 4757 —1.065
6563 -1.118 3135 —~1.098 4252 —1.082 4764 —-1.065
6592 ~1.116 3162 —1.096 4259 -1.084 4771 -1.063
6598 -1.122 3169 —1.092 4266 -1.079 4778 —-1.065
6605 -1.120 3176 -1.100 4273 -1.081 4785 -1.066
6612 -1.124 3183 —1.096 4280 —-1.081 4792 -1.061
6619 -1.118 3190 -1.096 4287 -1.082 4799 -1.063
6625 -1.116 .3197 "~1.096 4294 -1.082 4806 -1.064
6633 -1.119 .3204 —1.099 4301 —~1.088 4811 -1.063
6639 -1.113 3211 —-1.092 4325 —-1.082 4834 ~1.067
.6646 -1.117 3218 -1.090 4333 —1.081 4841 —1.066
6653 -1.115 3235 —~1.094 4340 -1.081 4848 -1.067
6660 ~1.121 3242 —1.098 4347 —-1.085 4855 -1.070
6667 -1.118 3249 —1.090 4355 - —1.087 4862 —-1.057
6674 -1.119 3256 —-1.100 4362 ~1.085 4868 -1.063
6682 ~-1.118 .3263 —-1.095 4369 —-1.092 4875 —-1.058
6688 -1.117 .3270 —~1.096 4380 —1.087 4882 -1.063
6711 -1.121 .3289 —-1.105 4390 -1.093 4889 —-1.060
6716 -1.115"° 3295 —1.090 4397 —1.089 .4896 —-1.062
6723 -1.123 3300 —1.099 4404 -1.088 4903 —-1.063
6730 -1.121 3307 —1.082 4410 -1.092 4910 —1.058
6737 -1.120 3314 —-1.090 4417 —1.090 4917 —-1.064
6744 -1.120 3321 —1.088 4424 -1.091 4924 ~1.063
6751 -1.120 3328 —1.090 4431 —~1.090 4931 —1.066
6758 -1.126 3335 —1.060 4453 —-1.097 4938 —1.065
6765 -1.118 3342 —-1.074 4460 -1.093 4957 —1.058
6772 -1.113 .3348 -1.078 4467 —1.095 4964 -1.056
6778 -1.115 .3355 —1.068 4474 -1.085 4971 —-1.060
6786 -1.116 .3362 —1.064 4481 —1.087 4978 -1.057
6792 -1.118 .3370 —1.084 .4488 —1.095 4985 —1.063
6799 -1.112 3377 —1.088 4495 —1.080 4992 ~1.064
6806 -1.114 .3384 —1.089 4500 —~1.086 4998 -1.065
6833 -1.118 .3391 —-1.079 4507 -1.080 .5005 —-1.065
6840 ~1.122 3414 -1.091 4515 -1.076 .5012 -1.068
6846 -1.116 3421 —1.090 4522 —1.081 .5029 —1.068
6853 -1.112 3432 —1.087 4529 —1.085 .5036 ~1.066
6861 -1.115 " 3439 —1.091 4537 -1.076 .5043 -1.065
6868 -1.115 3446 —1.091 4542 -1.081 5050 - —1.067
6875 -1.116 .3453 —-1.092 4549 -1.078 .5057 —~1.069
6882 -1.118 3467 -1.023 4556 —~1.081 .5064 -1.074
6889 -1.117 3474 -1.085 4588 -1.085 -5082 -1.073
.6896 ~1.119 .3480 —-1.091 4595 —~1.081 .5089 -1.073
.6903 -1.120 .3495 —1.090 4604 —1.080 .5097 -1.070
6910 -1.117 13502 —~1.097 4611 —-1.080 .5104 -1.068
6917 -1.119 ~3509 —~1.090 4618 -1.087 5111 -1.069
6924 -1.125 3515 -1.092 4625 -1.082 5119 -1.067
6931 -1.122 3538 —-1.092 4632 —-1.079 5126 -1.069

