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Many filtered CCD measures form the basis of six new light curves of the eclipsing system SW Lyn. From these measures 

and additional observations for eclipse timing, 47 new times of minimum light over the time-interval of about 13 years 

have been calculated. The complex period variability can be sorted into a linear period improvement with 5.8-year and 

33.9-year periodic terms. The shorter cyclic term of these is ascribed to a cool companion of the eclipsing pair but the 

longer one has no testable interpretation at present. The new light curves are synthesized by the 2003 version of the 

Wilson-Devinney differential corrections computer code. The results incorporate a source of "third light" which comes 

from the cool companion star that had been identified by the cycling of the period of the eclipsing pair and also had 

previously been identified spectroscopically. There is a measure of satisfaction with current understanding of the SW 

Lyn eclipsing system because of consistent syntheses of all historical light curves. This agreeable convergence, however, 

comes partly at the expense of an unanticipated temperature of the hot star and of a photospheric spot that has no obvi-

ous basis in the detached character modeled for the binary. We offer predictions of changes in the stellar parameters if 

the modeled detached-configuration should be wrong. The SW Lyn stellar system is still difficult to understand.
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1. INTRODUCTION

   More than 60 years have passed since the light vari-

ability of SW Lyn (BD+42o1811, HD 67008, HIP 39771, and 

TYC 2976 85 1) was discovered by Hoffmeister (1949). 

The characterization by Huth (1958) placed it among the 

limited group of short-period close binaries which show 

continuously-varying light curves with component stars 

of appreciably different temperatures.

A set of ultraviolet, blue, and yellow light curves was 

presented and analyzed by Gleim (1967) with a now-out-

dated model. These data were subsequently synthesized 

by Wilson (1979) with his own gravitational model but 

with an inappropriate mass ratio. Assorted photoelectric 

data sets have been studied by Vetěsník (1968), Predolin 

et al. (1980), Kaluzny (1985), Liu et al. (1991), Kim et al. 

(1995), Ogloza et al. (1998) and, most recently, Kreiner et 

al. (2003). Convergence among these to a common pa-

rameter set has not been impressive in part because of 

the variety of models that were used and in part because 

of seeming intrinsic variability of the light curve. Still an-

other light curve, that by Kim (2001), has not yet been 
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analyzed. For all these light curves, the amplitudes of the 

primary and secondary eclipses fail to repeat as faithfully 

as might be hoped.

The radial velocity results by Vetěsník (1977) have been 

supplanted by the measures of Lu et al. (2001, LRO here-

after), which also show conclusive evidence for a third 

star spatially-unresolved from the SW Lyn eclipsing vari-

able. On the basis of the spectroscopy alone, the gravita-

tional binding of this companion to the close pair is not 

so evident as could be wished but a companion star had 

already been convincingly inferred on the basis of several 

period studies by Kim & Han (1993), Kreiner et al. (1997), 

Ogloza et al. (1998), Kim (1999) and Li & Qian (2005). 

Kim (2001) has also obtained 16 medium-dispersion Hα 

scans sampling, in part, the rising branch of the primary 

eclipse. These show modest line profile and depth vari-

ability (as well as orbital motion of the hot star) but the 

spectra have not yet been analyzed further.

Some confusion exists about even so basic a datum 

as the spectral type of the hot eclipsing star. Gleim's and 

Vetěsník's spectral type of F2 repeats the HD classifica-

tion but cannot be verified by the unstandardized color 

index of either author. SIMBAD gives spectral classifi-

cations of F1 V and F2 V (see also Hill et al. (1975)). Also 

from SIMBAD, (B - V) is purported to be +0.23, but this 

number is actually (B
T
 - V

T
), which can be calibrated into 

(B - V) = +0.20. When it is remembered that this is likely a 

composite color index, the hot star's spectral class must 

be not later than A7 and the short period assures that it 

will be not too far evolved from the main sequence. These 

seemingly small discrepancies (which will re-appear in 

this text) are not understood at present but they are likely 

not caused by any confusion from interstellar reddening 

since the galactic latitude is +31.2o. Only an upper limit 

could be found for the RASS count rate for this object (cf. 

Shaw et al. 1996).

Beginning 20 years ago, Shaw (1990, 1994) has progres-

sively defined two groups of near-contact close binaries 

with SW Lyn a member of the group characterized by a 

semi-detached condition but showing near-contact for 

the hot component star. That group's light curves show 

light levels at phase 0.25 never to be brighter than light 

levels at phase 0.75. Even though the group seems well-

defined, its membership remains only 6 certain mem-

bers in the latest tabulation.

Finally, an interpretation of all this history and many 

of the results yet to be presented in this paper have been 

given by Kim et al. (2002).

2. NEW OBSERVATIONS

   The capability of obtaining red CCD observations of 

SW Lyn to supplement the historical UBV coverage, as 

well as the hope of defining a more credible parameter 

set, impelled some of us to undertake new observations. 

