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ABSTRACT 

We present the first light curves in the infrared J and K filters, obtained in different runs during 1990, 1991, 
and 1994. The solutions of these IR light curves together with the previous determinations, gathered from 
visual light curves and spectroscopic studies, finally yield stellar parameters that can be accepted with 
confidence. The study of the (V-\) observed colors, by comparison with tabulated colors of normal stars, 
indicates that they correspond to those expected if RT And components have GO V and K2 V spectral types. 
The comparison with ATLAS stellar atmosphere models gives effective temperatures about 6000 and 4900 
K, for the primary and secondary star, respectively. From the visual-infrared photometry there is no 
evidence of an IR excess in the system, and its distance is determined to be 103 pc. We have compared the 
absolute stellar parameters derived from the light curve solutions with new evolutionary models for solar 
composition, and discussed the age and evolutionary state of this binary system. While the mass and radius 
of the primary star locates it close to the main sequence, with an age of about 1.4 XlO9 yr, the secondary 
star seems to be oversized for its mass, and some sort of interacting episode in the evolutionary history of 
this detached binary is not discarded. © 1995 American Astronomical Society. 

1. INTRODUCTION 

Astronomers have been looking at RT And (BD 
+52°3383A) since the beginning of this century (Deich- 
mueller 1901; Zinner 1916; Gadomski 1928), but its first 
photometric light curves were not obtained until the late for- 
ties by Gordon (1948, 1955). After those observations, this 
variable binary, currently considered to be a member of the 
short-period RS CVn class (Hall 1976), has been the subject 
of extensive photometric observation programmes by a num- 
ber of different authors (Kristenson 1967; Dean 1974; Dumi- 
trescu 1973, 1974; Dapergolas et al. 1988, 1991, 1992, 1994; 
Mancuso et al. 1979a, 1979b, 1979c, 1981; Milano et al. 
1981, 1986; Zeilik et al. 1982, 1988a, 1989a; Gordon et al. 
1990, among others). 

The photometric light curves of RT And in the visual 
range reveal interesting features. From one observation to 
another, irregularities or fluctuations in the brightness at both 
quadratures and also in the depth of its eclipses are seen. 
These photometric variations have been interpreted as being 
produced by large cool starspots over the surface of the pri- 
mary star. Zeilik et al. (1989b) reanalyzed an extensive data 
set of published visual light curves together with their own. 
They attempted to define clean geometric parameters after 
subtraction of the maculation waves, inferring also the physi- 
cal parameters of the cool starspots. An interesting result 
they report is that one large starspot can account for the 
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photometric maculation effects displayed by the star since 
1920. The stellar longitude of these active regions, like in 
other RS CVn short-period systems such as SV Cam (Zeilik 
et al. 1988b), tends to fall within precise active belts located 
near 90° and 270°. It is especially interesting to note the 
variability (more enhanced at shorter wavelengths) shown at 
the beginning and the end of both eclipses; this occurs over a 
short time scale, and its characteristics are difficult to explain 
within the activity picture in terms of starspots or flares. A 
considerable dip in the light curves around orbital phase 0.3 
has been observed sometimes (Milano et al. 1986). 

Via spectroscopy, Payne-Gaposchkin (1946) obtained the 
first radial velocity curves of both components and deter- 
mined their spectral types to be GO V and KO V. Analyzing 
the same spectra, Kron (1950) detected weak emission in the 
Ca II H and K lines, with variable intensity along the orbital 
period. Low-resolution spectroscopy was carried out by 
Mancuso et al. (1981), who find the spectral types of the 
components to be F8-G0 V and K0—2 V. Recently, RT And 
was included in two different spectroscopic observing pro- 
grammes (Popper 1994; Wang & Lu 1993). The new radial 
velocity curves, in combination with the light curves results, 
produce better physical parameters for the system. A study of 
the Ho:, H/3, and Call infrared triplet lines, using echelle 
spectroscopy with orbital phase resolution, has recently been 
conducted by the present authors (Lázaro & Arévalo 1994; 
Arevalo & Lázaro 1995). 
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RT And has been observed in other spectral ranges, such 
as the UV by means of the IUE satellite (Budding et al. 
1982). Like the other such binaries of the short-period RS 
CVn group, RT And presents emission in the Mg H and K 
lines, indicating a high degree of chromospheric activity. RT 
And was not detected as a radio source (6 cm) in the survey 
of Drake et al. (1986). As far as we know, this binary system 
has not been included as a target in any x-ray observing run, 
and no previous observations in the infrared (IR) range have 
been reported. 

We have carried out an infrared monitoring programme of 
RS CVn systems, devoting special attention to the short- 
period group (see Arevalo & Lázaro 1994). If the observed 
irregularities in the light curves of these systems are due to 
the obscuration effects of starspots, we can expect the con- 
tribution at longer wavelengths to be lower (in fact no cor- 
rections for distortion waves are needed in most of the ob- 
served stars). Furthermore, the secondary eclipse is better 
defined in the IR, due to the different spectral types of the 
stellar components in some of these binaries. In this way, the 
parameters resulting from the light curves observed in the IR 
range could improve previous solutions inferred from visible 
photometry. Photometric solutions of these eclipsing bina- 
ries, together with the new orbital parameters obtained by 
Popper (1993, 1994), may provide more accurate values for 
the masses and radii of their components, which is highly 
needed to allow reliable evolutionary studies. On the other 
hand, the possible existence of an IR excess, as a character- 
istic property of this group of active stars, is still an open 
question which calls for further observations. In the next 
sections we present the results obtained from our IR obser- 
vations of RT And. 

2. THE OBSERVATIONS 

The infrared observations presented in this work were col- 
lected during different runs. The first was in 1990 August 
(from 9th to 17th), and allowed us to obtain the first com- 
plete IR light curves in the J and K filters. New observations 
were later conducted in 1991 January, 1992 August, and 
1994 January. All the observations were carried out with the 
1.5 m Carlos Sánchez telescope at the Observatorio del 
Teide. The instrumentation used consisted of a cooled broad- 
band filters photometer with an InSb detector. The aperture 
size and the amplitude of the chopper were both 20 arcsec. 
The signal-to-noise ratio of the individual observations was 
always higher than 100. At the time of our observations, the 
infrared photometric system at the Observatorio del Teide 
was compatible with Johnson’s system, except for a small 
discrepancy (less than 0.01 mag) in / (Arribas & Martinez- 
Roger 1987). In all the observing runs some measurements 
were also obtained with the H filter during the orbital phases 
of maxima. 

BD+52°3375 was used as comparison star in all the ob- 
serving runs. This star has never been used before, but it is 
easy to identify and also its spectral type is not very different 
to that of RT And. Standard stars of the Observatory were 
observed each night in order to check that the comparison 
star’s brightness stayed the same. Within the errors of deter- 

RT And J filter (1990) 

Fig. 1. Differential magnitude in the J filter for RT And in 1990. The 
comparison star is BD+52°3375. 

mination, the magnitudes of BD+52°3375 always remained 
constant during the different observation periods, and its 
calibrated magnitudes were 

/=7.40±0.01, #=6.88 ±0.01, ^=6.74 + 0.01. 

The BD+52°3375 color indices, {J—K)—0.66 and {H 
— A') =0.14, correspond to those of an unreddened K2—3 V 
star (Johnson 1966; Koomneef 1983), close to the spectral 
type KO V given in the DM Catalogue. 

Figures 1 and 2 give the 1990 differential magnitudes of 
RT And against orbital phase, in the J and K filters, respec- 
tively. Figures 3 and 4 represent the 1990, 1991, 1992, and 
1994 observations in the J and K filters, superposed with 
different symbols. Tables 1 and 2 give the Heliocentric Julian 
Dates, differential magnitudes (RT And minus BD 
+52°3375) and the orbital phase values, for all the observa- 
tions in the J and K filters, respectively. The orbital phase 
was calculated using the ephemeris given by Mancuso et al. 
(1979b), namely, 

HJD=2443732.4498+0'?6289296£'. (1) 

RT And K filter 1990 

Fig. 2. Differential magnitude in the K filter for RT And in 1990. The 
comparison star is BD+52°3375. 
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RT And (J filter) 1990 + 1992 + 1994 

Fig. 3. Superposed differential magnitudes in the J filter for RT And in 1990, 1991, and 1994. The comparison star is BD+52°3375. 

3. RESULTS AND DISCUSSION 

3.1 Light Curves Variability 

The light curve observed in 1990 August with the J filter 
(Fig. 1) presents an appreciable difference between the 
brightness of both its maxima. After the secondary eclipse 
the brightness seems to be depressed displaying narrow dips, 
which makes the maximum between phases 0.6 to 0.9 fainter 
than the other maximum by about 0.03 mag. This difference 
is unappreciable at longer wavelengths {K filter, Fig. 2), 
where the light curve is more regular. The visual light curves 
obtained contemporary to our IR observations, from October 
3 to August 29 in U,B,V filters (Dapergolas et al. 1991), 
display a similar difference between the quadrature levels as 
noted in our J filter light curve, but it do not show any 
defined dips, which are probably transient features. Figures 3 
and 4 show superposed all the IR observations taken 
throughout the different years. The most significant changes 
between the successive observations appear in the J filter, 
with a difference of about 0.04 mag. in the binary brightness 
after the primary minimum (orbital phases —0.1-0.3), in the 
sense that during 1992 it was fainter than in 1990). A small 
narrow dip at phase —0.3 is apparent the 1992 light curve. 
Once again, no significant variations are observed in the si- 
multaneous K filter light curves. From the comparison of the 
observations taken along the years at the other maximum, 
orbital phases 0.6-0.8, no conclusions can be drawn since 
there are fewer points. The observations of the 1994 maxima 

do not display any appreciable features either in the J filter 
or in the K filter, and define a rather regular light curve. 

Concerning the minima, the primary eclipse was observed 
twice, while the secondary was observed in three different 
years. As can be seen in Fig. 3, the J filter data show there 
are no differences in the observed depths of both minima at 
different epochs, with particularly good agreement in the 
secondary ones. Some differences (about 0.03 mag) were 
observed in the depth of the secondary minimum between 
the K filter light curves (Fig. 4). 