. 3544 —~1.085 4639 -1.073 5133 —-1.068
2441747.3035 ~1.102 .3550 —1.089 4646 -1.066 .5140 —1.067
3043 ~1.104 3557 —~1.090 4653 —~1.069 .5147 —~1.067
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J.D.H Am J.D.Ml Am J.D-M Am J.D.h] Am
5154 -1.066 .  .5663 -1.083 .6141 " —1.089 .5097 -1.072
5161 -1.066 .5670 -1.077 6148 -1.087 5111 -1.061
.5168 -1.067 .5690 —1.081 6152 —-1.089 5118 -1.071
5175 -1.070 .5697 —-1.084 6159 —-1.086 5125 -1.065
.5203 -1.073 .5704 —-1.080 6166 -1.081 5148 -1.081
.5229 £1.059 5711 —-1.080 6173 -1.076 - 5155 —-1.082
.5236 —-1.068 5718 -1.075 6330 —-1.081 5162 -1.072
.5243 -1.066 5725 -1.076 6348 —-1.091 5169 -1.073
.5250 -1.067 5732 -1.080 . .6476 —-1.085 5176 -1.075
.5257 -1.067 .5739 -1.080 .6383 -1.075 .5183 -1.077
.5264 —1.068 .5746 -1.079 6390 -1.079 .5190 -1.077
5271 -1.067 5753 -1.076 .6397 -1.077 5197 -1.079
.5278 -1.072 .5760 -1.075 .6404 —-1.081 .5205 -1.074
.5286 —-1.073 .5767 —-1.079 6411 —-1.084 5212 -1.077
.5293 —-1.069 5774 -1.070 . 6418 -1.079 .5219 -1.070
.5300 -1.076 .5781 -1.075 6425 -1.077 .5226 -1.075
.5307 -1.073 .5788 -1.077 6447 -1.079 .5233 -1.071
5314 -1.074 .5795 —-1.082 6454 -1.076 .5240 -1.072
.5321 -1.074 5814 -1.075 6461 -1.083 5247 -1.070
.5328 -1.074 .5821 -1.080 .6467 -1.080 5274 -1.063
5335 -1.070 .5828 -1.076 6473 —-1.088 .5282 -1.066
.5367 -1.075 .5835 —1.081 6480 —-1.087 .5289 —-1.068
5375 -1.075 .5841 —-1.086 .6487 -1.083 .5296 -1.077
.5382 -1.079 .5848 —-1.086 .6494 —-1.087 .5303 -1.072
.5389 -1.074 5854 -1.079 .6501 -1.092 .5310 -1.075
.5396 -1.076 .5861 -1.073 .6508 -1.092 5317 -1.075
.5403 -1.074 .5868 —1.085 6515 —1.094 5324 -1.075
.5410 -1.073 .5875 —1.081 6522 —-1.091 5331 -1.075
.5417 -1.075 .5882 —-1.082 6529 -1.092 5338 -1.078
.5424 -1.075 .5889 —1.084 6536 -1.092 . 5355 -1.081
.5431 -1.075 .5896 —-1.082 6543 —-1.088 .5360 —-1.081
.5438 -1.072 .5903 -1.075 .6550 —-1.090 .5365 —-1.086
.5445 -1.072 5910 -1.067 .5370 —-1.085
5452 —-1.068 5917 -1.067 2441758.4879 —-1.078 5375 —-1.086
.5459 -1.071 .5924 —-1.068 4887 -1.083 5398 —1.090
.5466 —-1.068 .5931 —-1.068 4894 —-1.080 5404 -1.097
.5488 -1.074 .5938 -1.070 4901 -1.078 .5411 -1.096
.5495 —-1.068 .5961 —-1.083 4908 -1.072 5418 —-1.098
.5502 -1.071 .5967 -1.086 - 4915 -1.075 5425 —1.094
.5509 -1.070 .5973 —1.088 4922 -1.077 5432 —-1.099
5516 -1.070 .5980 -1.090 4929 -1.081 .5439 -1.100
5523 -1.070 .5987 —-1.090 4936 -1.079 .5446 -1.102
.5530 -1.074 .5994 -1.091 4943 -1.079 5460 -1.100
.5537 -1.075 .6001 —~1.083 4950 -1.077 .5469 —-1.096
.5544 -1.074 .6008 —-1.088 4957 —-1.084 5476 -1.102
.5551 -1.073 6015 -1.086 4964 -1.079 .5483 -1.100
5557 -1.075 6022 —-1.086 4971 -1.082 .5494 -1.099
.5565 -1.075 6029 —1.085 4978 -1.079 .5503 -1.092
.5572 -1.075 .6036 ~1.081 .5006 —-1.084 .5510 -1.091
.5579 -1.075 .6043 -1.079 .5013 -1.077 .5545 -1.100
.5586 -1.073 6050 —~1.083 .5020 -1.078 .5832 -1.111
.5593 -1.072 6057 —~1.080 .5027 -1.078 .5842 -1.104
5600 -1.080 6079 -1.077 5034 -1.084 .5849 —-1.108
5607 -1.078 6085 —~1.080 5041 -1.082 .5856 -1.112
.5614 -1.078 6092 —~1.087 .5048 —-1.086 .5863 —-1.108
5621 -1.078 6099 ~1.091 .5055 —-1.084 .5870 -1.100
5628 ~1.079 6106 ~1.091 .5062 -1.080 .5877 -1.096
5335 -1.078 6113 —1.088 .5069 -1.091 .5884 -1.100
5642 ~1.085 6120 —~1.087 .5076 -1.089 .5891 -1.103
.5649 —1.081 6127 -1.084 .5083 —1.066 .5898 -1.110
.5656 -1.077 6134 —~1.089 .5090 —-1.066 .5905 -1.107
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J.D.pet Am J.D.per Am J.D.hd Am JDM Am
5912 -1.098 .5200 -0.986 : .5948 -1.055 2753 -1.054
5919 -1.103 5207 -0.987 .5952 -1.058 .5760 -1.052
5924 ~1.105 5214 -0.997 .5959 -1.055 5767 -1.053
.5930 -1.106 5221 -0.998 5966 -1.062 .5795 -1.063
.5943 -1.106 .5254 -1.013 .5997 -1.062 .5802 —-1.068
.5953 -1.093 5262 -1.015 .6004 -1.062 -5809 -1.070
.5958 -1.103 .5269 -1.018 6027 -1.068 5816 -1.068
.5965 -1.107 .5276 -1.021 6043 -1.056 .5823 -1.074
5972 -1.100 .5283 -1.022 6052 -1.058 .5830 -1.069
5979 -1.100 5290 -1.029 6058 - -1.063 -5838 -1.068
.5989 -1.105 .5297 -1.032 6066 -1.060 -5845 -1.067
.6001 -1.110 .5304 -1.023 6073 -1.063 .5852 -1.071
.6009 -1.105 .5310 -1.031 .6080 -1.064 -5859 -1.072
6016 -1.101 5317 -1.030 6104 ~1.068 -5866 -1.071
6026 -1.102 5345 -1.043 6111 -1.055 5872 -1.071
.6033 -1.110 5352 -1.051 6118 -1.056 . 5879 -1.073
6040 -1.103 .5360 -1.055 6125 -1.067 -5886 —1.069
.6049 -1.093 .5366 -1.054 6132 -1.064 5911 -1.077
6056 -1.099 5372 -1.057 6139 -1.061 5918 -1.071
6063 -1.102 5379 -1.058 6147 -1.059 -5925 -1.073
6084 -1.113 .5386 -1.065 6154 -1.059 5935 -1.071
6091 -1.114 .5393 -1.064 6160 -1.063 -5942 -1.074
6098 -1.101 .5400 -1.069 6169 -1.062 -5950 =-1.075
6105 -1.090 .5407 -1.074 6175 -1.058 5955 -1.072
6111 -1.097 .5435 -1.076 6209 -1.056
6118 -1.093 5442 -1.069 6216 ~1.061 2441833.4506 -1.097
6125 -1.099 .5449 -1.064 6222 ~1.067 4513 -1.094
6131 -1.102 .5456 -1.067 6229 -1.061 4520 -1.089
6138 -1.105 .5463 -1.068 6236 -1.059 4527 -1.083
6151 -1.097 .5470 —1.068 6243 -1.058 4534 -1.075
6159 -1.098 .5477 -1.061 6250 -1.061 4542 -1.064
6166 ~1.104 .5484 ~1.065 6257 -1.055 4548 —1.063
6175 -1.106 .5491 ~1.055 6264 —1.056 4550 -1.062
6180 -1.099 .5498 -1.026 6271 -1.057 4557 -1.072
6187 ~1.098 5524 -1.050 6278 -1.058 4565 -1.083
.5533 -1.054 6285 -1.053 4635 -1.063
2441764.4965 -0.856 .5540 -1.055 4642 ~1.066
4979 ~0.858 5547 ~1.053 2441789.5552 -1.065 4649 -1.063
4986 ~0.863 5554 -1.050 5559 -1.065 4656 -1.078
4993 ~0.858 .5561 -1.049 .5566 -1.059 4666 -1.080
.5007 -0.879 .5568 -1.050 5573 -1.052 4675 -1.074
.5014 -0.880 5575 -1.052 .5580 -1.056 4679 -1.067
.5021 -0.891 .5582 ~1.053 .5587 -1.054 4685 -1.074
.5028 -0.894 .5589 -1.054 5594 -1.050 4692 -1.071
.5035 -0.905 .5652 -1.056 5600 - —1.011 4699 -1.076
.5069 -0.916 .5659 -1.058 .5607 -1.056 4706 -1.084
.5076 -0.920 .5667 -1.060 5614 —1.054 4748 -1.073
.5083 -0.932 .5678 —1.064 5621 -1.058 4755 -1.083
.5090 -0.925 .5682 -1.065 .5628 -1.054 4761 -1.082
.5097 -0.935 .5689 ~1.063 5635 -1.048
5104 -0.936 .5696 -1.064 5642 -1.058 2441847.3866 -1.096
5111 ~0.944 .5703 -1.064 5676 -1.058 3873 -1.093
5118 -0.949 5710 -1.068 5684 -1.058 .3880 -1.091
5125 -0.943 5717 -1.061 .5690 -1.063 3915 -1.095
5132 -0.952 5724 -1.063 .5700 -1.059 3922 -1.090
5159 -0.959 5906 ~1.063 5705 -1.055 3929 -1.096
5166 -0.963 .5913 ~1.049 5712 -1.056 3935 -1.092
5173 -0.975 .5920 -1.057 5719 -1.061 3942 -1.094
.5180 -0.977 5927 -1.062 5720 -1.058 .3949 -1.094
5187 -0.980 .5934 -1.056 5733 -1.050 .3956 -1.086
.5193 -0.983 .5941 ~1.059 .5740 -1.049 13963 -1.095
181

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



Table 4 (Continued) Table 4 (Continued)

J'D’hel Am J.D.hd Am -]-D~hel Am J.D.hd Am
3971 -1.101 4653 —1.087 5148 ~1.078 5144 -1.085
.3978 -1.102 4660 -1.095 5155 —1.086 5152 -1.090
.3986 —-1.101 4665 —-1.094 5161 —1.089 5179 —1.088
.3997 -1.098 4671 —1.089 5186 ~1.082
4173 -1.081 4678 —1.089 2441917.4568 -1.127 5193 -1.073
4179 -1.082 4684 ~1.094 4575 1122 .5200 -1.061
4187 -1.085 4692 -1.090 4582 ~1.120 5207 -1.061
4194 -1.091 4697 -1.090 4589 ~1.118 5214 -1.082
4201 —1.084 4702 -1.086 4596 1114 5221 . —1.095
4207 -1.090 4707 ~1.085 4603 ~1.099 5228 -1.101
4214 -1.089 4712 -1.090 4610 -1.104 5235 -1.096
4221 ~1.090 4718 —1.088 4618 -1.126 5241 -1.088
4226 -1.093 4725 -1.091 4624 -1.125 .5249 —1.081
4233 —~1.085 4730 —1.091 4638 -1.120