These were made on 11 and 6 nights during the 1995-

1996 and the spring, 2001 observing seasons, respective-

ly, at the Sobaeksan Optical Astronomical Observatory 

(SOAO) in Korea with a 61-cm reflector. A PM512 CCD 

imaging system of Photometric Instruments cooled with 

liquid nitrogen and a standard BVR filter set were used. 

No check star was used to validate the comparison star 

(BD+42o1816) and this is obviously a mistake. Our com-

parison star was also subsequently used by Kreiner et al. 

(1997) but, when chosen by us, had essentially no history 

known to us. The SIMBAD database shows for it a spec-

tral classification of K0 and (B-V) = +1.07. For the high 

galactic latitude of the star, little interstellar reddening 

should be expected and the spectral type and color in-

dex are satisfied by supposing the star to be a K0-1 III ob-

ject. Such stars are possibly low-amplitude, semi-regular 

light variables and this unfortunate expectation could 

possibly be expressing some fraction of the seasonal dif-

ferences between our light curves. Our reduction meth-

od was that described by Park (1993) and employed an 

aperture-photometry algorithm. After reduction, the 

frames were erased so they cannot be reduced again with 

another comparison star-a second mistake. Because of 

these concerns, we re-examined all the nightly extinction 

determinations to see if there is evidence of comparison 

star variability. Fortunately, it is possible to affirm that 

there appears no short-term variability over any of the 

17 nights and that the outside-atmosphere magnitudes 

of the comparison star are accordant from night to night. 

This is apparently the case also for the data for Kreiner et 

al. (1997) so we believe we avoided the consequences of 

our lapses. 

A total of 2,971 individual observations was obtained 

in the three colors (983 in blue, 1,000 in yellow and 988 

in red) and a sample of them is listed in Table 1 which is 

available in its entirety in machine-readable at the web 

page1. The light curves of the two seasons are not iden-

tical and it is necessary to adjust the later data to those 

of the earlier season by zero-point corrections of -0.m026, 

-0.m002, and -0.m026 for the blue, yellow, and red band-

passes, respectively. It is possible that these zero-point 

changes reveal comparison star variability that we were 

1http://binary.cbnu.ac.kr/bbs/zboard.php?id=lab_photometry
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unable to document from the extinction determinations 

but the totality of information indicates this not to be the 

case. The zero point corrections were actually obtained 

by Fourier fittings to the intervals between the eclipses 

through assorted harmonic orders. The higher-order 

terms of these expansions, that are smaller than the zero-

point corrections, are evidence of low-level intrinsic light 

variability of SW Lyn that is phase-dependent. Although 

this intrinsic variability is smaller than for cool contact 

binaries, one can see it clearly in Fig. 1. For our compari-

son star, the standard errors of a single 1995-1996 mea-

sure are ±0.m012 in blue, ±0.m009 in yellow, and ±0.m008 

in red. The errors for 2001 are very similar to these values 

(±0.m010 in blue, ±0.m008 in yellow, and ±0.m006 in red).

In addition to the complete light curves, additional 

observations for eclipse timing were made at two other 

locations-the Mt. Lemon (ML) observing site of the Ko-

rea Astronomy & Space Science Institute and the campus 

station of the Chungbuk National University Observatory 

(CbNUO). The ML facility has a 1-m reflector equipped 

with a 1 K Apogee CCD camera electronically cooled and 

a standard BVR filter set. The CbNUO station functions 

with a 35-cm reflector equipped with a SBIG ST-8 CCD 

camera electronically cooled. The CbNUO observations 

were made with either a V filter or without any filter. All 

frames taken at the two sites were reduced with the IRAF/

DAOPHOT s/w package2. Details of the ML and the Cb-

NUO observations are well described in Lee et al. (2009) 

and Kim et al. (2006), respectively. BD+42o1814 served as 

the comparison star for both the ML and the CbNUO ob-

servations and neither set showed indications of variabil-

ity. Fig. 2 shows the BVR eclipse light curves (left panel) 

taken at ML on December 12, 2002, and the V one (right 

panel) taken at CbNUO on November 25, 2005. The pre-

cision of one ML magnitude difference is about ±0.m002 

and at CbNUO the error is about ±0.m015.

2IRAF is distributed by the National Optical Astronomy Observatory, 
which is operated by the Association of Universities for Research in As-
tronomy, Inc., under cooperative agreement with the NSF.

Table 1. CCD photometric observations of SW Lyn.