As commented above, it is generally accepted that star- 
spots are the main source of photometric variability in this 
active binary (Zeilik et al. 1989b). However, the well- 
defined depressions at the end of the 1990 secondary eclipse 
(Fig. 1), are too narrow to be interpreted as a cool starspot 
signature, suggesting the existence of a transient extinction 
effect, presumably associated to localized circumstellar 
structures on one or between both stars. Similar photometric 
depressions are frequently observed in many detached and 
semidetached binaries, particularly in the light curves at the 
beginning the end of the eclipses; we have observed them in 
the infrared in other short-period RS CVn systems (Arevalo 
& Lázaro 1990). Similar features in RT And visible light 
curves have been found before, at almost identical orbital 
phases (see Milano 1981), and in the 1964 light curves of 
Dean (1974), displaying variable absorption and emission at 
the end of the primary eclipse, with clear differences be- 

RT And (K filter) 1990 + 1991 + 1992 + 1994 

Fig. 4. Superposed differential magnitudes in the K filter for RT And in 1990, 1991, 1992, and 1994. The comparison star is BD+52°3375. 
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Table 1. J filter observations of RT And. 

HJD Phase A J HJD Phase A J HJD Phase A J 

2448113.602 
2448113.622 
2448113.632 
2448113.646 
2448113.657 
2448113.672 
2448113.680 
2448113.690 
2448114.464 
2448114.494 
2448114.512 
2448114.538 
2448114.569 
2448114.578 
2448114.598 
2448114.621 
2448114.640 
2448114.672 
2448114.692 
2448115.508 
2448115.515 
2448115.536 
2448115.554 
2448115.564 
2448115.584 
2448115.597 
2448115.617 
2448115.630 
2448115.664 
2448115.680 
2448115.713 
2448117.470 
2448117.490 
2448117.514 
2448117.533 
2448117.560 
2448118.554 
2448118.582 
2448118.588 
2448118.602 
2448120.474 
2448120.477 
2448120.482 
2448120.487 
2448120.492 
2448120.500 
2448120.508 
2448120.511 
2448120.518 
2448120.523 
2448120.530 
2448120.534 
2448120.541 
2448120.545 
2448120.549 
2448120.559 
2448120.563 
2448120.569 
2448120.581 
2448120.584 
2448120.591 
2448121.429 
2448121.441 
2448121.454 
2448121.459 
2448121.466 
2448121.471 
2448121.476 
2448121.490 
2448121.504 
2448121.510 
2448121.514 

0.045 
0.078 
0.094 
0.116 
0.134 
0.156 
0.169 
0.186 
0.416 
0.465 
0.493 
0.534 
0.583 
0.597 
0.629 
0.666 
0.696 
0.746 
0.779 
0.076 
0.087 
0.120 
0.149 
0.166 
0.197 
0.217 
0.250 
0.271 
0.324 
0.350 
0.402 
0.195 
0.228 
0.266 
0.296 
0.338 
0.919 
0.963 
0.973 
0.995 
0.971 
0.976 
0.985 
0.992 
0.001 
0.013 
0.026 
0.031 
0.042 
0.049 
0.061 
0.067 
0.079 
0.085 
0.091 
0.107 
0.113 
0.123 
0.141 
0.146 
0.157 
0.491 
0.510 
0.531 
0.539 
0.550 
0.557 
0.565 
0.587 
0.609 
0.619 
0.626 

0.679 
0.506 
0.429 
0.463 
0.410 
0.452 
0.433 
0.422 
0.555 
0.740 
0.807 
0.647 
0.447 
0.445 
0.439 
0.416 
0.450 
0.424 
0.443 
0.493 
0.445 
0.444 
0.425 
0.431 
0.430 
0.398 
0.430 
0.452 
0.420 
0.421 
0.442 
0.442 
0.409 
0.416 
0.420 
0.398 
0.510 
0.892 
0.987 
1.070 
0.937 
0.978 
1.106 
1.062 
1.014 
0.979 
0.843 
0.779 
0.655 
0.594 
0.555 
0.506 
0.452 
0.455 
0.467 
0.433 
0.439 
0.500 
0.414 
0.424 
0.408 
0.796 
0.806 
0.671 
0.651 
0.585 
0.579 
0.557 
0.455 
0.468 
0.467 
0.452 

2448113.611 
2448113.623 
2448113.635 
2448113.651 
2448113.659 
2448113.677 
2448113.687 
2448113.701 
2448114.465 
2448114.505 
2448114.523 
2448114.544 
2448114.570 
2448114.584 
2448114.607 
2448114.623 
2448114.650 
2448114.673 
2448114.698 
2448115.508 
2448115.526 
2448115.544 
2448115.555 
2448115.570 
2448115.585 
2448115.598 
2448115.620 
2448115.633 
2448115.666 
2448115.684 
2448115.719 
2448117.474 
2448117.503 
2448117.528 
2448117.550 
2448118.549 
2448118.557 
2448118.584 
2448118.591 
2448120.472 
2448120.474 
2448120.480 
2448120.483 
2448120.490 
2448120.494 
2448120.501 
2448120.509 
2448120.513 
2448120.519 
2448120.524 
2448120.531 
2448120.535 
2448120.543 
2448120.546 
2448120.556 
2448120.560 
2448120.567 
2448120.571 
2448120.582 
2448120.585 
2448120.592 
2448121.435 
2448121.447 
2448121.456 
2448121.461 
2448121.468 
2448121.472 
2448121.487 
2448121.492 
2448121.505 
2448121.512 
2448121.515 

0.060 
0.079 
0.098 
0.123 
0.136 
0.165 
0.181 
0.202 
0.418 
0.481 
0.510 
0.544 
0.585 
0.606 
0.644 
0.668 
0.712 
0.748 
0.788 
0.076 
0.105 
0.133 
0.151 
0.174 
0.199 
0.219 
0.254 
0.275 
0.326 
0.355 
0.411 
0.202 
0.249 
0.288 
0.323 
0.911 
0.924 
0.967 
0.979 
0.968 
0.973 
0.982 
0.986 
0.998 
0.004 
0.015 
0.027 
0.033 
0.044 
0.052 
0.063 
0.070 
0.081 
0.087 
0.102 
0.109 
0.120 
0.126 
0.143 
0.148 
0.160 
0.500 
0.520 
0.534 
0.541 
0.552 
0.558 
0.582 
0.591 
0.611 
0.622 
0.628 

0.569 
0.489 
0.448 
0.442 
0.455 
0.468 
0.435 
0.444 
0.572 
0.803 
0.758 
0.592 
0.475 
0.458 
0.468 
0.428 
0.437 
0.425 
0.440 
0.490 
0.430 
0.425 
0.421 
0.424 
0.432 
0.418 
0.390 
0.455 
0.422 
0.422 
0.380 
0.407 
0.429 
0.433 
0.417 
0.488 
0.521 
0.917 
1.036 
0.907 
0.959 
1.059 
1.066 
1.031 
1.012 
0.944 
0.807 
0.712 
0.622 
0.593 
0.499 
0.495 
0.453 
0.463 
0.458 
0.463 
0.429 
0.457 
0.421 
0.389 
0.413 
0.789 
0.763 
0.643 
0.621 
0.577 
0.539 
0.503 
0.502 
0.396 
0.453 
0.459 

2448113.616 
2448113.626 
2448113.645 
2448113.652 
2448113.668 
2448113.679 
2448113.689 
2448113.702 
2448114.493 
2448114.507 
2448114.536 
2448114.547 
2448114.576 
2448114.585 
2448114.610 
2448114.630 
2448114.657 
2448114.684 
2448114.700 
2448115.511 
2448115.528 
2448115.545 
2448115.563 
2448115.574 
2448115.587 
2448115.606 
2448115.629 
2448115.652 
2448115.670 
2448115.697 
2448117.464 
2448117.486 
2448117.510 
2448117.532 
2448117.555 
2448118.551 
2448118.560 
2448118.585 
2448118.599 
2448120.473 
2448120.475 
2448120.481 
2448120.484 
2448120.491 
2448120.495 
2448120.504 
2448120.510 
2448120.514 
2448120.521 
2448120.529 
2448120.532 
2448120.540 
2448120.544 
2448120.548 
2448120.557 
2448120.561 
2448120.568 
2448120.580 
2448120.582 
2448120.590 
2448121.427 
2448121.436 
2448121.450 
2448121.458 
2448121.465 
2448121.469 
2448121.474 
2448121.489 
2448121.502 
2448121.506 
2448121.513 
2448121.524 

0.068 
0.084 
0.114 
0.125 
0.151 
0.167 
0.183 
0.204 
0.462 
0.485 
0.530 
0.549 
0.594 
0.609 
0.648 
0.679 
0.722 
0.766 
0.791 
0.080 
0.107 
0.135 
0.164 
0.181 
0.202 
0.231 
0.268 
0.305 
0.334 
0.377 
0.186 
0.222 
0.260 
0.294 
0.331 
0.915 
0.928 
0.969 
0.990 
0.970 
0.974 
0.983 
0.988 
1.000 
0.006 
0.020 
0.029 
0.035 
0.046 
0.059 
0.065 
0.077 
0.083 
0.089 
0.105 
0.111 
0.121 
0.140 
0.144 
0.156 
0.488 
0.502 
0.524 
0.536 
0.547 
0.555 
0.562 
0.585 
0.606 
0.613 
0.624 
0.641 

0.531 
0.447 
0.463 
0.446 
0.412 

' 0.413 
0.426 
0.438 
0.750 
0.780 
0.685 
0.588 
0.440 
0.457 
0.442 
0.454 
0.419 
0.441 
0.451 
0.459 
0.446 
0.405 
0.423 
0.408 
0.404 
0.416 
0.431 
0.401 
0.427 
0.447 
0.437 
0.415 
0.405 
0.411 
0.421 
0.494 
0.604 
0.922 
1.081 
0.916 
0.949 
1.067 
1.038 
1.056 
1.031 
0.874 
0.796 
0.742 

* 0.644 
0.533 
0.538 
0.460 
0.452 
0.448 
0.418 
0.434 
0.445 
0.433 
0.411 
0.411 
0.778 
0.791 
0.747 
0.670 
0.566 
0.575 
0.503 
0.480 
0.450 
0.402 
0.479 
0.463 
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Table 1. (continued) 