4239 —~1.091 4737 -1.090 4668 —1.124 2441942.3002 -1.107
4245 ~1.087 4753 —1.094 4673 -1.117 3011 -1.107
4249 -1.082 4760 —1.093 4681 -1.099 3018 -1.112
4254 ~1.090 4764 —1.089 4708 -1.123 3024 -1.106
4261 -1.095 4768 - —1.084 4714 -1.112 3032 -1.105
4291 -1.080 AT72 —1.082 4722 -1.103 3039 -1.111
4297 -1.086 4821 -1.079 4729 ~1.094 3046 -1.107
4306 -1.082 4828 —-1.076 4736 -1.106 3053 -1.104
4313 -1.084 4832 ~1.092 4742 —-1.093 .3060 -1.112
4320 -1.083 4837 —1.084 4749 —-1.095 3152 -1.100
4327 —1.085 4863 —1.090 4755 -1.117 3157 -1.098
4334 —-1.099 4869 —-1.079 4763 ~1.096 3164 —-1.098
4340 —1.084 4876 —-1.071 4770 -1.103 3171 -1.085
4345 —-1.083 4880 —1.082 4777 —-1.099 3178 ~1.077
4352 -1.088 4886 —1.081 4784 -1.108 3185 —-1.074
4358 —~1.083 4892 -1.075 4813 -1.119 3192 -1.087
4363 -1.088 .4898 -1.075 4862 -1.124 3198 -1.088
4368 -1.079 4914 -1.086 4869 -1.125 3205 -1.089
4372 -1.076 4922 -1.095 4876 -1.108 3212 —~1.090
4379 -1.087 4928 ~1.088 4882 -1.103 3285 -1.100
4385 -1.086 4935 ~1.088 4890 -1.109 3292 -1.094
4408 —-1.087 4960 -1.079 4918 -1.139 .3299 -1.079
4414 —1.088 4967 ~1.086 4925 -1.121 3311 -1.085
4419 -1.094 4978 -1.076 4933 -1.118 3324 —~1.090
4425 -1.086 4982 —-1.074 4940 -1.111 3333 -1.089
4430 —1.090 4989 —1.084 4946 -1.107 3340 -1.095
4435 -1.093 4993 —~1.081 4953 —1.111 3348 -1.083
4448 -1.093 4999 ~-1.077 4961 -1.096 3356 —1.088
4454 -1.089 .5006 ~1.080 4968 -1.106 3394 ~1.109
.4496 -1.095 .5011 -1.074 4977 -1.107 3401 -1.107
4502 —1.092 5017 -1.076 4987 -1.104 3408 -1.103
4507 -1.095 5024 -1.078 4998 -1.095 3415 -1.101
4540 ~-1.073 .5030 —~1.084 .5006 -1.086 3422 ~1.105
4547 —1.085 .5033 -1.076 5045 ~1.094 3429 ~1.103
4553 -1.086 .5055 ~1.085 5055 -1.084 3436 ~1.106
4561 -1.055 .5060 -1.089 .5061 -1.072 3443 -1.108
4568 ~1.054 .5064 -1.087 .5068 -1.065 3451 ~1.108
4574 ~1.057 5071 -1.096 5075 -1.058