HJD ΔB HJD ΔV HJD ΔR

2,450,034.2192
2,450,034.2209
2,450,034.2227
2,450,034.2245
2,450,034.2264
2,450,034.2282
2,450,034.2300
2,450,034.2317
2,450,034.2335
2,450,034.2354

-0.686
-0.690
-0.686
-0.675
-0.710
-0.696
-0.704
-0.699
-0.687
-0.707

2,450,034.2122
2,450,034.2140
2,450,034.2158
2,450,034.2175
2,450,034.2195
2,450,034.2212
2,450,034.2230
2,450,034.2248
2,450,034.2267
2,450,034.2285

-0.008
-0.019
-0.012
-0.022
-0.003
-0.006
-0.017
-0.012
-0.012
-0.014

2,450,034.2125
2,450,034.2142
2,450,034.2160
2,450,034.2178
2,450,034.2197
2,450,034.2215
2,450,034.2232
2,450,034.2250
2,450,034.2269
2,450,034.2287

0.333
0.338
0.326
0.325
0.327
0.328
0.314
0.326
0.325
0.311

Note. This table is available in its entirety in machine-readable at the web page (http://bi-
nary.cbnu.ac.kr/bbs/zboard.php?id=lab_photometry). A portion is shown here for guidance 
regarding its form and content.

Fig. 1. Top to bottom, the blue, yellow and red observations of SW Lyn 
assembled onto one cycle. The black and colored symbols represent data 
secured during the two observing seasons of November 1995 through 
March 1996 and February through April 2001, respectively. The later data 
were corrected to those of the earlier season by zero-point corrections 
given in the text.
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3. VARIABILITY OF THE ECLIPSING PERIOD

From our observations, 47 additional timings of mini-

mum light were determined by the Kwee & van Woerden 

(1956, hereafter KW) method. These were spread over the 

time-interval of about 13 years. A total of 190 times of 

minimum light (48 patrol plates, 14 visual, 1 photograph-

ic, and 127 photoelectric & CCD timings), including ours, 

have been collected into a modern database (Kreiner et 

al. 2001).

Because of the great noise in the earliest timings, we 

decided to use only the photoelectric and CCD ones in 

order to study period stability. Among them, six tim-

ings (HJDs 2451177.3359, 2452642.9195, 2453375.5356, 

2454150.3488, 2454199.2905, 2454491.3841) were not 

used in our subsequent analysis because their (O-C) 

residuals are unreasonably large compared with those 

of neighboring ones. The chosen 121 timings appear in 

Table 2 where the second column contains the internal 

errors of individual timings except for ten of them. The 

errors of another ten timings with a double-dagger mark 

in the same column were determined by us with the KW 

method from the published individual measurements be-

cause their errors were not published. Inversely squared 

values of these errors were assigned to the weights of 

individual timings. Mean internal errors for the primary 

and secondary eclipse timings were separately calculated 

to be as ±0.d0004 and ±0.d0008, respectively, of which the 

inverse-squared values were used as the weights of the 

rest of the ten timings without their errors.

Our starting point was the non-linear light-travel-time 

(LTT) ephemeris of Ogloza et al. (1998). It was instantly 

clear that this representation would not do justice to the 

timings after about 2000. Our improvement used the 

Levenberg-Marquardt algorithm from Press et al. (1992). 

Without undue difficulty, the ephemeris was improved so 

as to lengthen both the eclipsing and the 5.8-year peri-

ods and to change appreciably two other parameters as-

sociated with the period history developed by the earlier 

workers. The direct interpretation of the 8.0 cycles of the 

5.8-year period is that of a LTT effect due to a bound third 

star or star system. Even so, the residuals from our im-

provement were not satisfactorily at random and showed 

an apparently cyclic pattern requiring the addition of an-

other non-linear term (e.g., another LTT ephemeris). This 

one leads to an approximately 34-year cycle of which 

something more than one cycle can be documented 

presently. All ephemeris terms (a linear and two LTT eph-

emerides) were then subjected to simultaneous improve-

ment. The fit converged quickly without any difficulties 

and the final values appear in Table 3.

As an exercise, the long period may also be ascribed to 

another (fourth) bound companion and this representa-

tion appears in the table although there is no indepen-

dent confirmation of its reality. The upper panel of Fig. 

3 shows the residuals ((O-C)
1
 in Table 2) from the linear 

ephemeris and also the sum of the individual periodic 

terms. The lower panel displays the residuals ((O-C)
2
 in 

Table 2) from the full ephemeris and we note that the 

5.8-year period is stably defined during its 8 cycles, only 

when it is superposed on a longer 33.9-year cyclic varia-

tion. Improvement and verification of the 33.9-year cycle 

will necessarily be slower. The credibility of each of the 

periodic terms may be judged from Figs. 4 and 5, which 

show all residuals phased with the 5.8-year and 33.9-year 

periods, respectively. At this time, there appears to be no 

compelling reason for a significant parabolic term in the 

ephemeris so the present result repudiates the interpre-

tation given by Kim (1999).

Finally, the residuals displayed in the lowest panel 

Fig. 2. Primary eclipse curves of SW Lyn observed at Mt. Lemon (left) on December 12, 2002, and at CbNUO (right) on November 25, 2005.
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Table 2. Old and newly-observed photoelectric and CCD times of minimum light for SW Lyn.