HJD 

2448121.525 
2448121.528 
2448121.532 
2448121.540 
2448121.551 
2448119.567 
2448839.426 
2448839.449 
2448839.468 
2448839.485 
2448839.503 
2448839.521 
2448839.580 
2448839.600 
2448839.627 
2448839.654 
2448839.671 
2448839.683 
2448839.700 
2448839.721 
24488*39.743 
2448840.657 
2448840.674 
2448840.687 
2448840.705 
2448840.723 
2448840.736 
2449360.336 
2449360.350 
2449360.357 
2449360.371 
2449360.385 
2449360.391 
2449360.402 
2449360.408 
2449360.418 
2449360.423 
2449360.430 
2449360.442 
2449361.319 
2449361.324 
2449361.338 
2449361.344 
2449361.358 
2449361.369 
2449361.376 
2449361.382 
2449361.398 
2449361.406 
2449361.422 
2449361.428 
2449379.357 
2449379.363 
2449379.369 

Phase A J 

0.443 
0.420 
0.448 
0.460 
0.467 
0.640 
0.573 
0.483 
0.447 
0.469 
0.441 
0.441 
0.529 
0.483 
0.495 
0.747 
0.816 
0.731 
0.599 
0.611 
0.653 
0.549 
0.492 
0.496 
0.483 
0.493 
0.480 
0.437 
0.440 
0.453 
0.495 
0.556 
0.607 
0.711 
0.765 
0.808 
0.810 
0.803 
0.763 
0.562 
0.540 
0.711 
0.761 
1.034 
1.158 
1.077 
0.954 
0.681 
0.565 
0.453 
0.478 
0.508 
0.505 
0.492 

HJD 

2448121.526 
2448121.529 
2448121.534 
2448121.542 
2448119.423 
2448839.391 
2448839.429 
2448839.455 
2448839.472 
2448839.489 
2448839.507 
2448839.534 
2448839.592 
2448839.604 
2448839.632 
2448839.658 
2448839.675 
2448839.695 
2448839.712 
2448839.735 
2448840.641 
2448840.660 
2448840.678 
2448840.697 
2448840.715 
2448840.728 
2448840.740 
2449360.341 
2449360.353 
2449360.364 
2449360.374 
2449360.386 
2449360.393 
2449360.404 
2449360.411 
2449360.419 
2449360.425 
2449360.432 
2449361.315 
2449361.320 
2449361.334 
2449361.339 
2449361.345 
2449361.364 
2449361.371 
2449361.378 
2449361.391 
2449361.400 
2449361.416 
2449361.424 
2449361.431 
2449379.358 
2449379.365 
2449379.384 

Phase A J 

0.644 0.435 
0.650 0,457 
0.657 0.446 
0.670 0.447 
0.301 0.420 
0.053 0.543 
0.112 0.569 
0.154 0.469 
0.181 0.481 
0.208 0.452 
0.237 0.457 
0.279 0.460 
0.371 0.463 
0.391 0.476 
0.435 0.612 
0.477 0.810 
0.504 0.770 
0.535 0.681 
0.563 0.553 
0.599 0.641 
0.040 0.716 
0.071 0.530 
0.099 0.488 
0.129 0.493 
0.158 0.491 
0.178 0.502 
0.197 0.452 
0.364 0.449 
0.383 0.436 
0.401 0.467 
0.416 0.498 
0.437 0.561 
0.447 0.617 
0.465 0.722 
0.475 0.776 
0.488 0.813 
0.499 0.817 
0.508 0.812 
0.913 0.515 
0.921 0.561 
0.942 0.611 
0.950 0.740 
0.961 0.794 
0.991 1.072 
0.002 1.146 
0.013 1.056 
0.033 0.828 
0.048 0.663 
0.073 0.474 
0.086 0.448 
0.097 0.469 
0.602 0.503 
0.613 0.506 
0.643 0.475 

HJD 

2448121.527 
2448121.531 
2448121.538 
2448121.550 
2448119.425 
2448839.421 
2448839.434 
2448839.464 
2448839.481 
2448839.498 
2448839.516 
2448839.538 
2448839.596 
2448839.613 
2448839.645 
2448839.662 
2448839.679 
2448839.698 
2448839.717 
2448839.739 
2448840.652 
2448840.664 
2448840.683 
2448840.701 
2448840.719 
2448840.732 
2449360.331 
2449360.349 
2449360.355 
2449360.369 
2449360.375 
2449360.389 
2449360.394 
2449360.407 
2449360.412 
2449360.421 
2449360.427 
2449360.435 
2449361.316 
2449361.324 
2449361.334 
2449361.342 
2449361.358 
2449361.365 
2449361.375 
2449361.380 
2449361.395 
2449361.404 
2449361.418 
2449361.426 
2449361.432 
2449379.361 
2449379.368 
2449379.386 

Phase A J 

0.646 0.439 
0.652 0.426 
0.664 0.471 
0.682 0.471 
0.305 0.430 
0.100 0.542 
0.121 0.516 
0.169 0.462 
0.195 0.463 
0.222 0.463 
0.252 0.453 
0.286 0.452 
0.378 0.452 
0.406 0.463 
0.456 0.671 
0.483 0.804 
0.510 0.768 
0.540 0.626 
0.571 0.578 
0.606 0.601 
0.058 0.594 
0.077 0.501 
0.106 0.481 
0.135 0.473 
0.164 0.489 
0.184 0.502 
0.348 0.423 
0.377 0.427 
0.386 0.443 
0.409 0.469 
0.419 0.484 
0.441 0.589 
0.449 0.633 
0.469 0.771 
0.477 0.775 
0.492 0.832 
0.502 0.813 
0.514 0.795 
0.914 0.484 
0.927 0.565 
0.944 0.643 
0.957 0.747 
0.981 0.982 
0.993 1.063 
0.008 1.101 
0.017 0.960 
0.040 0.712 
0.055 0.570 
0.077 0.472 
0.090 0.477 
0.099 0.463 
0.606 0.474 
0.617 0.484 
0.646 0.513 

0.643 
0.648 
0.655 
0.667 
0.685 
0.530 
0.107 
0.144 
0.175 
0.202 
0.230 
0.259 
0.353 
0.384 
0.427 
0.471 
0.498 
0.516 
0.544 
0.577 
0.613 
0.064 
0.093 
0.112 
0.142 
0.170 
0.191 
0.356 
0.379 
0.390 
0.412 
0.434 
0.443 
0.462 
0.471 
0.486 
0.495 
0.506 
0.526 
0.919 
0.928 
0.949 
0.959 
0.982 
0.998 
0.010 
0.020 
0.045 
0.057 
0.084 
0.093 
0.599 
0.610 
0.619 

tween the ultraviolet, blue, and yellow light curves. Also the 
night-to-night fluctuations pointed out by Gordon (1955) and 
others are difficult to explain by the presence of spots, and 
their origin is most likely to be related to extinction and 
emission effects originated in extraphotospheric structures or 
in mass transfer processes (Piotrowski et al. 1974; Botsula 
1985). 

3.2 Light Curves Solutions 

This section presents the solutions of the IR light curves, 
and the resulting parameters confronted with those obtained 

from previous determinations using visible light curves. The 
IR light curves of RT And in the J and K filters were ana- 
lyzed by means of the set of programmes developed by Bud- 
ding & Zeilik (1987). The limb-darkening coefficients were 
obtained by interpolation from Al-Naimy’s (1978) tables. 
The accepted value for the mass ratio was ^=0.73, as Popper 
(1994) determined using radial velocity curves. The eccen- 
tricity was assumed to be £=0, even though in some fits we 
assumed a value of £=0.026, as determined by Zeilik et al. 
(1989b), without significant variations in the resulting val- 
ues. The mean stellar surface temperatures, used to calculate 
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Table 2. K filter observations of RT And. 

HJD Phase A K HJD Phase A K HJD Phase A K 

2448113.592 
2448113.609 
2448113.621 
2448113.630 
2448113.650 
2448113.660 
2448113.681 
2448114.469 
2448114.509 
2448114.526 
2448114.542 
2448114.572 
2448114.582 
2448114.601 
2448114.627 
2448114.645 
2448114.654 
2448114.681 
2448115.499 
2448115.511 
2448115.523 
2448115.547 
2448115.576 
2448115.589 
2448115.609 
2448115.644 
2448115.660 
2448115.678 
2448115.707 
2448117.472 
2448117.501 
2448117.530 
2448117.557 
2448118.553 
2448118.583 
2448118.598 
2448118.605 
2448118.609 
2448118.615 
2448118.618 
2448118.621 
2448118.627 
2448118.630 
2448118.635 
2448118.638 
2448118.641 
2448118.643 
2448118.649 
2448118.653 
2448118.658 
2448118.661 
2448118.666 
2448118.674 
2448118.681 
2448119.524 
2448119.527 
2448119.530 
2448119.534 
2448119.537 
2448119.540 
2448119.545 
2448119.550 
2448119.553 
2448119.559 
2448119.574 
2448119.576 
2448119.579 
2448119.585 
2448119.588 
2448119.595 
2448119.600 
2448119.604 
2448119.616 

0.030 
0.057 
0.075 
0.091 
0.121 
0.138 
0.171 
0.424 
0.487 
0.515 
0.541 
0.589 
0.603 
0.633 
0.675 
0.704 
0.718 
0.762 
0.062 
0.080 
0.100 
0.138 
0.184 
0.205 
0.237 
0.292 
0.318 
0.346 
0.393 
0.199 
0.245 
0.291 
0.335 
0.917 
0.965 
0.989 
0.001 
0.006 
0.017 
0.021 
0.025 
0.035 
0.040 
0.048 
0.052 
0.057 
0.061 
0.070 
0.077 
0.085 
0.090 
0.097 
0.109 
0.121 
0.462 
0.466 
0.470 
0.478 
0.482 
0.486 
0.495 
0.503 
0.507 
0.517 
0.541 
0.545 
0.549 
0.558 
0.564 
0.575 
0.582 
0.589 
0.608 