4580 —1.089 5077 -1.092 .5082 -1.047 2442027.3287 —1.006
4587 —1.089 .5082 —-1.090 .5089 -1.050 3294 -1.007
4594 ~1.086 .5086 -1.082 .5096 -1.055 3302 ~1.009
4599 -1.088 .5093 -1.091 5103 -1.059 3309 -1.014
4606 —1.091 .5099 -1.091 5110 -1.062 3315 -1.011
4612 -1.087 5121 -1.092 5117 -1.058 3322 -1.014
4635 ~1.089 5127 —1.086 5124 ~1.054 3328 -1.013
4641 -1.090 5134 -1.086 5131 -1.053 3336 -1.019
4646 —1.087 5141 -1.076 5138 -1.080 3343 -1.021
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J.D.p Am J.D ey Am J.D Am J.D et Am
3350 -1.017 .3883 ~1.005 4575 -1.036 .5090 -1.032
3385 -1.025 .3890 ~1.004 4596 -1.039 .5097 -1.032
.3392 -1.027 .3896 -1.009 4603 —-1.038 .5103 —-1.034
3399 -1.023 .3904 -1.011 L4609 —-1.032 .5108 -1.029
.3406 -1.028 3911 —-1.008 4616 —1.032 5118 -1.026
3413 -1.021 3918 ~-1.011 4624 -1.030 5125 -1.034
3421 —-1.024 3925 -1.011 4630 -1.032 5131 -1.026
3427 ~1.026 3931 —1.011 4637 -1.035 5153 —-1.024
3434 -1.026 3938 -1.013 4644 -1.030 5158 -1.021
-3442 -1.019 3946 -0.999 4651 -1.034 5165 -1.020
3449 -1.018 13952 -1.009 4658 -1.031 5172 —1.026
.3456 -1.016 3959 ~1.013 4686 ~1.033 5179 -1.027
.3485 -1.022 3965 ~1.012 4693 —1.035 .5186 -1.026
3492 -1.020 3986 -1.010 4700 -1.034 5193 -1.026
.3499 -1.019 3992 -1.010 4707 —1.034 .5200 -1.029
.3505 -1.023 4000 -1.007 4713 —1.036 .5207 -1.030
3513 -1.020 4007 -1.011 4721 -1.034 5214 -1.030
3519 -1.020 4013 -1.005 4728 -1.036 5220 -1.028
3526 -1.023 4020 —1.001 4735 —1.039 .5245 -1.037
3533 -1.019 4027 -1.002 4741 -1.044 5250 -1.039
-3541 -1.020 4035 -0.999 4748 —1.041 5256 -1.038
-3547 -1.019 4041 -0.996 4755 ~1.038 5263 -1.027
3554 —1.006 4048 -0.997 4762 -1.039 .5270 —1.040
3560 -1.028 4055 —-0.994 4783 -1.046 .5278 —1.045
3581 -1.019 4062 -0.996 4790 —1.043 .5285 -1.040
-3588 -1.019 4084 -1.001 4797 —1.044 .5290 —1.044
3595 -1.013 4092 -1.002 4804 ~1.041 5297 ~1.040
-3602 -1.016 4098 -0.998 4810 —1.042 .5304 -1.038
.3609 -1.014 4105 —0.999 4818 -1.036 5311 —1.040
3616 -1.019 4112 -1.002 4825 —~1.045 5319 —1.040
-3623 -1.017 4120 -0.998 4831 -1.043 5326 —1.040
-3629 -1.017 4127 -0.999 4838 -1.048 .5332 —1.041
-3636 -1.013 4134 ~1.000 4846 -1.047 .5339 -1.032
.3643 -1.018 4141 —1.000 4866 —1.049 5374 —1.047
3650 -1.010 4148 -0.999 4873 ~1.047 .5380 -1.050
3670 -1.010 4155 -0.999 4880 ~1.048 .5388 -1.039
3677 -1.010 4162 -0.997 4887 -1.050 .5391 ~1.049
3684 -1.014 4170 -0.998 4895 -1.049 .5401 -1.050
-3690 -1.006 4178 -0.995 4902 ~1.045 .5408 ~1.055
-3698 -1.006 4410 -1.021 4909 -1.049 5415 -1.059
3705 -1.009 4417 -1.026 4916 -1.042 5422 -1.055 -
3712 -1.009 4425 ~1.026 4924 -1.046 5429 -1.053
3719 —-1.012 4431 -1.024 4931 -1.048 .5435 -1.059
3725 -1.006 4438 -1.029 4938 -1.049 5443 -1.057
3732 -1.003 4444 -1.032 4945 —1.042 .5450 -1.061
3740 -1.000 4452 ~1.035 4967 ~1.045 5458 —1.057
3747 ~1.003 4458 _1.034 4973 ~1.043 5479 -1.056
3753 -0.997 4465 ~1.038 4979 ~1.044 5486 -1.063
3759 ~0.998 4472 ~1.038 4986 —1.044 5498 -1.062
3780 ~1.000 4479 _1.041 4993 -1.041 5507 -1.065
3787 ~1.006 4485 ~1.040 4999 -1.040 5518 ~1.057
3797 -1.007 4507 -1.034 .5006 ~1.049 5527 -1.062
3807 -1.007 4513 -1.035 5014 -1.051 5539 ~1.064
3814 -1.007 4520 -1.037 5022 -1.037 5547 -1.066
3821 -1.010 4527 -1.033 .5028 -1.029 5555 -1.055
3828 -1.004 4533 -1.041 .5035 -1.025
.3835 -1.007 4541 -1.036 .5042 ~1.042 2442044.4681 -1.104
3842 -1.003 4547 -1.036 5063 -1.051 4686 ~1.094
.3849 ~1.006 4555 -1.035 .5069 ~1.044 4695 -1.102
3855 -1.006 4561 -1.034 5076 -1.037 4700 ~1.104
3862 ~1.002 4568 -1.038 .5083 —1.040 4710 -1.095
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4716 -1.097 4677 —~1.060 4430 ~1.093 3751 -1.076
4723 -1.105 4684 —1.050 4437 ~1.092 3758 -1.085
. .4729 —-1.103 4691 —1.051 .4444 —~1.087 3764 -1.093
4736 -1.095 4699 ~1.069 4451 -1.101 3771 -1.090
4743 —1.098 4705 -1.070 .4458 ~1.094 3778 -1.093
4749 -1.105 4712 ~1.061 4465 -1.093 .3785 —-1.078
4757 -1.106 4719 -1.079 4472 '~1.088 3792 -1.083
4772 -1.102 4726 -1.070 4479 —-1.086 .3800 -1.093
4779 -1.122 4733 -1.075 ' .3823 —-1.077
4785 -1.116 4740 -1.077 2442079.3989 -1.077 .3828 -1.075
4834 -1.097 ., 4747 —1.068 .3996 -1.082 .3834 —1.083
4840 -1.083 4769 -1.076 4003 -1.078 .3841 -1.086
4847 - —1.102 4776 —-1.089 4010 —~1.085 .3847 -1.076
4854 -1.101 4782 —-1.069 4017 -1.091 .3855 -1.080
.4861 -1.105 4789 —-1.091 .4023 -1.086 .3862 —1.087
4868 —1.085 4796 —1.087 .4060 -1.080 .3868 —1.093
4874 —-1.090 4802 -1.077 .4066 -1.088 .3882 —-1.079
4882 -1.091 4809 -1.069 4073 ~1.092 .3889 -1.076
4889 —-1.080 4816 -1.070 .4080 ~1.089 .3896 —-1.076
.4896 —-1.068 4823 -1.110 4087 ~1.089 .3902 -1.073
.4903 -1.090 4830 -1.096 4094 -1.090 .3909 —1.068
4945 -1.095 .4837 -1.103 4100 —-1.085 .3958 —1.068
.4954 -1.070 4843 -1.096 4107 ~1.090 .3965 —-1.074
.4966 -1.083 .4850 -1.099 4114 -1.092 3972 —-1.073
4972 -1.079 4878 -1.086 4122 ~1.082 -3979 -1.070
4979 -1.092 4886 -1.089 4128 ~1.075 .3984 —1.068
4987 -1.077 4892 -1.100 4135 -1.076 -3991 —1.080
4994 -1.086 4899 -1.096 4142 —-1.081 -3998 -1.075
.5001 —1.080 4906 -1.108 4149 -1.075 .4005 -1.077
.5008 -1.065 4913 -1.110 4074 -1.076
.5028 —~1.085 4920 ~1.107 2442119.3469 -1.054 .4081 -1.065
.5036 -1.082 3475 ~1.059 4089 -1.069
.5044 —1.081 2442064.4194 -1.093 3482 ~1.065 4095 -1.074
.5059 -1.087 4200 -1.101 .3489 -1.075 4102 -1.058
4207 - -1.111 .3496 -1.071 4109 -1.090
2442054.4462 -1.071 4214 —-1.105 3502 -1.067 4116 -1.079
4470 -1.074 4221 -1.098 .3509 —1.060 4122 —-1.066
4476 -1.074 4228 -1.097 .3516 -1.058 4129 -1.078
4484 ~1.080 4235 -1.102 3572 -1.077 4136 -1.090
4490 -1.076 4242 -1.101 3578 -1.075 '
4496 -1.076 4249 -1.096 .3585 -1.076 2442152.5413 -1.091
©.4503 -1.074 4256 -1.091 3592 -1.076 .5418 -1.091
4510 -1.072 4263 —1.088 .3599 -1.078 .5424 —1.088
4517 —-1.066 4269 -1.094 .3606 -1.088 .5431 —1.089
4524 -1.079 4276 —1.086 3612 -1.092 .5438 —1.089
4531 -1.073 4283 —1.084 3619 -1.075 .5444 -1.095
4538 -1.073 4304 -1.071 .3626 -1.088 .5451 -1.092
4545 —-1.074 4311 —1.084 .3633 -1.086 .5465 —1.090
4566 -1.076 4318 —1.090 .3640 -1.091 .5472 —1.088
4573 —-1.081 4325 —1.081 .3647 -1.095 .5478 —1.088
4579 —-1.081 4332 —-1.086 .3654 -1.082 .5485 —1.088
4587 —1.084 4339 -1.085 .3660 -1.081 .5513 -1.102
4594 —-1.075 4346 —1.090 .3688 -1.070 .5519 —1.089
4601 -1.076 4353 ~1.087 .3695 -1.075 .5526 —1.098
4608 -1.072 4360 -1.070 .3702 -1.083 .5534 -1.105
4615 ~-1.079 4367 -1.085 .3709 -1.083 .5539 -1.100
4621 -1.076 4374 -1.083 3716 -1.079 .5547 -1.097
4628 ~1.076 4381 -1.090 3723 -1.083 .5554 -1.097
4635 -1.077 4388 -1.071 3730 -1.084 .5560 -1.101
4642 -1.070 4402 -1.075 3737 -1.083 .5567 —1.094
4671 ~-1.059 4409 -1.095 3744 —1.084 5574 —1.094
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Table 4 (Continued)

J.D-hd Am J.D.M Am
.5580 ~1.104 3584 +1.794
.5587 -1.101 3607 +1.915
5594 ~-1.117 3614 +1.919
.5601 -1.121 3625 +1.930
.5637 ~1.118 3632 +1.888
5642 -1.108 .3640 +1.910
5648 -1.110 .3646 +1.942
5655 ~1.115 .3653 +2.004
5662 ~-1.127 3660 +1.947
.5670 ~-1.124 3667 +1.951
.5676 ~1.120 4029 +2.030
.5683 ~1.107 4036 +2.043
5691 ~1.116 4043 +2.010
5697 -1.117 4050 +2.000
5704 ~1.117 4057 +2.014
5710 ~1.112 4064 +2.049
5717 ~1.117 4071 +2.031
5723 -1.116 4078 +1.983
5730 -1.124 4085 +1.992
4092 +2.002
2442633.3223 +0.258 4141 +2.000
3231 +0.301 4148 +2.018
.3238 +0.279 4156 +2.030
3244 +0.336 4166 +2.040
.3252 +0.364 4175 +2.035
3259 +0.382 4182 +2.018
3266 +0.371 4191 +2.005
3273 +0.412 4198 +2.006
.3280 +0.442
3314 +0.571 2442816.2323 -0.877
3321 +0.577 12327 -0.903
3328 +0.600 2334 ~0.895
3335 +0.594 2341 -0.873
3342 +0.666 2347 -0.845
3349 +0.700 2355 -0.799
3356 +0.740 2362 -0.818
3363 +0.776 .2369 -0.828
3370 +0.808 2376 -0.832
3377 +0.834 2383 -0.803
3383 +0.878 2461 -0.734
3414 +1.058 2469 -0.826
3419 +1.080 2474 ~0.740
3427 +1.122 .2481 ~0.741
3438 +1.154 .2488 ~0.709
.3446 +1.190 2495 ~0.683
.3453 +1.217 .2508 -0.714
.3459 +1.249 2515 -0.696
3466 +1.296 .2522 ~0.676
3473 +1.334 .2543 ~0.673
.3480 +1.375 2551 -0.662
3510 +1.512 .2564 -0.619
3517 +1.536 2571 -0.632
3523 +1.522 2578 -0.658
3530 +1.570 .2585 ~0.648
3536 +1.565 .2606 -0.601
3543 +1.595 12648 -0.595
3551 +1.643 2654 -0.567
3558 +1.680 2661 -0.531 -
3565 +1.685 2674 —0.565
3571 +1.719 .2682 -0.545
3577 +1.773 .2689 -0.497