JDHel
(2400000+)

Internal
error Epoch (O - C )1 (O - C )2 Me.1) Type Reference3)

38410.6588 ±0.00062) -8640.0 0.0054 0.0027 PE I Gleim (1967) 
38430.6236 ±0.00062) -8609.0 0.0041 0.0014 PE I Gleim (1967) 
38711.7566 ±0.00102) -8172.5 0.0021 0.0023 PE II Gleim (1967) 
38739.7700 ±0.00092) -8129.0 -0.0014 -0.0003 PE I Gleim (1967) 
38767.7896 ±0.00202) -8085.5 0.0014 0.0034 PE II Gleim (1967) 
38795.8019 ±0.00022) -8042.0 -0.0032 -0.0000 PE I Gleim (1967) 
38821.5636 ±0.00022) -8002.0 -0.0042 0.0001 PE I Gleim (1967) 
39598.3078 ±0.00082) -6796.0 -0.0040 -0.0001 PE I Vetěsník (1968)
39615.3801 ±0.00122) -6769.5 0.0005 0.0042 PE II Vetěsník (1968)
40613.6910 ±0.0016 -5219.5 0.0086 0.0019 PE II Landolt (1973) 
40614.0107 ±0.0002 -5219.0 0.0062 -0.0004 PE I Landolt (1973) 
40615.9433 ±0.0002 -5216.0 0.0066 0.0000 PE I Landolt (1973) 
42091.4975 - -2925.0 0.0048 -0.0007 PE I Patkós (1975) 
42522.3826 ±0.00032) -2256.0 0.0095 -0.0003 PE I Vetěsník (1977)
42786.4493 - -1846.0 0.0090 -0.0009 PE I Patkós (1976) 
43966.372 - -14.0 0.0021 -0.0015 PE I Patkós (1980) 
43975.3907 - .0 0.0039 0.0002 PE I Patkós (1980) 
46068.2811 ±0.0007 3249.5 0.0006 0.0002 PE II Kim & Han (1993) 
46121.4187 - 3332.0 0.0027 0.0018 PE I Diethelm (1985) 
46478.2330 ±0.0003 3886.0 0.0042 0.0001 PE I Kim & Han (1993) 
47528.3690 - 5516.5 -0.0100 -0.0017 PE II Liu et al. (1991) 
47529.3347 - 5518.0 -0.0104 -0.0021 PE I Liu et al. (1991) 
47963.4409 - 6192.0 -0.0049 0.0011 PE II Hübscher et al. (1990) 
49016.4978 ±0.0007 7827.0 0.0035 0.0012 PE I Kreiner et al. (1997) 
49302.4570 ±0.0008 8271.0 -0.0028 -0.0012 PE I Kreiner et al. (1997) 
49311.4736 ±0.0004 8285.0 -0.0031 -0.0012 PE I Kreiner et al. (1997) 
49374.5883 ±0.0005 8383.0 -0.0069 -0.0025 PE I Kreiner et al. (1997) 
49680.5153 ±0.0010 8858.0 -0.0114 -0.0009 PE I Kreiner et al. (1997) 
49736.5498 ±0.0002 8945.0 -0.0107 -0.0003 PE I Kreiner et al. (1997) 
49762.3115 ±0.0007 8985.0 -0.0117 -0.0013 PE I Kreiner et al. (1997) 
50049.5686 ±0.0006 9431.0 -0.0082 -0.0003 PE I Ogloza et al. (1998) 
50058.2653 ±0.0009 9444.5 -0.0064 0.0014 CCD II This paper (SOAO) 
50080.4859 ±0.0008 9479.0 -0.0061 0.0014 PE I Ogloza et al. (1998) 
50113.0120 ±0.0007 9529.5 -0.0053 0.0018 CCD II This paper (SOAO) 
50116.2314 ±0.0005 9534.5 -0.0062 0.0008 CCD II This paper (SOAO) 
50148.1125 ±0.0002 9584.0 -0.0064 0.0003 CCD I This paper (SOAO) 
50160.3504 ±0.0004 9603.0 -0.0058 0.0008 PE I Ogloza et al. (1998) 
50196.4173 ±0.0008 9659.0 -0.0066 -0.0005 PE I Ogloza et al. (1998) 
50411.5410 ±0.0015 9993.0 -0.0011 0.0023 PE I Ogloza et al. (1998) 
50457.5892 ±0.0005 10064.5 -0.0036 -0.0008 PE II Ogloza et al. (1998) 
50465.6405 ±0.0002 10077.0 -0.0031 -0.0004 PE I Ogloza et al. (1998) 
50753.5418 ±0.0004 10524.0 0.0005 -0.0001 PE I Ogloza et al. (1998) 
50841.4566 ±0.0010 10660.5 0.0002 -0.0012 PE II Ogloza et al. (1998) 
50865.6120 ±0.0004 10698.0 0.0031 0.0015 PE I Ogloza et al. (2000) 
50866.2562 ±0.0003 10699.0 0.0033 0.0016 PE I Ogloza et al. (2000) 
50884.2888 ±0.0005 10727.0 0.0020 0.0002 PE I Ogloza et al. (2000) 
51197.3050 ±0.0004 11213.0 0.0020 -0.0011 PE I Agerer & Hübscher (1999) 
51487.7730 - 11664.0 -0.0040 -0.0012 CCD I in  O-C gateway*