1.067 
0.838 
0.769 
0.728 
0.727 
0.720 
0.721 
0.816 
1.231 
1.091 
0.901 
0.743 
0.755 
0.734 
0.724 
0.715 
0.706 
0.723 
0.850 
0.754 
0.749 
0.719 
0.741 
0.722 
0.719 
0.717 
0.712 
0.722 
0.732 
0.681 
0.718 
0.706 
0.717 
0.777 
1.155 
1.277 
1.264 
1.274 
1.161 
1.149 
1.062 
0.984 
0.939 
0.908 
0.861 
0.828 
0.808 
0.772 
0.745 
0.719 
0.707 
0.735 
0.732 
0.728 
1.025 
1.024 
1.071 
1.113 
1.146 
1.141 
1.112 
1.108 
1.100 
1.083 
0.916 
0.874 
0.872 
0.820 
0.802 
0.766 
0.743 
0.725 
0.727 

2448113.593 
2448113.613 
2448113.625 
2448113.637 
2448113.654 
2448113.674 
2448113.686 
2448114.471 
2448114.510 
2448114.527 
2448114.550 
2448114.574 
2448114.594 
2448114.619 
2448114.633 
2448114.648 
2448114.669 
2448114.695 
2448115.501 
2448115.517 
2448115.538 
2448115.552 
2448115.577 
2448115.591 
2448115.611 
2448115.645 
2448115.672 
2448115.686 
2448117.462 
2448117.484 
2448117.508 
2448117.538 
2448117.562 
2448118.555 
2448118.587 
2448118.600 
2448118.606 
2448118.613 
2448118.616 
2448118.619 
2448118.625 
2448118.628 
2448118.631 
2448118.636 
2448118.639 
2448118.642 
2448118.647 
2448118.650 
2448118.654 
2448118.659 
2448118.662 
2448118.667 
2448118.675 
2448118.682 
2448119.525 
2448119.528 
2448119.530 
2448119.535 
2448119.538 
2448119.541 
2448119.546 
2448119.551 
2448119.554 
2448119.561 
2448119.575 
2448119.577 
2448119.580 
2448119.586 
2448119.590 
2448119.597 
2448119.601 
2448119.606 
2448119.618 

0.032 
0.063 
0.081 
0.101 
0.128 
0.160 
0.178 
0.427 
0.489 
0.517 
0.552 
0.591 
0.622 
0.663 
0.684 
0.708 
0.742 
0.783 
0.064 
0.090 
0.124 
0.146 
0.186 
0.207 
0.240 
0.295 
0.337 
0.358 
0.183 
0.218 
0.257 
0.304 
0.342 
0.921 
0.971 
0.992 
0.002 
0.012 
0.018 
0.023 
0.032 
0.037 
0.042 
0.050 
0.054 
0.058 
0.067 
0.072 
0.078 
0.087 
0.091 
0.099 
0.111 
0.122 
0.463 
0.468 
0.471 
0.479 
0.483 
0.488 
0.497 
0.505 
0.509 
0.520 
0.542 
0.546 
0.551 
0.560 
0.567 
0.577 
0.584 
0.591 
0.611 

1.040 
0.817 
0.753 
0.740 
0.733 
0.696 
0.716 
0.819 
1.217 
1.066 
0.846 
0.757 
0.741 
0.728 
0.723 
0.704 
0.740 
0.719 
0.862 
0.774 
0.727 
0.723 
0.707 
0.718 
0.723 
0.712 
0.724 
0.726 
0.724 
0.701 
0.700 
0.716 
0.721 
0.797 
1.191 
1.276 
1.277 
1.211 
1.141 
1.137 
1.033 
0.994 
0.940 
0.867 
0.870 
0.830 
0.787 
0.754 
0.744 
0.730 
0.719 
0.718 
0.723 
0.713 
1.018 
1.046 
1.072 
1.084 
1.162 
1.132 
1.116 
1.110 
1.104 
1.070 
0.894 
0.879 
0.848 
0.814 
0.782 
0.758 
0.737 
0.737 
0.737 

2448113.608 
2448113.614 
2448113.628 
2448113.648 
2448113.655 
2448113.675 
2448114.468 
2448114.496 
2448114.518 
2448114.540 
2448114.551 
2448114.580 
2448114.595 
2448114.625 
2448114.637 
2448114.653 
2448114.675 
2448115.486 
2448115.510 
2448115.519 
2448115.543 
2448115.567 
2448115.582 
2448115.595 
2448115.616 
2448115.654 
2448115.677 
2448115.695 
2448117.466 
2448117.488 
2448117.512 
2448117.553 
2448118.550 
2448118.559 
2448118.590 
2448118.604 
2448118.607 
2448118.614 
2448118.617 
2448118.620 
2448118.626 
2448118.629 
2448118.634 
2448118.637 
2448118.640 
2448118.642 
2448118.648 
2448118.652 
2448118.658 
2448118.660 
2448118.663 
2448118.668 
2448118.676 
2448119.522 
2448119.526 
2448119.529 
2448119.533 
2448119.536 
2448119.539 
2448119.544 
2448119.548 
2448119.552 
2448119.558 
2448119.563 
2448119.576 
2448119.578 
2448119.584 
2448119.587 
2448119.591 
2448119.598 
2448119.603 
2448119.607 
2448119.620 

0.055 
0.065 
0.087 
0.119 
0.130 
0.162 
0.422 
0.468 
0.502 
0.537 
0.554 
0.601 
0.624 
0.672 
0.691 
0.716 
0.752 
0.042 
0.079 
0.093 
0.131 
0.170 
0.194 
0.214 
0.247 
0.308 
0.344 
0.373 
0.190 
0.225 
0.263 
0.328 
0.913 
0.926 
0.976 
0.998 
0.004 
0.015 
0.019 
0.024 
0.033 
0.038 
0.047 
0.051 
0.056 
0.060 
0.069 
0.075 
0.084 
0.088 
0.093 
0.101 
0.113 
0.458 
0.464 
0.469 
0.476 
0.480 
0.485 
0.493 
0.499 
0.506 
0.515 
0.523 
0.544 
0.548 
0.557 
0.562 
0.569 
0.580 
0.587 
0.593 
0.614 

0.879 
0.807 
0.728 
0.735 
0.738 
0.719 
0.906 
1.068 
1.199 
0.900 
0.838 
0.752 
0.750 
0.721 
0.720 
0.747 
0.710 
0.952 
0.752 
0.731 
0.732 
0.704 
0.690 
0.709 
0.707 
0.704 
0.701 
0.736 
0.715 
0.705 
0.683 
0.710 
0.760 
0.812 
1.229 
1.285 
1.276 
1.189 
1.116 
1.097 
1.013 
0.976 
0.908 
0.863 
0.851 
0.812 
0.782 
0.760 

• 0.716 
0.706 
0.741 
0.732 
0.731 
0.980 
1.011 
1.073 
1.104 
1.107 
1.124 
1.164 
1.161 
1.115 
1.082 
1.068 
0.888 
0.872 
0.844 
0.800 
0.789 
0.732 
0.745 
0.754 
0.730 
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Table 2. (continued) 

Phase A K HJD Phase A K HJD Phase A K HJD 

2448119.621 
2448119.727 
2448119.731 
2448121.653 
2448121.657 
2448121.660 
2448121.666 
2448265.419 
2448265.440 
2448265.458 
2448839.391 
2448839.429 
2448839.455 
2448839.472 
2448839.489 
2448839.508 
2448839.534 
2448839.592 
2448839.604 
2448839.632 
2448839.655 
2448839.672 
2448839.683 
2448839.701 
2448839.721 
2448839.744 
2448840.657 
2448840.675 
2448840.687 
2448840.706 
2448840.723 
2448840.736 
2449360.336 
2449360.351 
2449360.358 
2449360.372 
2449360.385 
2449360.391 
2449360.403 
2449360.409 
2449360.418 
2449360.423 
2449360.431 
2449360.443 
2449361.319 
2449361.325 
2449361.338 
2449361.344 
2449361.359 
2449361.369 
2449361.376 
2449361.383 
2449361.399 
2449361.406 
2449361.423 
2449361.428 
2449379.357 
2449379.365 
2449379.385 

0.616 0.725 
0.784 0.708 
0.791 0.721 
0.847 0.734 
0.852 0.770 
0.857 0.736 
0.868 0.752 
0.435 0.845 
0.468 0.974 
0.498 1.131 
0.053 1.042 
0.113 0.846 
0.155 0.721 
0.181 0.712 
0.208 0.734 
0.238 0.677 
0.280 0.733 
0.372 0.735 
0.391 0.724 
0.436 0.962 
0.471 1.030 
0.499 1.102 
0.516 1.054 
0.545 0.863 
0.578 0.852 
0.613 0.814 
0.065 0.817 
0.093 0.748 
0.113 0.746 
0.142 0.717 
0.171 0.739 
0.191 0.733 
0.357 0.720 
0.380 0.706 
0.391 0.709 
0.413 0.751 
0.434 0.832 
0.444 0.867 
0.462 1.018 
0.472 1.065 
0.487 1.162 
0.495 1.165 
0.507 1.137 
0.526 1.041 
0.920 0.779 
0.928 0.818 
0.949 0.968 
0.959 1.060 
0.982 1.272 
0.999 1.307 
0.011 1.272 
0.020 1.188 
0.046 0.915 
0.058 0.880 
0.084 0.706 
0.093 0.724 
0.600 0.778 
0.613 0.745 
0.644 0.755 

2448119.723 
2448119.728 
2448119.733 
2448121.655 
2448121.657 
2448121.664 
2448121.667 
2448265.424 
2448265.444 
2448265.462 
2448839.422 
2448839.435 
2448839.464 
2448839.481 
2448839.498 
2448839.517 
2448839.538 
2448839.596 
2448839.614 
2448839.638 
2448839.659 
2448839.675 
2448839.695 
2448839.713 
2448839.735 
2448840.642 
2448840.661 
2448840.679 
2448840.697 
2448840.715 
2448840.728 
2448840.740 
2449360.341 
2449360.353 
2449360.364 
2449360.374 
2449360.387 
2449360.393 
2449360.405 
2449360.411 
2449360.419 
2449360.426 
2449360.432 
2449361.315 
2449361.320 
2449361.334 
2449361.339 
2449361.346 
2449361.364 
2449361.371 
2449361.378 
2449361.391 
2449361.400 
2449361.417 
2449361.424 
2449361.431 
2449379.361 
2449379.368 
2449379.386 