Table 4 (Continued)

1D Am J.D.pe Am

2696 —0.452 3367 +1.039
2717 —0.454 .3373 +1.046
2724 -0.471 .3381 +1.101
2731 -0.415 .3392 +1.183
2738 -0.431 3392 +1.183
2745 —-0.457 .3401 +1.238
2751 -0.423 .3408 +1.244
2758 -0.430 3416 +1.274
.2808 -0.351 .3422 +1.313
2814 -0.377 .3429 +1.367
2821 -0.351 .3435 +1.401
2829 —-0.338 .3463 +1.501
.2835 -0.314 .3470 +1.545
.2843 -0.315 3477 +1.548
.2850 —-0.313 .3485 +1.602
.2856 -0.270 .3491 +1.635
2864 —-0.271 .3498 +1.706
2873 -0.275 .3506 +1.736
.2878 -0.269 3541 +1.920
2934 -0.185 .3546 +1.923
2940 -0.161 .3554 +1.992
2948 —0.152 .3560 . +1.980
2955 -0.175 .3566 +2.052
.2961 —0.155 .3621 +2.143
.2968 -0.131 .3628 42,171
2976 -0.093 .3648 +2.179
.2983 -0.114 .3655 +2.211
.2989 -0.137 .3663 +2.240
3011 -0.018 3677 +2.206
.3017 -0.035 3725 +2.181
3045 +0.048 3731 +2.218
.3052 +0.044 3746 +2.173
.3059 +0.024 .3760 +2.194
.3066 +0.079 .3782 +2.189
3073 +0.095 .3787 +2.190
.3080 +0.135 3794 +2.201
.3087 +0.121 .3801 +2.187
.3094 +0.132 .3809 +2.197
3101 +0.151 .3822 +2.165
.3107 +0.169 .3829 +2.196
3115 +0.219 .3858 +2.165
3136 +0.226 .3864 +2.172
3143 +0.236 3871 +2.192
3150 +0.279 .3884 +2.190
3157 +0.288 .3898 +2.174
3164 +0.294 .3905 +2.193
3171 +0.338 .3919 +2.197
3184 +0.397 .3953 +2.171
3191 +0.401 .3960 +2.168
3199 +0.408 .3967 +2.190
.3205 +0.419 .3974 +2.217
3255 +0.604 .3988 +2.188
.3261 +0.619 4001 +2.173
3268 +0.590 4008 +2.184
3283 +0.693 4065 +2.135
.3290 +0.759 4078 +2.163
.3298 +0.783 4092 +2.229
3307 +0.780 4151 +2.151
3316 +0.792 4157 +2.211
3323 +0.879 4190 +2.194
3332 +0.938 4197 +2.185
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Table 4 (Continued)

4260 +2.157 4849 +0.604
4266 +2.227 4856 +0.544
4273 +2.145 4862 +0.452
4280 +2.140 4869 +0.516
4287 +2.141 4883 +0.542
4295 +2.229 4890 +0.484
4301 +2.239 4903 +0.392
4308 +2.149 4910 +0.386
4314 +2.159 4940 +0.292
4322 +2.182 4946 +0.275
4329 +2.230 4973 +0.181
4335 +2.186 4980 +0.161
4364 +2.159
4371 +2.181 2442963.3691 -0.509
4377 +2.144 3698 -0.476
4384 +2.188 3712 -0.453
4392 +2.198 3726 -0.391
4399 +2.210 3733 —-0.424
4406 +2.211 3739 -0.427
4412 +2.168 3746 -0.358
4419 +2.171 3760 -0.354
4426 +2.204 3768 -0.371
4433 +2.224 3802 -0.296
4454 +2.181 .3809 -0.324
4460 +2.181 3816 —-0.219
4468 +2.216 3830 -0.202
4475 +2.187 3837 —-0.223
4482 +2.138 3844 -0.237
4489 +2.141 .3851 -0.251
4495 +2.140 .3865 -0.148
4503 +2.217 3908 -0.153
4509 +2.173 3915 -0.121
4539 +1.961 3922 -0.159
4544 +1.939 .3929 —0.091
4551 +1.902 .3943 -0.057
4558 +1.865 .3950 —0.082
4565 +1.858 .3963 —0.030
4571 +1.864 4019 +0.087
4578 +1.821 4026 +0.099
4586 +1.703 4033 +0.095
4593 +1.701 4053 +0.094
L4600 +1.678 4060 +0.109
4607 +1.689 4067 +0.172
4613 +1.581 4074 +0.232
4656 +1.402 4259 +1.041
4663 +1.394 4266 +1.059
4668 +1.375 4273 +1.083
4675 +1.395 4358 +1.335
4682 +1.277 4369 +1.323
4689 +1.204 4376 +1.349
. 4696 +1.193 4383 +1.382
4715 +1.171 4390 +1.486
4753 +0.875 4397 +1.482
4759 +0.850 4404 +1.485
4766 +0.818 4411 +1.501
4773 +0.805 4418 +1.526
4780 +0.863 4425 +1.608
4795 +0.662 4432 +1.614
4799 +0.715 4474 +1.759
4806 +0.712 4481 +1.786
4813 +0.756 .4488

+1.832

Table 4 (Continued)

J.D.het Am J.D.hd Am
4495 +1.852 .5858 +1.554
4502 +1.899 .5965 +1.573
4508 +1.905 5972 +1.589
4515 +1.891 .6007 +1.734
4522 +1.917 6017 +1.787
4529 +1.969 6023 +1.825
4578 +1.988 .6030 +1.898
4585 +2.010 6038 +1.893
4592 +2.018 6045 +1.907
4599 +2.047 6052 +1.938
4620 +2.033 .6076 +2.020
4627 +2.083 6084 +2.056
4634 +2.071 6091 +2.075
4668 +2.081 6098 +2.071
4675 +2.088 6105 +2.089
4696 +2.096 6112 +2.083
4703 +2.087 6119 +2.100
4724 +2.144 6126 +2.131
4731 +2.072 6159 +2.123
4744 +2.103 6166 +2.146
4771 +2.160 6173 +2.144
4779 +2.087 .6180 +2.140
4808 +2.150 6187 +2.135
4815 +2.167 6205 +2.151
4822 +2.119 6212 +2.121
4829 +2.161 6219 +2.138
4835 +2.154 6226 +2.138
4898 +2.175 6231 +2.151
4912 +2.150 6262 +2.121
4926 +2.118 . 6269 +2.135
4933 +2.186 6276 +2.135
4946 +2.138 6283 +2.125
4954 +2.184 .6290 +2.131
4960 +2.166 6297 +2.161
4967 +2.141 6304 +2.161

6311 +2.161

2443085.5648 +0.216 6318 +2.137
.5657 +0.270 6325 +2.146

.5666 +0.294 6332 +2.154

.5674 +0.291 6359 +2.144

.5680 +0.317 6365 +2.167

.5687 +0.326 6372 +2.128

.5694 +0.378 6379 +2.176

.5769 +0.636 .6386 +2.164
5779 +0.652 6393 +2.153
.5786 +0.694 .6400 +2.176
5793 +0.732 6407 +2.160
.5800 +0.765 6414 +2.138
.5807 +0.766 6421 +2.179
5814 +0.809 6441 +2.134
.5851 +0.973 16448 +2.149
.5858 +0.999 6455 +2.151
.5865 +1.033 6462 +2.164
.5872 +1.083 6469 +2.126
.5880 +1.134 6476 +2.127
.5887 +1.177 .6483 +2.151
.5894 +1.216 .6490 +2.144
.5901 +1.229 6497 +2.134
.5933 +1.391 .6504 +2.142
.5944 +1.468 6528 +2.162
.5951 +1.518 6534 +2.125
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Table 4 (Continued)

J.D e Am J.Dupa Am J.D el Am J.D e Am
6541 +2.138 6590 +2.160 6648 +2.159 6705 +2.203
6555 +2.144 6618 +2.163 6654 +2.155 6712 +2.169
6562 +2.151 6624 +2.167 .6603 +2.138 6719 +2.148
6569 +2.170 6630 +2.163 6670 +2.146 6732 +2.224
6576 +2.160 6636 +2.152 .6698 n2.180 6739 +2.173
6583 +2.168 6642 +2.167

however, a lack of continuous observations pre- References

vented us from achieving a full understanding
between the physical processes taking place in the
binary system and their effect on the shape of the
light curve.