51557.3317 ±0.0005 11772.0 -0.0044 0.0011 PE I Agerer et al. (2001)
51586.3124 ±0.0001 11817.0 -0.0067 -0.0003 CCD I Agerer & Hübscher (2002) 
51961.1560 ±0.0002 12399.0 -0.0098 -0.0025 CCD I This paper (SOAO) 
51962.1235 ±0.0006 12400.5 -0.0084 -0.0011 CCD II This paper (SOAO) 
52280.6190 ±0.0008 12895.0 -0.0037 -0.0003 CCD I Agerer & Hübscher (2003) 
52311.2141 ±0.0008 12942.5 -0.0017 0.0013 CCD II This paper (SOAO)
52313.1456 ±0.0009 12945.5 -0.0024 0.0005 CCD II This paper (SOAO) 
52364.3487 ±0.0008 13025.0 -0.0026 -0.0004 CCD I Agerer & Hübscher (2003)
52607.8091 ±0.0001 13403.0 0.0007 -0.0005 CCD I Nelson (2003) 
52621.0144 ±0.0001 13423.5 0.0027 0.0013 CCD II This paper (ML) 
52621.9796 ±0.0000 13425.0 0.0018 0.0004 CCD I This paper (ML) 
52643.2338 ±0.0008 13458.0 0.0018 0.0001 CCD I Maciejewski & Karska (2004) 
52659.9805 ±0.0001 13484.0 0.0027 0.0009 CCD I Nagai (2004) 
52675.1157 ±0.0008 13507.5 0.0024 0.0003 CCD II This paper (CbNUO)
52676.0811 ±0.0002 13509.0 0.0017 -0.0004 CCD I This paper (CbNUO) 
52691.5396 ±0.0001 13533.0 0.0026 0.0003 PE I Hübscher (2005) 
52695.4032 ±0.0014 13539.0 0.0018 -0.0006 CCD I Maciejewski & Karska (2004) 
52712.1489 ±0.0005 13565.0 0.0018 -0.0008 CCD I Maciejewski & Karska (2004) 
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Table 2. (Continued)

JDHel
(2400000+)

Internal
error Epoch (O - C )1 (O - C )2 Me.1) Type Reference3)