0.779 0.720 
0.786 0.728 
0.793 0.713 
0.849 0.733 
0.854 0.756 
0.864 0.759 
0.869 0.741 
0.442 0.932 
0.475 1.029 
0.503 1.145 
0.101 0.779 
0.122 0.770 
0.169 0.728 
0.195 0.727 
0.223 0.711 
0.252 0.689 
0.286 0.718 
0.378 0.717 
0.406 0.705 
0.445 0.825 
0.478 1.098 
0.504 1.107 
0.536 0.944 
0.563 0.801 
0.600 0.758 
0.041 0.983 
0.071 0.788 
0.100 0.731 
0.129 0.732 
0.158 0.745 
0.178 0.750 
0.198 0.705 
0.364 0.732 
0.384 0.706 
0.401 0.710 
0.417 0.767 
0.437 0.841 
0.447 0.906 
0.466 1.025 
0.476 1.090 
0.489 1.164 
0.499 1.165 
0.509 1.133 
0.913 0.757 
0.921 0.787 
0.943 0.887 
0.951 0.998 
0.962 1.077 
0.991 1.308 
0.002 1.342 
0.014 1.261 
0.034 1.022 
0.049 0.946 
0.074 0.750 
0.087 0.719 
0.097 0.729 
0.606 0.734 
0.617 0.757 
0.646 0.764 

2448119.725 
2448119.730 
2448119.734 
2448121.656 
2448121.659 
2448121.665 
2448121.669 
2448265.429 
2448265.454 
2448265.465 
2448839.426 
2448839.449 
2448839.468 
2448839.485 
2448839.503 
2448839.521 
2448839.581 
2448839.600 
2448839.618 
2448839.645 
2448839.662 
2448839.679 
2448839.698 
2448839.717 
2448839.740 
2448840.653 
2448840.665 
2448840.683 
2448840.701 
2448840.719 
2448840.732 
2449360.331 
2449360.349 
2449360.355 
2449360.369 
2449360.375 
2449360.389 
2449360.395 
2449360.407 
2449360.412 
2449360.422 
2449360.428 
2449360.435 
2449361.316 
2449361.324 
2449361.335 
2449361.343 
2449361.358 
2449361.366 
2449361.375 
2449361.381 
2449361.395 
2449361.404 
2449361.418 
2449361.427 
2449361.432 
2449379.364 
2449379.370 
2449379.392 

0.781 0.727 
0.788 0.713 
0.796 0.725 
0.851 0.734 
0.856 0.710 
0.866 0.743 
0.872 0.754 
0.450 0.854 
0.491 1.121 
0.508 1.119 
0.108 0.804 
0.144 0.727 
0.175 0.725 
0.202 0.737 
0.230 0.712 
0.259 0.717 
0.354 0.781 
0.385 0.716 
0.414 0.758 
0.456 0.940 
0.484 1.090 
0.510 1.101 
0.541 0.902 
0.571 0.804 
0.606 0.788 
0.058 0.847 
0.077 0.762 
0.106 ' 0.734 
0.136 0.719 
0.164 0.737 
0.185 0.737 
0.348 0.700 
0.377 0.709 
0.386 0.700 
0.410 0.729 
0.419 0.766 
0.441 0.850 
0.450 0.907 
0.470 1.068 
0.478 1.088 
0.493 1.140 
0.502 1.159 
0.514 1.153 
0.914 0.755 
0.927 0.829 
0.944 0.916 
0.957 1.045 
0.981 1.230 
0.994 1.299 
0.008 1.282 
0.017 1.197 
0.040 0.961 
0.055 0.842 
0.077 0.742 
0.091 0.714 
0.100 0.722 
0.611 0.736 
0.620 0.768 
0.655 0.752 

the gravity darkening exponents, were 7^=6100 K and 
r2=4900 K, according to the values of Straizys & Kuriliene 
(1981) for the spectroscopic classification of the primary and 
secondary components of RT And, F8-G0 V and K0—2 V, 
respectively. The adopted values for the effective tempera- 
tures of the stars do not have an appreciable affect on the 
fitted parameters, i.e., the relative luminosities and radii of 

the components, are within a range of at least ±300 K, and 
so a moderate error in the assumed values does not determine 
the results of the light curve analysis. 

We have searched in the literature for previous solutions 
to other light curves, and it is interesting to summarize here 
the results obtained from visual photometry. Detailed analy- 
ses of visual light curve parameters have been performed by 
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Table 3. Results from previous photometric solutions at V filter light curves of RT And. 

References 

Parameters 
1 

1944 
2 

1962 
3 

1973 
4 

1978 
5 

1949- 
-1978 

6 
1978 

7 
1981 

8 
1987 

fc=r2/ri. 
ri   
*2   
Í  
Li  
L2  

0.52 

82.7 
0.63 
0.37 
0.089 

0.738 
0.316 
0.234 
87.6 
0.818 
0.182 

0.696 
0.331 
0.230 
87.3 
0.853 
0.147 
0.08 

Espec. typei GO F8V F8V 
Espec. type2 K1 G5V K0V 

0.887 
0.301 
0.267 
80.9 
0.776 
0.224 

F8V 
K0V 

0.715 
0.324 
0.232 
87.3 
0.880 
0.120 

0.871 
0.287 
0.250 
82.0 
0.83 
0.17 

F8V F8V 

0.723 
0.311 
0.225 
88.9 
0.857 
0.143 

F8V 

0.722 
0.315 
0.227 
88.4 
0.895 
0.105 
0.026 
F8V 

K0V K0V 

References: (1) Payne-Gaposchkin 1946. (2) Dean 1974. (3) Dumistrescu 1973. 
(4) Mancuso et al. 1979. (5) Milano et al. 1981. (6) Mancuso et al. 1981. (7) 
Budding y Zeilik 1987. (8) Zeilik et al 1989. 

different authors. Milano et al. (1981) conducted an homo- 
geneous analysis of ten light curves obtained for RT And 
(from 1949 to 1978), employing two different fitting pro- 
grammes: Wood’s (1971, 1972) and Wilson & Devinney’s 
(1971) models, and inferred an unique solution for all the 
light curves, which is given in Table 3. In a more recent 
work, Zeilik et al. (1989b), by means of a different fitting 
programme (Budding & Zeilik 1987), examined an extensive 
sample of published V light curves, removing the contribu- 
tion of cool starspots, and inferred similar values for the 
geometrical parameters (also given in Table 3) as reported by 
Milano et al (1981). This result is important because it in- 
dicates that the obtained geometrical parameters do not de- 
pend on the method utilized to derive the light curve solu- 
tions. The results from other existing determinations are also 

provided in the same table, but note that some of the values 
of the reported parameters are now rather different. In gen- 
eral, two values for the orbital inclination are available from 
the light curves analyses published: around 82° or 88°, and 
the radii ratio k=r2/rl takes the alternative values approxi- 
mately 0.88 or 0.72. 

In the analysis of our IR light curves, we adopted two sets 
of values as initial parameters, using the most different sets 
of solutions obtained from previous determinations via visual 
photometry, namely, the values obtained by Mancuso et al. 
(1981) and those determined by Zeilik et al. (1989b). Two 
solutions, a and b (given in Tables 4 and 5), represent the 
best fits obtained when the first or second set of values for 
the geometrical parameters are taken respectively as starting 
points in the fitting procedure. Both solutions a and b fit the 

Table 4. Results of solution a. 

J Filter J Filter (*) K Filter J Filter K Filter 
1990 1990 1990 1990 + 1994 1990 -f 1994 

Li=0.633 ± 0.002 
L2=0.367 ± 0.002 

ri=0.291 ± 0.001 
r2=0.270 ± 0.001 
¿=82* 

Ti=6100 K 
T2=4900 K 

X2=567 
e=0.016 

Li=0.640 ± 0.002 
L2=0.359 ± 0.002 

n=0.305 ± 0.001 
r2=0.276 ± 0.001 
¿=82° 

Ti=6100 K 
T2=4900 K 

X2=516 
€=0.015 

Li=0.609 ± 0.002 
L2=0.391 ± 0.002 

ri=0.297 ± 0.001 
r2=0.266 ± 0.001 
¿=82° 

Ti=6100 K 
T2=4900 K 

X2=490 
€=0.014 

Li=0.664 ± 0.002 
L2=0.337 ± 0.002 

ri=0.302 ± 0.001 
r2=0.262 ± 0.001 
¿=82* 

Ti=6100 K 
T2=4900 K 

X2=460 
€=0.013 

Li=0.632 ± 0.002 
L2=0.367 ± 0.002 

ri=0.300 ± 0.001 
r2=0.259 ± 0.001 
¿=82* 

Ti=6100 K 
T2=4900 K 

X2=500 
€=0.013 

(*) Only data points of the brightess maximum (orbital phases 0.1-0.4.) were considered in the fit. 
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Table 5. Results of solution b. 

J Filter J Filter (*) K Filter J Filter K Filter 
1990 1990 1990 1990 + 1994 1990 + 1994 

Li=0.746 ± 0.002 
L2=0.254 ± 0.002 

ri=0.318 ± 0.001 
r2=0.226 ± 0.001 
2=87° 

T!=6100 K 
T2=4900 K 

X2=567 
e=0.016 

Li=0.743 ± 0.002 
L2=0.257 ± 0.002 

n=0.320 ± 0.001 
r2=0.233 ± 0.001 
¿=87° 

Ti=6100 K 
T2=4900 K 

X2=516 
6=0.015 

Li=0.731 ± 0.002 
L2=0.269 ± 0.002 

ri=0.317 ± 0.001 
r2=0.218 ± 0.001 
2=87° 

Ti=6100 K 
T2=4900 K 

X2=490 
6=0.014 

Li=0.742 ± 0.002 
L2=0.258 ± 0.002 

n=0.318 ± 0.001 
r2=0.232 ± 0.001 
2=87° 

Ti=6100 K 
T2=4900 K 

X2=460 
6=0.013 

Li=0.712 ± 0.002 
L2=0.288 ± 0.002 

n=0.307 ± 0.001 
r2=0.221 ± 0.001 
2=87° 

Ti=6100 K 
T2=4900 K 

X2=500 
6=0.013 

(*) Only data points of the brightess maximum (orbital phases 0.1-0.4.) were considered in the fit. 