We would like to stress that in publishing the
epochs of primary minima it would be helpful to
give not only the time of middle-eclipse but to
publish all observations pertaining to such
a minimum. Only by a consideration of both
branches of the light curve the filling-in effect and
its manifestation on the observed time of middle-
eclipse can be established.
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ANALYZA SVETELNEJ KRIVKY, DRAHOVE ELEMENTY
A ZMENY PERIODY U CEPHEI

J. TREMKO

Astronomicky ustav Slovenskej akadémie vied,
Skalnaté Pleso, Ceskoslovensko

G. A. BAKOS

Astronomické observatérium Univerzity Waterloo, Ontario, Kanada

Sahrn

Sustava U Cephei pozostava z primarnej zlozky spektralneho
typu B6 V a menej hmotnej sekundérnej zlozky spektralneho
typu G8 IV. Zatmenie je tplné a jeho hibka je priblizne 3
hviezdne triedy. Interpretacia pozorovacich dat nie je jednotna.
Na jednej strane prevlada nazor, Ze Ziariaci most spojuje obe
Zlozky, na druhej strane zasa sii ndznaky, Ze sa vytvara skutocny
prstenec alebo disk okolo primarnej zlozky.

Spektroskopické pozorovania dokazuji pritomnost plyn-
nych oblakov v sdstave. Spektrd U Cephei ziskané pocas
primarneho minima ukazuji emisné Ciary vodika, ako aj
H a K ¢iary vapnika. Intenzita tychto spektrilnych Ciar sa zda
byt v korelécii s velkosfou prenosu hmoty medzi zloZkami.
Napriek tomu, Ze v poslednom case sa ziskalo vela fotoelektric-
kych pozorovani epoch minima, ziskalo sa malo pozorovani
v ostatnych fazach. NaSe pozorovania pokryvaju celd svetelni
krivku a umoznili odvodenie elementov. Peridéda svetelnych
zmien vykazuje sekuldrne narastanie, ktoré mozno aproximovat
kvadratickou formulou. Okrem sekuldrneho narastania pozoru-
ja sa aj kratkodobé varidcie. VSeobecne sa prijima nazor, ze
zmeny periody su sposobené prenosom hmoty a prenosom

uhlového momentu. Tvar svetelnej krivky je premenny a naj-,

vécSie zmeny sa pozoruji v primdrnom minime. Tieto zmeny
potvrdzuju aj naSe pozorovania a pripisuju sa rozlinym efek-
tom, ako je chromosferickd aktivita sekundarnej zlozky, jej
premennost alebo pritomnost horicej $kvrny blizko pdlov
primdrnej zlozky. Zvlastnosti vSak existuju aj v okoli sekunddr-
neho minima a po¢as konstantnej fazy. Stidium siistavy U Cep-
hei nastoluje vela problémov a niektoré z nich sa riesia v tejto
préci.

Fotoelektrické pozorovania sistavy U Cephei sa ziskavaliod
roku 1967 fotoelektrickym fotometrom instalovanym na 60 cm
reflektore na Astronomickom observatdriu na Skalnatom Plese.
Interpreticia pozorovani v okoli primdmeho minima sa nacha-
dza v nasej predchadzajicej publikicii. PretoZe sa ziskal velky
pocet individudlnych pozorovani v priebehu niekolkych rokov,
na Studium zmien svetelnej krivky sme pouzivali normalne
body. Na vypocet drdhovych elementov sme pouzili iba tie
normdlne body, ktoré neboli ovplyvnené premenlivostou sve-
telnych zmien. Na rektifikdciu svetelnej krivky sa pouzila
$tandardnd Russellova=Merrillova metdda a elementy sa vypo-
¢itali Hordkovou metédou. Hodnoty elementov, ktoré sme
odvodili, su velmi blizke hodnotdm, ktoré neddvno publikoval
Batten. Hall a Walter neddvno interpretovali starsi pozorovaci
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material. Pri interpretacii pouzili rektifikdciu na kratkych tse-
koch s rozliénymi koeficientmi. Tak dosiahli zhodu v elemen-
toch odvodenych z rozli¢nych sérii pozorovani. Ich elementy sa
viak liS§ia od elementov odvodenych bez aplikdcie takejto
rektifikacie.

Dlhodobé predlzovanie periody svetelnych zmien mozno
vyjadrif pomocou kvadratickej formule, avSak sii¢asne sa pozo-
ruju systematické odchylky od tohto priebehu. Odchylky mozno
aproximovat parabolickymi segmentami, ktoré formalne repre-
zentuja alternujice predlZzovanie a skracovanie periody. Nahie
skracovanie periody vysvetluje Hall prenosom uhlového mo-
mentu zo sekundarnej zlozky na primédrnu zlozku. Tento prob-
1ém sme Studovali v tejto préaci na zaklade fotoelektrického
materidlu, ktory je presnejsi. Okrem epoch minima sme Studo-
vali tvar jednotlivych minim a objavili sme fenomenologicky
efekt, ktory sa prejavuje vypliiovanim primarneho minima, a to
na zostupnej vetve. V dosledku tohto efektu dochadza k fiktiv-
nemu predlZovaniu periody a ndvrat k normdlnemu tvaru
minima spdsobuje zdanlivé skracovanie periédy. Fenomenolo-
gicky efekt dosahuje veli¢inu 0.005 dni. Nie je vsak vylacené, ze
existuju i skutocné zmeny periédy v dosledku prenosu uhlového
momentu, ale si menej vyrazné. Nie je vylicené, Ze fenomeno-
logicky efekt sa moze prejavovat i pri inych sustavach, najma
preto, Ze sa Casto publikuju iba epochy minima a nie jednotlivé
pozorovania, z ktorych by sa efekt distorzie dal zistit a vylucit.

V priebehu poslednych rokov sa zaznamenala zvySena aktivi-
ta v podobe dvoch vzplanuti sistavy U Cephei, a to roku 1969
a 1974. Ukazali sme, zZe posledné vzplanutie doprevadza pokles
sekuldrneho predlZovania periody a pripomina zmeny periddy
v obdobi okolo r.1940. Na O-C diagramoch sa prejavi obdobie
aktivity zvySenym rozptylom hodnét epoch minima, ktory je
spOsobeny distorziou svetelnej krivky.Rozptyl na O-C diagrame
je mensi v obdobi bez vzplanuti. Aj polarimetrické pozorovania
ukazuju, Ze v stistave U Cephei sa striedaji obdobia zvySene;j
aktivity s obdobiami bez vzplanuti.

Porovnanie svetelnych kriviek z rozlicnych obdobi potvrdzu-
je znatné zmeny v Sirke, hibke a tvare primarneho minima.
Celkova hibka minima kolise viac ako 071 a v ostatnom &ase
sme pozorovali prehlbovanie primdrneho minima. Velké roz-
diely si i v trvani totality. Hall a Walter §tudovali priebeh
jasnosti pocas totality a vzrast jasnosti pocas totality vysvetluji
nahromadenim rozptylenej hmoty okolo primdrnej zlozky.
Walter predlozil hypotézu pre pokles jasnosti pocas primarneho
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minima. Vplyvom magnetického pola prid castic smeruje k po-
lom, kde sa vytvara horuca Skvrna. V dosledku precesie primar-
nej zlozky dochadza k premenlivej viditeInosti Skvrny a varidcie
priebehu jasnosti pocas totality s periddou 12 rokov. Priebeh
jasnosti pocas totality odvodeny z naSich pozorovani nie je
v rozpore s Walterovou hypotézou. V tomto obdobi efekt
prenosu hmoty a poloha horicej Skvrny spdsobuji vzrast jas-
nosti pocas totality, a preto by bol v tomto obdobi prave vzrast
jasnosti poc€as totality dobrym indikdtorom vzrastajicej aktivity
siistavy. Primdrne minimum je asymetrické a tiito symetriu

sposobuje predovsetkym distorzia zostupnej vetvy. Distorziu
sposobuje absorpcia v okoli prvého kontaktu a ,filling in‘
efektu v okoli druhého kontaktu v ddsledku svietiacich oblakov.
Vzostupna vetva je menej ovplyvnena, s vynimkou &asti okolo
Stvrtého kontaktu, kde sa pozoruje obcasné zjasnenie, ¢o moze
sposobovat premenliva jasnost horiicej $kvrny. Svetelné krivky
ziskané v rozliénych obdobiach ukazuji premenlivi hibku
sekundarneho minima. Najmenej deformovana ¢ast svetelnej
krivky je medzi Stvrtym kontaktom a sekundarnym minimom.