52908.5929 ±0.0012 13870.0 0.0055 0.0006 CCD I Zejda (2004) 
52947.87998 ±0.00005 13931.0 0.00456 -0.00078 CCD I Nelson (2004) 
53380.0502 ±0.0002 14602.0 0.0062 -0.0007 CCD I This paper (CbNUO) 
53418.69455 ±0.00005 14662.0 0.00661 0.00008 CCD I Nelson (2006) 
53443.1695 ±0.0002 14700.0 0.0070 0.0008 CCD I This paper (CbNUO) 
53485.9981 ±0.0009 14766.5 0.0052 -0.0002 CCD II This paper (CbNUO) 
53494.0501 ±0.0002 14779.0 0.0064 0.0012 CCD I This paper (CbNUO) 
53514.0155 ±0.0003 14810.0 0.0057 0.0010 CCD I This paper (CbNUO) 
53660.21186 ±0.00008 15037.0 -0.00097 -0.00021 CCD I This paper (CbNUO) 
53687.2611 ±0.0002 15079.0 -0.0025 -0.0008 CCD I This paper (CbNUO) 
53689.1938 ±0.0002 15082.0 -0.0021 -0.0003 CCD I This paper (CbNUO) 
53693.0581 ±0.0008 15088.0 -0.0021 -0.0003 CCD I This paper (CbNUO) 
53700.14258 ±0.00009 15099.0 -0.00236 -0.00032 CCD I This paper (CbNUO) 
53732.34563 ±0.00009 15149.0 -0.00263 0.00018 CCD I This paper (CbNUO) 
53739.4319 ±0.0002 15160.0 -0.0011 0.0019 PE I Şenavci et al. (2007) 
53743.29452 ±0.00008 15166.0 -0.00287 0.00015 CCD I This paper (CbNUO) 
53754.2442 ±0.0002 15183.0 -0.0023 0.0009 CCD I This paper (CbNUO) 
53763.2601 ±0.0002 15197.0 -0.0033 -0.0000 CCD I This paper (CbNUO) 
53823.1576 ±0.0001 15290.0 -0.0040 -0.0001 CCD I This paper (CbNUO) 
53844.4136 - 15323.0 -0.0022 0.0018 CCD I Brát et al. (2007) 
53846.3439 ±0.0022 15326.0 -0.0041 -0.0001 CCD I Brát et al. (2007) 
53864.3788 ±0.0002 15354.0 -0.0031 0.0010 PE I Hübscher (2007) 
54029.2598 ±0.0001 15610.0 -0.0031 0.0003 CCD I This paper (CbNUO) 
54049.22601 ±0.00008 15641.0 -0.00290 0.00026 CCD I This paper (CbNUO) 
54067.9038 ±0.0001 15670.0 -0.0030 -0.0000 CCD I Nelson (2007) 
54069.1919 ±0.0001 15672.0 -0.0031 -0.0001 CCD I This paper (CbNUO) 
54123.2941 ±0.0008 15756.0 -0.0024 0.0000 CCD I This paper (CbNUO) 
54158.0745 ±0.0002 15810.0 -0.0016 0.0005 CCD I This paper (CbNUO) 
54160.0058 ±0.0003 15813.0 -0.0025 -0.0005 CCD I This paper (CbNUO) 
54169.6670 ±0.0002 15828.0 -0.0023 -0.0004 CCD I Krajci (2007) 
54173.5324 ±0.0005 15834.0 -0.0013 0.0006 PE I Hübscher (2007) 
54178.0405 ±0.0003 15841.0 -0.0017 0.0002 CCD I This paper (CbNUO) 
54185.1249 ±0.0002 15852.0 -0.0020 -0.0002 CCD I This paper (CbNUO) 
54186.4133 ±0.0002 15854.0 -0.0018 0.0000 CCD I Brát et al. (2007) 
54187.0574 ±0.0002 15855.0 -0.0017 0.0001 CCD I This paper (CbNUO) 
54378.9910 ±0.0001 16153.0 0.0001 -0.0005 CCD I Nelson (2008) 
54400.2445 ±0.0002 16186.0 -0.0006 -0.0015 CCD I This paper (CbNUO) 
54429.2283 ±0.0002 16231.0 0.0002 -0.0010 CCD I This paper (CbNUO) 
54440.8222 ±0.0002 16249.0 0.0009 -0.0005 CCD I Nelson (2008) 
54456.6023 ±0.0004 16273.5 0.0014 -0.0003 CCD II Brát et al. (2008) 
54480.11056 ±0.00008 16310.0 0.00125 -0.00069 CCD I This paper (CbNUO) 
54482.0432 ±0.0001 16313.0 0.0017 -0.0003 CCD I This paper (CbNUO) 
54508.4506 ±0.0001 16354.0 0.0024 0.0001 CCD I Brát et al. (2008) 
54511.02679 ±0.00009 16358.0 0.00229 -0.00006 CCD I This paper (CbNUO) 
54521.3320 ±0.0006 16374.0 0.0024 0.0000 CCD I Hübscher et al. (2009) 
54567.06129 ±0.00008 16445.0 0.00302 -0.00007 CCD I This paper (CbNUO) 
54597.3331 ±0.0002 16492.0 0.0037 0.0002 CCD I Brát et al. (2008) 
54782.1836 ±0.0002 16779.0 0.0072 0.0013 CCD I This paper (CbNUO) 
54789.2679 ±0.0001 16790.0 0.0067 0.0008 CCD I This paper (CbNUO) 
54792.1663 ±0.0008 16794.5 0.0068 0.0009 CCD II This paper (CbNUO) 
54833.0655 ±0.0002 16858.0 0.0079 0.0014 CCD I This paper (CbNUO) 
54840.1502 ±0.0004 16869.0 0.0078 0.0012 CCD I This paper (CbNUO) 
54902.6246 ±0.0001 16966.0 0.0078 0.0005 CCD I Dvorak (2010) 
54928.3883 ±0.0003 17006.0 0.0088 0.0012 CCD I Brát et al. (2009) 
54929.3544 ±0.0008 17007.5 0.0088 0.0012 CCD II Brát et al. (2009)
1)CCD: electronic camera, PE: multiplier photocell.
2)The timing and its error were determined by the authors with the KW method from the published individual 
    measurements.
3)SOAO: Sobaeksan Optical Astronomical Observatory, ML: Mt. Lemon Observatory, CbNUO: Chungbuk National University 
  Observatory.
*The timing was listed at the web (http://var.astro.cz/ocgate/ocgate.php?star=SW\%20Lyn).
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of Fig. 3 are of the same peak-to-peak amplitude as for 

numerous contact, over-contact and semi-detached sys-

tems which we have studied previously and may there-

fore be considered to be only noise. Nonetheless, they 

were delivered to the Scargle's (1982) periodogram code 

which showed some power (at a level of about 10% of 

the 33.9-year cycle) for a period of about 6.5 days. Fur-

ther minimum timings are necessary to test whether this 

short periodicity is real and also to verify that no para-

bolic term exists.

It may be noted that Table 2 does not contain the time 

(2,451,400.1795) of primary eclipse given by LRO. Their 

value represents a calculated extrapolation and is some-

what noisy with respect to the photometric timings.

4. THE THIRD STAR AND ITS ORBIT

The accumulation of 8.0 cycles of the 5.8-year period 

leave no doubt that this period is an enduring feature of 

this system. In addition, the stable amplitude conveys 

the idea that it must be caused by a substantial mass 

Table 3. Elements of all ephemeris terms for the SW Lyn system.