J and K light curves satisfactorily, in agreement with the 
results based on visible light curves, but the depth of the 
secondary eclipse is better reproduced in solution b. In order 
to check if there are other local minima in the fitting process, 
we have tried using other initial sets for the values of the free 
parameters. The conclusion of this parametric search is that 
the radii ratio £=0.70 (solution b) is the minimum value that 
fits satisfactorily our IR light curves, and the undetermina- 
tion between solutions a and b still remains. Different fits 
were carried out for the 1990 J and K filters light curves, and 
also for the J and K combined observations of 1990 and 
1994 runs. Tables 4 and 5 give the values obtained in the J 
and K light curve solutions, both for the 1990 data and for 
the combined 1990 plus 1994 observations. Figures 5 to 8 
represent the theoretical models superposed to the observa- 
tions for these fits. In both cases (a and b), in the analysis of 
the J filter 1990 light curve, we attempted to find solutions 
by assuming that the maximum between orbital phase values 
0.1-0.4 represents the brightness of the unperturbed stars, 
removing the points of the lower maximum, but this restric- 
tion only yields very slight changes in the resulting elements, 
also listed in Tables 4 and 5. 

RT And J Filter (1990 -I- 1994) Solution a 

Phase 

Fig. 5. Theoretical light curve from solution a together with the observa- 
tions (J filter). Only the brightest maximum was considered. 

3.3 Colors, Spectral Types and Effective Temperatures of 
the Stellar Components and Distance to RT And 

Even though RT And has been observed extensively, most 
of its visual light curves have not been calibrated in the stan- 
dard photometric system. The visual photometry carried out 
by Dapergolas et al. (1991) encompasses the most contem- 
porary measurements to our 1990 infrared photometry, but 
their visual light curves are given in differential magnitudes 
relative to BD+52°3384, chosen as comparison star. Re- 
cently, Heckert (1994) determined for us the following stan- 
dard magnitudes for this comparison star: U = 10.96, 
5 = 10.25, V=10.12, 5 = 10.05, and 7=9.99. Using this cali- 
bration of the comparison star and the differential 5, V pho- 
tometry provided by Dapergolas et al. (1991), we calculated 
the magnitudes and colours for RT And given in Table 6. RT 
And is a relatively close system (about 103 pc, see later) and 
the interstellar extinction towards its galactic coordinates, 
/ = 108.06° and b = —6.93°, seems not to be important (Lynds 
1962), so we assumed that interstellar reddening does not 
affect the observed colors. 

RT And J Filter (1990 + 1994) Solution b 

Phase 

Fig. 6. Theoretical light curve from solution b together with the observa- 
tions {J filter). Only the brightness maximum was considered. 
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RT And K Filter (1990 + 1994) Solution o 

Phase 

Fig. 7. Theoretical light curve from solution a together with the observa- 
tions (K filter). 

3.3.1 The spectral types of the components of RT And based on the depths of 
the observed eclipses 

We can relate the color of a binary measured 
out of eclipses with the color of the primary or secondary 
component, (X,- — and the partial contribution of the 
component star to the total light of the system by the expres- 
sion: 

(X,-X;-)(i’) = (X,-^)(1M2)-2.5 
(2) 

where ¿A'12' is the partial contribution of the primary or 
secondary star to the total brightness in the filter X¿ and 
L{1^ its the partial contribution in X;. We can use relation 
(2) to deduce the separate colors of the primary and second- 
ary components of RT And, in order to check its agreement 
with those expected from their spectroscopic classification. 
We applied relation (2) with the colors (V—J) and (V—K) 
measured at maxima (Table 6), while for Lj1)^2) and 
we use the values obtained from solutions a and b to the J 
and K light curves, and for L(

vi
),(2) we adopt Mancuso et a/.’s 

(1979) values for case a and Budding & Zeilik’s (1987) for 
case b (Table 3), as those solutions to the V light curves yield 
parameters very close to our a and b solutions respectively. 
We obtain for the two possible solutions: 

Case a: Primary star: (V-7)(1)=0.96, (V-A:)(1)=1.28. 
Secondary star: (V-/)(2)=1.68, (V-K)a>=2.l5. 

Comparing these values with Johnson’s (1966) colors for 
normal stars, the derived colors of the primary component 

RT And K Filter (1990 + 1994) Solution b 

Phase 

Fig. 8. Theoretical light curve from solution b together with the observa- 
tions (K filter). 

Table 6. ( V-X) observed colors of RT And. 

V-A Maxima Primary Secondary 
Minimum Minimum 

V-B -0.53 -0.58 -0.49 
V-J 1.17 1.36 1.08 
V-H 1.43 
V-K 1.54 1.80 1.39 

agree very well with those typical of F8 V stars, while the 
derived colors for the secondary component correspond to 
K2 V stars. 

Case b: Primary star: (y-7)(1)=1.01, (y-iT)(1)=1.37. 
Secondary star: (V-/)(2)=1.80, (V-AT)(2)=2.23. 

Now the derived colors of the primary component indi- 
cate a GO V type, while the derived colors for the secondary 
component correspond to a type slightly later than K2 V. 

For both stellar components the derived colours are some- 
what redder accepting solution b to the light curves instead 
of solution a, but in any case similar to the spectroscopic 
classifications F8 V-G0 V for the primary star, and about 
K2 V for the secondary, indicating that the visual-near- 
infrared fluxes resemble rather well that of normal stars, 
without any appreciable IR excess. 

3.3.2 The spectral types of the components of RT And by comparison 
between the colors measured out of eclipse with those expected from a pair 

of normal stars 

In order to effect the comparison we need a reference of 
the expected colors for a binary system composed by two 
normal stars. We use as a reference the synthetic colors ob- 
tained after combining two stars with similar spectral types 
to those determined from spectroscopic observations of RT 
And, with radii determined from the photometric light curve 
solutions, and using the empirical visual surface brightness- 
spectral type relation. The expected colors (rax. — .) out 
of eclipses are calculated by the expression: 

(mk-mXj)
<'b) 

= -2.5 log 

X 
41 V2! ) 10°-4<v- x.>( ^ + Fy )r2

2) 100-4«''- \ 

F(
v

1V2
1)10

o-4<'/-^(1> + F<y2)r2
2)100-4(v-V(27’ 

(3) 

where Fv is the stellar surface brightness in the V band, r the 
stellar relative radius and (V—X) the color, with the indices 
(1) and (2) for the primary and secondary stars, respectively. 
The colors for the stellar components of RT And were taken 
from Johnson’s (1966) tables of average colors for normal 
stars of the assumed spectral types, those spectroscopically 
determined for the components of RT And; for the surface 
brightness in the visual band Fv, we adopted Eaton & Poe’s 
(1984) values, from a redetermination of the empirical sur- 
face brightness-color relation for main-sequence spectral 
types; for the stellar relative radii, we used the values from 
the light curve solutions of the present work, employing the 
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Table 7. Predicted colors out of the eclipses and primary star contributions to the total light for the combination of two stars with spectral types indicated. 
Normal colors from Johnson (1966) and visual surface brightness from Eaton & Poe (1984).  

Solution a Solution b 

F8V + KOV B-V=0.606 V-J=1.086 V-K= 1.445 
Lv

1=0.74 Lj1=0.66 L/^O.ßS 
B-V=0.584 
Lv1=0.825 

V-J=1.046 V-K=1.391 
Lj1=0.762 Lk^O.74 

F8V + K2V B-V=0.599 V-J=1.097 V-K=1.448 
L^1=0.82 Lj1=0.72 Lk^O.67 

B-V=0.578 
Lv1=0.88 

V-J=1.051 
Lj1=0.81 

V-K= 1.417 
Lx1=0.77 

F8V + K5V B-V=0.582 V-J=1.112 V-K=1.517 
Lv^O.912 Lj1=0.79 L^^O.73 

B-V=0.566 
L^1=0.94 

V-J=1.058 
Lj^o.se 

V-K= 1.432 
L/^1=0.81 

GOV + KOV B-V=0.651 V-J=1.142 V-K=1.511 
Lv1=0.71 Lj1=0.64 LAr^O.ei 

B-V=0.631 
Lv1=0.80 

V-J=1.108 
Lj^O.75 

V-K=1.462 
Lk^O.72 

GOV + K2V B-V=0.648 V-J=1.161 V-K=1.563 
Lv1=0.80 Lj1=0.71 L/^^O.ee 

B-V=0.628 
Lv^1=0.87 

V-J=1.118 
Lj1=0.80 

V-K= 1.495 
Lk^O.76 

GOV + K5V B-V=:0.635 V-J=1.185 V-K=1.603 
Lv1=0.90 Ljx=0.78 Lii

1=0.71 
B-V=0.618 
^=0.94 

V-J=1.130 
Lj1=0.85 

V-K= 1.560 
Lk^OM 

values obtained from solutions a and b (Tables 4 and 5). The 
expected colors calculated using expression (3) for certain 
combinations of spectral types, with the partial contribution 
of the primary star in V, J, and K, are given in Table 7. 

The comparison between RT And’s observed colors and 
those expected from the combination of a F8—GO V primary 
and a K0—5 V secondary, indicates that the observed (B 
— V) color of RT And at maxima is bluer than expected. In 
fact the measured (B — V) corresponds to a combined spec- 
tral type F8 V. Some blue excess in the (B — V) color is 
normal in active stars and hence it is not a good indicator of 
the spectral types of the stars. The predicted (V—J) and 
(V—K) colors are too blue if the primary is a F8 V type, and 
the partial contributions of the primary star to the total light 
is too high if the secondary is later than K2 V. The spectral 
types of the components GO V and K2 V give the best agree- 
ment between the predicted and observed colors. If we con- 
sider the colors measured during the secondary eclipse, an 
occultation in the solution b (we will argue that this must be 
accepted as the correct one), while the measured (B — V) 
color is between those typical of F5 V and F8 V stars, the 
(V—J) and (V—K) colors would better correspond to a GO 
— 1 V spectral type for the primary star, based on Johnson’s 
(1966) tabulation of normal colors. This result is compatible 
with that of the previous estimation for solution b, based in a 
different method. Then, the colors out of eclipses and at the 
secondary minimum point to a primary star slightly redder 
than expected from the spectroscopic classification. How- 
ever, given the intrinsic dispersion in observed colors for 
stars of identical spectral type, and that the visual and infra- 
red photometry are not simultaneous, the small disagreement 

between the expected and measured colors cannot be consid- 
ered significant. 