AHAJIN3 KPYIBOW BJIECKA, OPBUTAIJILHBIE DJIEMEHTEI
N UBMEHEHUVS INEPUOOA U LE®EY

. TPEMKO

ActpoHomuyeckHit MHHCTHTYT CIIOBaLKOH aKaJeMHH HayK,
Ckasnare Ineco, YexocnoBakus

I'. A. BAKOC

AcrpoHoMuyeckast o6cepBaTopusi YHnBepcutera Barepinoo, Onrapro, KaHana

Pe3oMme

Cucrema U lledes cocTOMT W3 NMEpBUMYHONO KOMIOHEHTa
crniekTpajibHOro Tuna B6 V n MeHee MacCHBHOINO BTOPHYHOTO
KOMIIOHEHTA criekTpanbHoro tvna G8 IV. 3atmenue nontoe,
# ero ryGUHa COCTABNAET NPHUGITH3NTENBHO 3 3BE3HbIX BETH-
yuH. VIHTepnperauus naHHbIX HaGMIONEHUA He OTIAMYaeTcs
enuHcTBOM. C OHOH CTOpOHBI, npeobiiafaeT MHEHHE, YTO
CBETSLIMACS MOCT COEIMHAET 062 KOMIIOHEHTA, C APYroi CTOPO-
Hbl, ONATH X€, €CTh HAMEKH HA TO, YTO BOKPYI MEPBHYHOTO
KOMIIOHEHTa 06pa3yeTcst HaCTOSILIEe KOMBLIO HIIH IUCK.

CnekTpockonuyeckue HaGIIOACHHS MOKa3bIBalOT MPHCYT-
CTBHE B CHCTEME ra3oBbix 06nakoB. Crnexkrpsl U Ledes, nony-
YEHHbIE BO BpeMsl IEPBHYHOIO MHHUMYMAa, TOKa3bIBAIOT IMHC-
CHOHHbIE JIMHHM BOAOPOAa, a Takke u H u K nunum xanbius.
VIHTEHCHBHOCTb 3THX CHEKTPANIbHBIX JIMHHH, KaXeTCcs, Haxo-
AMTCS B KOPPEJISALMH C KOJIMYECTBOM MEPEHOCA MACChl MEXAY
KOMITIOHEHTaMH. Bonpek ToMy 4TO B nociefiHee BpeMst 6bL10
T0JIy4EHO MHOTO (POTOINEKTPHYECKUX HAOTIONEHUH 3MOX MU-
HHMYMa, B OCTAJIbHBIX (ha3ax GbIIO CAeJaHO HEMHOTO Habumofe-
Hui. Hamm HaGmopneHust NOKpbLIBAlOT BCIO KpuBYIO Ollecka
¥ TO3BOJISIIOT CAENAaTh BbIYMCIIEHHE 31eMeHTOB. [Tepuop H3me-
HeHus1 Griecka MoKas3bIBaeT MIMTENbHOE BO3pacTaHHe, KOTOPOC
MOXHO aNnpoKCMMHPOBATh KBafpaTHOW cpopmynoi. Hapsny
C ANMTENbHbIM HapacTaHWeM HaOMOAAIOTCS ¥ KPaTKOBPEMEH-
Hble Bapuanuu. OOILENPUHATO MHEHHE, YTO W3MEHEHHS IIEPHO-
Aa BbI3BaHbI NEPEHOCOM MACChl ¥ NEPEHOCOM MOMEHTA KOJIM-
yecTBa ABHXEHMA. PopMa KpHBO#H Giecka ABIAETCA IEPEMEH-
HOH, ¥ Haubonbluiee W3MEHEHHe HaGniofaeTcs B NMEPBHYHOM
MUHUMYME. DTH U3MEHEHHS MOATBEPXKAAIOT U HALLIKM HaGuone-
Husi. OHM IPUINHCHIBAIOTCS pa3inyHbIM 3¢heKTaM, Kak, HaNpH-
Mep, XpoMoctepHO# aKTHBHOCTH BTOPHYHOTO KOMIIOHEHTa,
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€€ U3MEHYMBOCTH, MK MPUCYTCTBHIO rOpAYero mstHa B6nu3mn
TI0JIHOCOB NEPBHYHOTO KOMIOHEHTA. OJHAKO CYLIECTBYIOT OCO-
6EHHOCTH ¥ B OKPECTHOCTAX BTOPUYHOTO MHHMMYMA U B IEPHON,
KOHCTaHTHO# (pa3bl. U3yuenue cuctembl U Lledes BoiauraeT
MHOrO mpo6iieM, HEKOTOpble M3 HMX pELalOTCs U B 3TOH
pabore.

®doroanekTpuueckue Habmopenns cucremb! U Ledes Gbinu
nonyyensi ¢ 1967 r. npu nomolm poToasekTpuyeckoro oTo-
METpa, YCTaHOBJIEHHOTO Ha 60 cM pednekTope B ACTpOHOMHM-
yecko# obcepBatopun Ha Ckannate Ilnece. MHTepnpeTauus
HabmoeHH# Ayt 061aCTH NEpPBHYHOTO MUHUMYMA TIPUBOUTCS
B Hale# npeabinyied nyénukaumuu. ITockoabky 6b110 nonyye-
HO 6ONbIIOE KOJMYECTBO MHAMBHUAYAJIbHBLIX HaOMIONEeHH:A 3a
HECKOJILKO JIET, TO AJISl HU3YYEHHs W3MEHEHMI KpHBOH bnecka
MbI IPUMEHSIM HOPMaJIbHbIE TOUKH. 171 pacyeTa 371eMeHTOB
Op6HUTLI Mbl HMCNONL30BAJIH JIMLIL TE€ HOPMAlIbHbIE TOYKH, HA
KOTOpbIE HE OKa3bIBAET BIHAHHS IEPEMEHYHBOCTb H3MEHEHHUI
6necka. [1ns pekTHUKaLMK KpHBO# Gliecka PUMEHSIICS CTaH-
mapTHblii MeTop, Paccenn—Mepunia, a 37€eMeHThl pacCYUThI-
BaJIUCh NIPH NOMOLIM MeToia I'opaka. BelnyuHbI 3;1€eMEHTOB,
KOTOpbIE Mbl BbIBEJIH, BECbMa OJIM3KH K BEJIMUMHAM, ONyONMKO-
BaHHbIM HelaBHO barrenoM. Xann u BanbTep HeRaBHO HHTED-
NpeTHPOBANH CTapLINil MaTepHan Habmonenuit. [Ipu uuTepnpe-
TalHH OHH UCTIONb30BAJIH PEKTH(HUKALIMIO HA KOPOTKHUX Y4acT-
Kax C pa3in4yHbIMH KO3dduuueHTaMu. TakuM oGpa3oM, oHu
JROCTHIJIN COBIMAJICHHS 3JIEMEHTOB, BbIBEAECHHBIX M3 PATHYHbIX
cepuit HabmopeHnid. OIHAKO MX 3NIEMEHTHI OTAMYAIOTCH OT
3JIEMEHTOB, MOJIYYEHHbIX 6€3 NMPUMEHEHHS Takoi pekTHHU-
Kalluu.