Elements Ogloza et al. (1998) This paper

3rd body only 3rd+4th bodies

       3rd 4th

To (JD Hel)
P (day)

2443975.3866 (8)
0.64406591

2443975.3851 (1)
0.64406661 (1)

2443975.3869 (1)
0.64406637 (2)

a sin i (AU)
e
ω (deg)
T (JD Hel)
P' (year)
K (day)
Mmin (MΘ)

-
0.69 (6)
197.4 (3.5)
2438746.3 (18.5)
5.826 (11)
0.0070
-

1.295 (9)
0.640 (7)
181.8 (7)
2438818 (12)
5.775 (5)
0.0058
0.94

1.333 (9)
0.581 (6)
188.0 (7)
2438818 (12)
5.791 (4)
0.0063 (1)
0.91 (2)

0.742 (18)
0.00 (3)
-
-
33.9 (5)
0.0043 (3)
0.14 (1)

Fig. 4. The residuals from the improved linear ephemeris phased with 
the 5.8-year period.

Fig. 5. The residuals from the improved linear ephemeris phased with 
the 33.9-year cycle.

Fig. 3. In the upper panel, residuals from only photoelectric and CCD 
timings of minimum light for SW Lyn against the linear ephemeris in Table 
3. The continuous curves in the same panel show the cyclical components 
into which the observed pattern was deconvolved. The bottom panel 
displays the residuals of the timings after both variable components of 
the ephemeris have been removed.
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rather than by, say, an ephemeral gas cloud or stream. 

The obvious interpretation, that of a LTT effect caused by 

a third star bound to the eclipsing pair, demands further 

evidence for this possibility.

In the Hipparcos catalogue (European Space Agency 

1997), there is only one source listed at the position of 

SW Lyn and the familiar 0.64-day light curve was com-

piled from the many spacecraft transits past that source. 

Whatever be the third star, it is unresolved at the imaging 

resolution of Hipparcos.

Reduction of the spectra taken by LRO revealed a third 

star's signature by a sharp spectral broadening function 

contributing a minor fraction of the system's absorption 

features. These authors forbore to attribute the 5.8-year 

oscillations (of which they were well aware) to this source 

because of several limitations of their material. (a) The 

broadening function for the cool eclipsing star is never 

strong and this shows up in very noisy velocity measures 

for that star, propagating into weak orbital velocity pa-

rameters. (b) If there is really a bound, widely-separated 

companion to the eclipsing pair, the barycenter of the 

latter must show seasonally variable velocity as the third 

star and the eclipsing pair pursue their absolute orbits. 

Since the spectroscopic phase coverage was not uniform 

over their two observing seasons, the radial velocity ob-

servers were unable to determine a value of V
0
 for the first 

season in order to compare it to the value for the second. 

Thus, the expectation of a necessarily variable V
0
 could 

not be verified. (c) The broadening functions for the hot 

eclipsing star and the third star are variously smeared 

together as a function of eclipsing phase and their de-

convolution over the first half of the eclipsing cycle is 

more difficult than over the rest of the cycle. (d) The same 

authors note that they would have preferred not to use 

Gaussians for fitting the broadening profiles but did not 

have the information to do otherwise. (e) A final reason 

for the caution of these authors is that they seemed to 

see the radial velocity of the third star to be variable and 

this they attributed to still another star bound to the third 

one. Our initial opinions about all these circumstances 

were that (a) the evidence for the velocity variability 

of star 3 is not strong because of the variably blended 

broadening functions and (b) the seasonal difference of 

about 10 km/s for the third star’s broadening function is 

confused by the noise in the measures. We will consider 

the LRO fourth star further in this discussion only briefly 

but will firmly continue to invoke their third star as the 

agent of the 5.8-year cycle.

In what follows we adopt the interpretation that the 

spectroscopic third star is the cause of the 5.8-year pe-

riod. The alternative - the third star is a background one 

and the cause of the period variation is so faint as not 

to be seen, in essence a white dwarf or M-type dwarf-is 

hardly an economy of hypotheses.

5. THE 34-YEAR CYCLE

Because photoelectric and CCD history is not much 

longer than 34 years, it is possible that this interval of 

time refers only to a small-scale and bounded mass-

transfer episode and is not representative of any cycling 

effect at all. Since we eventually conclude that SW Lyn is 

not semi-detached, we will ignore this possibility in what 

follows but it could actually be the correct understanding 

of this time interval if our interpretation is wrong.