3.33 The effective temperatures of RT And’s components and the distance to 
the system 

We use the separate (V—K) colors of the RT And’s com- 
ponents derived from relation (2), to estimate the reff of the 
stars. The (V—K) color is a good temperature indicator, and 
relatively unsensitive to other variables such as the compo- 
sition or surface gravities. We have used the calibration 
(V—K) — reff from Alonso et al (1995), based on the appli- 
cation of the infrared flux method and the new ATLAS 
model atmospheres (Kurucz 1991). For solar abundances, the 
calibration gives <9eff=5040./reff=0.555 + 0.195(V-K) 
+ 0.0131 (V—K)2. Then, for both cases a and b, we have 

Case a: (V-/0(1)= 1.28: T^ólOO K, 

(V-tf)(2) = 2.15: 7$ = 4960 K. 

Case b: (l/-i:)(1)=1.37: 7^ = 5950 K, 

(V-/0(2) = 2.23: 7^=4880 K. 

As in case b the secondary eclipse is a total one, we could 
use the value (V—K) = 1.39 directly, measured at the sec- 
ondary minimum (Table 6), as the intrinsic color of the pri- 
mary star to derive: 7^=5920 K. The estimated uncertain- 
ties in reff are ±100 K for the primary star and ±50 K for 
the secondary component. 

The reff values derived from the (V—K) colors are in 
good agreement with those reported by Popper (1980) and 
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Table 8. Predicted magnitudes out of eclipses and primary star contribution to the total light, for the combination of two ATLAS model atmospheres with Ttf 
indicated and the radii from our light curves solutions. The distance has been adjusted to give V=8.99, the observed visible magnitude of maxima. 

Tef. í1) (K) 

Solution a 

Tef. (2) (K) D (pc) B H K 

6000 + 4500 
4750 
5000 
5250 
5500 

97.5 
100.5 
103.7 
107.5 
112.0 

9.619 
9.629 
9.627 
9.621 
9.613 

8.994 
8.996 
8.991 
8.989 
8.993 

7.768 
7.782 
7.799 
7.828 
7.871 

7.386 
7.421 
7.460 
7.508 
7.569 

7.315 
7.353 
7.394 
7.446 
7.510 

6250 + 4500 
4750 
5000 
5250 
5500 

105.5 
108.4 
111.5 
115.0 
119.0 

9.547 
9.560 
9.565 
9.563 
9.556 

8.990 
8.994 
8.992 
8.989 
8.989 

7.873 
7.883 
7.897 
7.917 
7.947 

7.523 
7.552 
7.585 
7.623 
7.670 

7.451 
7.483 
7.518 
7.560 
7.610 

Tef. í1) (K) 

Solution b 

Tef. (2) (K) D (pc) H K 

6000 + 4500 
4750 
5000 
5250 
5500 

99.0 
101.0 
103.5 
106.0 
109.0 

9.595 
9.602 
9.609 
9.604 
9.597 

8.989 
8.990 
8.994 
8.991 
8.991 

7.827 
7.834 
7.851 
7.868 
7.894 

7.479 
7.500 
7.532 
7.562 
7.602 

7.413 
7.436 
7.470 
7.503 
7.544 

6250 + 4500 
4750 
5000 
5250 
5500 

108.0 
109.7 
112.0 
114.3 
117.0 

9.533 
9.537 
9.545 
9.543 
9.539 

8.994 
8.992 
8.995 
8.992 
8.990 

7.942 
7.942 
7.954 
7.965 
7.983 

7.628 
7.641 
7.665 
7.688 
7.719 

7.561 
7.576 
7.602 
7.628 
7.660 

Straizys & Kuriliene (1981) for stars with spectral types 
F8 V and Kl V (in case a) or GO V and K2 V (in case b) for 
the primary and secondary star, respectively. 

On the other hand, we used the model atmospheres fluxes 
to compare synthetic and observed B, V, J, H, and K mag- 
nitudes out of eclipses, and to determine the distance to RT 
And. Even though the V magnitude of RT And at maxima 
was not measured at the same time as our IR photometry, and 
it also may show some variability the value V=8.99 that we 
deduce from the differential photometry of Dapergolas et al. 
(1991) is close to the value V=9.01 reported by Dean 
(1974). We used this value to derive the distance to RT And 
by comparison with the prediction of model atmospheres for 
the V magnitude. In any case, to use the observed V or K 
magnitudes at maxima to determine the distance, gives a 
difference of only 2 pc, smaller than the uncertainty that may 
be associated to the method used to derive it. The expected 
flux at Earth at any wavelength is calculated by means of the 
following expression: 

A,- ^2 S A277/7v (4) 

where D is the distance to the system, Rj is the radii of the 
stellar yth component, and ttFk is the surface flux from 
ATLAS atmosphere models. Solar abundances and log(g) 
=4.0 were always assumed in the models, being the model 
fluxes only weakly dependent on the log(g) value. 

The expected magnitudes were calculated by convolving 
the flux distributions with the filters, the atmosphere and the 
detector’s spectral response, with the absolute calibration 
adopted from Alonso et al. (1994). The values of the physi- 
cal radii were derived from the relative radii of the IR light 
curves solutions, for both a and b cases and Popper’s (1994) 
orbital solution (see the next section). The results are listed 
in Table 8 for a few combinations which produce colours not 
too far from the observed ones. Less importance should be 
given to the B synthetic magnitudes, as the photometry of RT 
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And indicates a B excess, and also because there are indica- 
tions that the new ATLAS models underestimate the U,B 
fluxes. The comparison between the synthetic and observed 
magnitudes shows that the best agreement is given by radii 
in solution b, for primary star with an effective temperature 
reff—6000 K and a secondary star with Teff—5000 K, located 
at a distance of 103 pc. In that case the differences between 
the synthetic and observed magnitudes out of eclipses are 
within 0.03 mag in the four filters V, /, H, and K. We have 
not intended to interpolate the best combination in the grid of 
model atmospheres, which have been used in Teff steps of 
250 K. We estimate the uncertainty in the ^eff determination 
using the grid of models in ±125 K, but the real error could 
be larger if we considered the errors associated to the mod- 
el’s uncertainties. If we assume that the used radii values of 
the stars are reliable within 5%, similar precision in the 
fluxes predicted by the atmosphere models and absolute cali- 
bration of the photometry, an error in the observed magni- 
tude out of eclipse of about 0.02 mag, and less than 150 K in 
the reff undetermination we can estimate that the distance 
determination is accurate within 10%. Other determinations 
of the distance to RT And have placed the star between 85 
and 125 pc (Montle 1973; Dworak 1975). 

3.4 The Absolute Dimensions of RT And 

In the previous sections, we discussed the analysis of our 
infrared light curves of RT And, and showed that the solution 
arising from the IR light curves is in good agreement with 
other solutions previously derived by other authors from vi- 
sual light curves (see Table 3), adding confidence to the de- 
rived absolute parameters of RT And’s components. That 
point gains added importance due to the new radial velocity 
curves obtained recently by Wang & Lu (1993) and Popper 
(1994). The high dispersion spectroscopy, analyzed using 
modem procedures, provides new values for the spectro- 
scopic parameters. Although in the next section we argue that 
our solution b seems to be the correct one, we have calcu- 
lated the absolute masses and radii in both cases (a and b) in 
order to discuss the implications of the two solutions from 
the evolutionary point of view. Using Popper’s radial veloc- 
ity curve amplitudes, with the inclination angles and relative 
radii from our a and b solutions, we derived the absolute 
masses and radii of the stellar components of RT And: 

Case a: Mi = 1.276 

M2 = 0.933 

Case b: 1.242 

M2 = 0.906 

» 

/?! = !.206 Rq, 

R2
= 1.070 Rq . 

/?!=!.270 Rq, 

R2 = 0.916 Rq. 

Wang & Lu’s (1993) orbital solution, yields values for the 
masses and radii of the stars which seem too small for their 
spectral types. We adopted Popper’s (1994) solution, based 
on higher resolution observations than Wang & Lu’s (1993) 
work, as the most reliable values at present. The new values 
for RT And’s absolute masses and radii differ considerably 
from those currently accepted (Strassmeier et al. 1988). The 
mass ratio q=0.T3 also indicates that RT And is a detached 
binary system. In the last section we will discuss the impli- 

cations of these values in the masses and radii, comparing 
them with recently calculated evolutionary models for non- 
interacting stars. 

Adopting values reffO
=5780 K and BCq=+4.69 (Pop- 

per 1980) for the Sun, and applying the relation 
Mbol=42.31-5 log(R//?o)-10 logiT^), we derive for the 
components of RT And: 4.0 ±0.20 and 
M^i=5.6±0.20, for the primary and secondary component, 
respectively. Alternatively, using the visible magnitude out of 
eclipses V=8.99, the partial contribution of the primary star 
to the visible total light L^^O.SG, and the distance <7=103 
pc. to RT And, derived in the previous section, we derive the 
following values for the absolute magnitudes of RT And’s 
components: M(

v
1)=4.08±0.10 and Af(y )=6.0±0.25. 

4. WHICH OF THE TWO SOLUTIONS IS THE BEST 

As can be seen in Tables 4 and 5, both a and b solutions 
give rather different values for the relative radius of the sec- 
ondary component, as well as for the orbital inclination 
angle, and the relative luminosities Ll and L2 of the binary 
stellar components. Given the apparent undetermination in 
the light curve solutions, between the occultation or partial 
secondary eclipse cases, found in our analysis and in pub- 
lished results from visual light curves, we discuss this point 
further in order to clarify it and attempt to give a definitive 
solution. The previous analysis of the observed colours of RT 
And, after comparison with the colours of normal stars and 
model atmospheres predictions, is not conclusive and hence 
one of the two solutions cannot be discarded. However, three 
kinds of arguments can be used to distinguish between the 
two possibilities. 

4.1 The Infrared Light Curve Fits 

Even if our two solutions a and b give similar ^ fits, Figs. 
5 to 8 show that solution b gives a better fit to the secondary 
eclipse depth in the both J and K light curves. 