JonroBpeMeHHOE YIAJIMHEHHE MEpHOAa U3MEHeHMi Gnecka
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MOXHO BbIPa3UThb IIPU MOMOILLM KBaJIPATHOTO YPaBHEHHS, OlHA-
KO OHOBPEMEHHO HabIONalOTCH CHCTEMATHYECKHE OTKIIOHE-
HUS OT 3TOrO npotecca. OTKIOHEHHS MOXHO anmpOKCHMHPO-
BaTh MapabGoOJIM4eCKUMH CErMEHTaMH, KOTOpble (hOpMasIbHO
MPEACTaBIAIOT YEpPEAYIOLIHECs YIIMHEHUS U COKpAIlleHHs Te-
puona. Pe3koe cokpalueHue nepuoaa Xaj 06 bACHIET IEPEHO-
COM YIJIOBOrO MOMEHTA C BTOPUYHOTO KOMIIOHEHTA Ha EPBUY-
Hblit. Ty npo6GeMy Mbl H3y4alli B JaHHOH paboTe HAa OCHOBE
OTOENEKTPUYECKOrO MaTepHaia, KOTOpbIi sBisercs Gonee
ToynbiM. KpoMe TOro, Hapsiy c 3mOXaMH MUHMMYMa, MbI
u3y4yanu popMy OTAETbHBIX MUHUMYMOB 1 OOHapyXumu ¢eHo-
MeHONIOrH4eckui 3(PeKT, KOTOpbIi MPOSABIAETCS 3anoHe-

HHEM NEPBHYHOIO MMHUMYMaA, 38 UMCHHO Ha HHUCXOJSAIICH BETBH.

Bcenenctsue 3Toro agdekTa npoUcXonuT PUKTHBHOE YJTHHE-
HHe EPUONa, ¥ BO3BpALIEHHE K HOpMaIbHON (popMe MUHHMYMa
BbI3bIBAET KaXyllleecs COKpaIEeHHe nepuopa. PeHOMEHOJIorH-
yeckuit apdexT pocruraer Benuuunbl 0,005 nua. OpHako He
HCKJIIOYEHO, YTO CYLIECTBYET M AEHCTBHUTENIHHOE M3MEHEHHE
NepHofia BCIIENCTBUM YIEPEHOCA YIJIOBOTO MOMEHTa, HO 3TH
U3MEHEHUS! MEHEe OTYETIMBbI U3-3a (HEHOMEHOJIOrHYECKOTO
a¢pdekra. He ucknroyeHo, 4To heHOMEHONOorHIeckui apdekt
MOXeT MPOSABIATLCA U Y APYTUX CHCTEM, OCOGEHHO OTOMY, YTO
94acTO MyGIHKYIOTCS TOJIBKO 3MIOXH MHHUMYMA, a He OTHENbHbIE
HaOMIONEHNs, O KOTOPbIM MOXHO ObUIO Obl OOHApYXHUTb
U paccyuTaTh 3(hEKT JUCTOPCUH.

B nocnegnue rofbl 6bUTa OTMEYEHA MOBLILEHHAS AKTHB-
HOCTb B BUfE ABYX Benbiiek B cucreme U Ledes — B 1969 r.
1 B 1974 r. Mbl noka3aJju, 4TO MOCJAESAHAS BCMbILLKA CONPOBOX-
Aanach YMEHbLICHUEM CEKYJISPHOrO YIJIMHEHUS IEPHOAA U Ha-
TIOMHMHAET U3MEHEHHs NepHofa, Habmogaemblie okono 1940 r.
Ha nauarpammax O-C neproj aKTUBHOCTH NPOSBIISETCS MOBbI-
LIEHHBbIM PAaCCEHHEM BEJIMYMH IMOX MHHUMYMA, YTO BbI3BAHO
nucTopcue#t KpuBo# Gnecka. PaccesHue Ha guarpamme O-C
MeHbllie B iepuop Ge3 Benbimek. [TonsipumeTpuyeckne Habo-
JeHus TaKXkKe MoKa3sbiBatoT, uTo B cucteMe U Lledes yepenytot-
cs MepHOAbl MOBLILIEHHOH aKTHBHOCTH C MepHofgaMu 6e3
BCTIbILIEK.
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CpaBHeHHe KpPUBBIX 6J1eCKa Pa3IHYHBIX IEPHONOB NOATBEP-
KHAIOT HalIU4Yue 3HAYUTENbHBIX W3MEHEHMH B LIMpHHE, IIy-
6uHe u popMe NepBUYHOr0 MUHMMYMa. O61Las rmy6uHa MUHH-
MyMa Kose6netcst 6onee yeM Ha 071, a B mocnieiHee BpeMs Mbl
Habmofanu yriy6leHue NEpBUYHOrO MHMHMMyMa. Boibiumne
pa3nuyusi HabGMIOJAIOTCH M B MPOAOKUTENBHOCTH MOJNHOrO
3arMeHns. Xamwn u BanbTep u3ydanu Xom SpKOCTH BO BpeMs
MOJIHOTO 3aTMEHMS M OODBACHSAIOT YBEIWYEHHE SPKOCTH BO
Bpemst [IOJIHOTO 3aTMEHHS CKOIUIEHHEM MaTepUH BOKDPYr mep-
BHYHOTO KOMIIOHEHTA. BanbTep npeanoxui runore3y Ajs 06s-
SICHEHHUs] CHIDKEHHSI IPKOCTH BO BpeMsi IEPBHYHOTO MMHUMY-
ma. TIOf BIMSHHEM MArHUTHOTO MOJIS MOTOK YACTHIL HAMDAB-
JseTcs K Tojocam, rie obpasyeTcs ropsuee natHo. Benen-
CTBHE MPELECCHU NEPBUYHOTO KOMIIOHEHTA IIPOUCXOIUT H3Me-
HEeHHe BHIUMOCTH IISTHA W BapUaL¥M XOfa SPKOCTH B MEPHO
TIOJIHOTO 3aTMEHHH ¢ mepuoAoM 12 net. Xop spKOCTH BO BpeMst
MOJTHOTO 3aTMEHUS, BbIBEACHHBIH HAa OCHOBAHUH HAILIMX HAGIIIO-
HeHHH, He MPOTUBOPEYUT runotese Banbrepa. B aToT nepuon
3¢pdexT NepeHoca Macchbl U MOJIOXEHHE rOPAYEro NATHA BbI3bl-
BAaIOT POCT SIPKOCTH BO BpeMS NOJHOTO 3aTMEHHS, MOITOMY
B 3TOT MIEPHOJ\ UMEHHO POCT SIPKOCTH B IEPHOJ [IOJIHOTO 3aTMe-
HUsl ObL1 Obl XOPOLIMM MHIMKAaTOPOM BO3pacTaomieil aKTHB-
HocTH cucTeMbl. [TepBHYHBIN MUHUMYM SBISETCS aCHMMETPH-
YECKHMM, ¥ 3Ta aCHMMETPHS BbI3BaHA NMPEXJIE BCETO IUCTOPCHEH
HUCXOJISILLIeH BeTBU. [IMCTOpCHS BbI3BaHa aGCOpNLHEH B MECTE
nepBoro KoHTakTa H filling-in apdexrom 3anonuenns B mecre
BTOPOrO KOHTaKTa BCJIECTBUE CBETALIMXCSA 061aKOB. BnusHue
Ha BOCXOJIALLYO BETBb MEHbILE, 32 HCKIIFOYEHUEM YaCTH OKOJIO
4ETBEPTOro KOHTAKTa, rie HaboxaeTcs NosBISIoLIeecs Bpe-
MEHaMH YCHJIEHHE SIDKOCTH, YTO MOXET ObITh BbI3BaHO mepe-
MEHHOI# IPKOCTbIO ropsdero niatHa. Kpusble 61ecka, noy4eH-
HbI€ B Pa3JIHYHbIE NEPHOMbI, MOKA3bIBAIOT U3MEHYMBYIO rITyoH-
Hy BTOpPUYHOrO MHHMMYMa. HaumeHee nedopmupoBaHHas
4acTh KPUBO# 6/ieCcKa HAXOIMTCH MEX]Y YETBEPThIM KOHTAK-
TOM H BTOPHYHBIM MHHHMYMOM.
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