4.2 Eclipses Morphology 

It is interesting to compare the visible light curves of RT 
And published to date. It is clear that this star has an intrinsic 
variability not only at levels of maxima, but also in the depth 
and symmetry of the secondary eclipse, which is probably 
the origin of the two classes of solutions found for the sys- 
tem (see Table 3). The first light curves from Gordon (1948, 
1955) are well reproduced by an annular primary minimum 
and a total secondary minimum. Also, the secondary eclipse 
observed in 1962 by Dean (1974) in yellow light shows a flat 
bottom, suggesting an occultation. The same morphology of 
the secondary eclipse is shown by the 1990 and 1991 light 
curves of Dapergolas et al. (1991, 1992). Other published 
light curves usually show an asymmetric rounded secondary 
minimum, probably due to some photometric perturbation to 
the normal eclipse, producing a morphology that resembles a 
partial eclipse. We believe that the symmetric flat bottom 
secondary eclipse corresponds to the unperturbed state of the 
system, and so the occultation solution b gives the correct 
parameters for RT And’s stellar components. 
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4.3 Spectroscopic Arguments 

From a spectroscopic study of RT And, Popper (1994) 
estimates the contribution of the primary star to the total 
visible light to be 0.86, which can be compared with 
the expected value in the cases of solutions a or b. From 
relation (2), the expected partial contribution of the primary 
star to the V filter light is 

or 

LW^hQ^V-K^HV-K)^ (5) 

where L1/1 and A ' are the partial contributions of the pri- 
mary star to the total brightness in the filters J and K, re- 
spectively, (V-/)(1) and ( the colors of the primary 
component, and (V—J)(b) and (V—K)(b) the measured co- 
lours of RT And at maxima (Table 6). For the primary com- 
ponent we adopted the Johnson’s (1966) expected colors for 
the spectroscopic F8 V type of the star. The partial contribu- 
tions and are from our IR light curve solutions a 
and b (Tables 4 and 5). 

For solution a, we have L^=0.16, 0.77, while for solu- 
tion b =0.89, 0.93 (the two values for J and K data, 
respectively). If the primary star has a spectral type closer to 
GO V than to F8 V, according to past classifications indicat- 
ing its photometric colors, solution a: would turn out as 
L(y1)=0.71, 0.72, and solution b: as Z/y^=0.84, 0.87 (the two 
values for J and K data, respectively). 

It seems clear that the spectroscopic estimate of the pri- 
mary star contribution to the visual light is closer to what is 
expected from our solution b to the infrared light curves. 
Also, it is interesting that our estimate of Lÿ\ from the 
infrared light curves solutions, is quite close to the value 
found in previous analyses of visual light curves which ren- 
dered similar solutions (see Table 3). The fact that similar 
values have been obtained from light curves observed at dif- 
ferent wavelengths increases the confidence in the results. 

Other arguments favouring solution b are presented in the 
next sections based on the comparison between the derived 
absolute masses and radii of RT And’s components and evo- 
lutionary models predictions. 

5. THE EVOLUTIONARY STELLAR MODEL AND COMPARISON 
WITH OBSERVATIONAL DATA 

Evolutionary models were computed for the exact masses 
of RT And, considering the two possible solutions of the 
light curves for the orbital inclination and relative radii. This 
was done in order to avoid errors of interpolation on pre- 
computed tables (recall that the mass of the primary is near 
the critical mass for which the predominant source of nuclear 
energy changes from pp reactions to the CNO cycle). 

The computer code is basically the same as that described 
in our recent works (Claret & Giménez 1992; Claret 1995). 
The four differential equations are solved by means of the 
Henyey method for 400-700 mesh points and, as a boundary 

1389 

Fig. 9. (.Æ/.Æq)-(R/Rq) diagram with a theoretical isochrone for the age 
1.4X109 yr, and the ZAMS and TAMS lines. The primary and secondary 
components masses and radii are represented with the values from solution 
a and solution b. 

condition in the outer layers, a gray atmosphere model is 
used. Integration in rwas carried out from 2 up to 1X10-4. 
Core overshooting was considered for the components with 
masses around 1.2 ^Æq. The parameter for the mixing 
length theory is 1.52, and for the core overshooting we 
adopted aov=0.20, which seems to be representative of well 
binary stars with a good determination of absolute dimen- 
sions (see Claret & Giménez 1992, 1993a, 1993b). We 
adopted chemical composition values of: (X,Z) = (0.70, 
0.02). 

The recent set of opacities (OPAL) provided by Iglesias 
et al. (1992), with spin-orbit coupling, were also adopted. 
These tables cover a larger range in temperatures and mainly 
in R{p!T\). For stellar envelopes »where the temperatures are 
around and below 6000 K (which is the minimum tempera- 
ture in OPAL tables) we used Alexander’s (1992) results. Los 
Alamos (Huebner et al. 1977) tables were used in the range 
not covered by OPAL calculations. 

The nuclear network treats 14 isotopes: H, 2H, 3He, 4He, 
12C, 13C, 14N, 15N, 160, 170 (or 180), 20Ne, 24Mg, 28Si, 56Ni. 
The hydrogen network treats the three pp chains and the 
CNO cycle. The ß decays, the abundance of 2H and 
(7Li+7Be) are assumed to be in equilibrium. The screening 
factors were taken from Graboske et al. (1973), and the neu- 
trino loss rates are from Munakata et al. (1985). The nuclear 
rates were taken from Fowler et al. (1975), Harris et al. 
(1983), Caughlan étal (1985), and Caughlan & Fowler 
(1988). For the helium burning, and more details on the 
nuclear network, see Claret (1995). 

In Fig. 9 we represent in a -{RIRq) diagram 
the primary and secondary stars of RT And, with the absolute 
masses and radii derived following the two alternative solu- 
tions a and b, a theoretical isochrone for the age 1.4X109 yr 
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and the theoretical ZAMS and TAMS lines. In the compari- 
son between the derived absolute parameters of RT And’s 
components and the theoretical evolutionary model predic- 
tions, the most reliable diagram must be the 
{^ÆI^Æq) — {RIRq), as the effective temperature Aff is 
most uncertain parameter of these stars. From that compari- 
son we may conclude that solution b for radii and masses 
gives the best agreement with the theoretical models. In this 
case the primary component is located close to the isochrone 
of 1.4 X109 yr, while the secondary star appears to be over- 
sized for its mass. 

Masses and radii in solution b lead to locating the primary 
star very close to the ZAMS, while the disagreement with 
theoretical expectations is worse for the secondary star. 
Given the reliability of the evolutionary models and of the 
physical parameters applied in the comparison, we may con- 
clude that RT And is an abnormal binary system, in the sense 
that its stellar components do not seem to have evolved as 
isolated stars, even if at present it looks as a clearly detached 
system without evidence of significant interaction between 
the two stars. We have studied the effects of nonsolar com- 
position on the theoretical isochrones, but the disagreement 
between the derived size of the secondary star with the theo- 
retical expectation for its mass cannot be eluded by assuming 
an abnormal chemical composition in RT And. 

6. CONCLUSIONS 

We have obtained and reported here the first infrared light 
curves of RT And. We find some variability in the brightness 
of the system in this spectral range from one year to another. 
Part of the variations could be interpreted as due to the ex- 
istence of cool starspots, but some transitory narrow features 
observed in the light curves must be related with absorptions 
by extra-photospheric matter. 

Two different values for the relative radii of the stellar 
components and the orbital inclination are found in the light 
curve solutions, both in good agreement with other published 
solutions for visible light curves; a final optimal solution 
depends on the adopted set of initial parameters. However, 
we have shown that the intercomparison of previously pub- 
lished visual light curves, together with the information from 
spectroscopic studies and from our infrared photometry, in- 
dicates that the high inclination solution b (an occultation in 
the secondary eclipse) must be adopted as the correct one. 

The observed colors of RT And are identical to those ex- 
pected from the combination of two stars with spectral types 
GO V and about K2 V, similar to those determined in spec- 
troscopic studies. From the determination of the (V—K) 
color for each stellar component of RT And, from the depth 

of the eclipses and the color out of eclipse, together with a 
modem calibration of {V—K) vs Ttñ, we get for the effec- 
tive temperatures of the stars: 7^—5950±70 K and 

4880± 100 K for the primary and secondary star, re- 
spectively. Comparison between visual and infrared photo- 
metric magnitudes of the system out of eclipses and model 
atmosphere predictions, leads us to conclude that its fluxes 
are well reproduced by models with effective temperatures 
7t$=6000±150 K and rf^5000±100 K for the primary 
and secondary star, respectively, at a distance of about 103 
pc, and the absolute radii derived from solution b for our 
infrared light curves. Also we may discard any significant IR 
excess in the observed distribution. The derived effective 
temperatures of RT And components, 6000 K and 
ftff—4900 K, are in good agreement with the Teff spectral 
type calibration of Johnson (1966) for a F8 V (reff=6000 K) 
or GO V (Teff=5900 K) primary and a K2 V (reff=4960 K) 
secondary. More recent calibrations of Teff versus spectral 
type such as Straizys & Kuriliene’s (1981), give reff=6150 
K for a F8 V, reff=5950 K for a GO V, and reff=4850 K for 
a K2 V star. Then agreement between the derived ^eff and the 
spectroscopic classification is good for both stars, pointing to 
a spectral type of the primary closer to GO V than to F8 V, as 
also indicated by its colours, while the ^eff of the secondary 
component is typical of a K2 V star. 

Comparison of the derived absolute parameters for RT 
And components with the predictions made by evolutionary 
stellar models, also suggests that solution b is the right one. 
We find that whereas the primary star looks like as a normal 
star, close to the main sequence in the mass-radius diagram 
(Fig. 9), the secondary star seems to be oversized for its 
mass, and is located out of the main-sequence locus, with the 
particularly large disagreement for solution a values. If we 
accept the isochrone fitting to the primary star parameters 
from solution b, the age of the system can be estimated to be 
about 1.4 X109 yr. 

The impossibility to locate the primary and secondary star 
on an unique isochrone leads us to conclude that the evolu- 
tion of the stellar components of RT And has not been nor- 
mal; that is, their evolution has not been as isolated stars, and 
an episode of mass transfer between the stellar components 
during the main-sequence or pre-main-sequence evolution 
may be invoked, even if the system is now clearly detached. 

The 1.5 Carlos Sánchez telescope is operated on the is- 
land of Tenerife by the Instituto de Astrofísica de Canarias at 
its Observatorio del Teide. The authors are grateful to Pro- 
fessors M. Zeilik and E. Budding for making available the 
programmes to fit the light curves, and to Professor P. Heck- 
ert for providing BD+52°3384 standard magnitudes. We 
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