In principle, there is nothing to prevent ascribing this 

cycle to the presence of a fourth star, i.e., a second com-

panion to the close eclipsing pair. For purposes of illus-

tration, this has been shown in Table 3. It may be noticed 

that the light time value of K is smaller for supposed star 

4 than for star 3. This is not a fatal objection for the orbits 

could be in very different planes with the orbit of star 3 

being the more deeply inclined to the observer's line of 

sight. Although the periods of these possible orbits are 

closely in the ratio 6:1, the orbital eccentricity of 0.58 for 

star 3 is not extremely large so the third and fourth ob-

jects would be unlikely to approach nearer to each other 

than about 5 AU even if their orbits were co-planar. The 

ratios of the orbital periods and the approximate masses 

in Table 3 indicate that the quadruple system would be 

dynamically stable by the stability criterion of multiple 

stars (Harrington 1977, Eggleton & Kiselev 1995, Toko-

vinin 2004). As noted above, the variability of the third 

star's velocity is attributed by LRO to a fourth star closely 

bound to the third one. Their interpretation is, therefore, 

also that of a quadruple system but not the one conjec-

tured just now by us. We wish to pursue an entirely dif-

ferent interpretation because there is no independent 

confirmation of either possible star 4 at this time.

In principle, there exists a more than marginal pos-

sibility that the magnetic modulation, described by Ap-

plegate (1992) and later modified by Lanza et al. (1998), 

could operate in a star which has a convective envelope 

and thus may be magnetically active. As a test, the Apple-

gate model parameters for both hot and cool eclipsing 

components were calculated for both the 5.8-year and 

33.9-year periods. The results (not shown here) demon-

strate that this mechanism cannot explain the 5.8-year 

modulation at all because it requires unreasonably large 
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rms luminosity variations exceeding the luminosities of 

each star. In principle, however, the longer period could 

be caused by the mechanism if it is occurring in either 

star. These results appear in Table 4, where Δm
rms

 denotes 

a bolometric magnitude difference relative to the mean 

light level of SW Lyn converted to magnitude scale with 

Eq. (4) of the paper of Kim et al. (1997). The calculated 

light variation due to the hot primary star is about a fac-

tor of 20 lower than the value proposed by Applegate for 

an observable period change. The cool star’s light modu-

lation is, however, quite close to his predicted value and 

suggests that Applegate's mechanism could function in 

the cool secondary star and could explain the observed 

33.9-year period modulation of SW Lyn. Of course, the 

predicted bolometric light variation of the cool star is 

quite small and, for any filtered light curve, would be 

smaller than ±0.m013. It would be smaller still because 

some of the transferred energy is expected to be uniform-

ly dissipated in the boundary between the radiative in-

terior and the convective envelope. This model requires 

period changes to be in phase with the magnetic cycling 

of the star and light-level changes to be in phase as well 

so, in principle, it is a testable proposition. But at present, 

the test is not operable because all the light curves have 

accidentally been obtained near or at the minimum of 

the long-term period variation and there is none of them 

at the maximum of this modulation.

Although evidence for a magnetic field on the cool 

eclipsing star cannot be adduced from the period his-

tory, there seemed to be another opportunity in spectra 

obtained on March 10, 2001 at the Bohyun Optical As-

tronomy Observatory in Korea where a 1.8-m reflector is 

equipped with a medium dispersion spectrograph and a 

1K CCD camera cooled with liquid nitrogen. The linear 

dispersion of the spectrograph at the Hα region is about 

56 Å/mm (3 Å/pixel). A montage of spectral images, la-

beled by phase according to the full non-linear ephemer-

is developed above appears in Fig. 6. As may be seen, the 

images cover the rising eclipse branch when the outer 

hemisphere of the cool star is turned toward the observer 

and when the contribution from the hot star is minified 

(only about 50% of that star’s light contributed to the top 

3 images). The weak absorption at λ 6495 is due primar-

ily to Fe I. Apart from the expected Doppler shifting, the 

most conspicuous detail of Hα is the seeming emission 

feature red-shifted from the absorption core in the image 

at phase 0.0. Should this be real, it could signify plage ac-

tivity on the cool star and thus inferentially some level of 

magnetic activity for that star. It is evident, however, that 

this cannot be the case for the seeming emission repre-

sents only 2 pixels over a time scale that is much too brief. 

Although it is not obviously similar to the other image de-

fects that may be easily seen across the raw images, there 

is no reason to believe it to be real. This effort - phased as 

favorably as possible - then also failed to support the hy-

pothesis of a magnetic cool eclipsing star and the cause 

of the long-term period variation remains unknown cur-

rently.

6. LIGHT CURVE OVERVIEWS

For further use, we establish our notation as yyyyf to 

identify a particular light curve. The first four characters 

designate the first year of obtaining a set of measures 

(i.e., mostly the fall/winter part of the observing season) 

and the f-character the color filter. For example, 1963U 

indicates the ultraviolet light curve begun in 1963. The 

Table 4. Model parameters of magnetic activity for SW Lyn.

Model The 33y.9 period modulation Unit

Parameter Hot primary Cool secondary

ΔP
ΔP/P
ΔJ
Is

ΔΩ
ΔE
ΔLrms

Δmrms

B

0.1210 
2.17 × 10-6 
2.42 × 1047

3.42 × 1054

7.07 × 10-8

3.42 × 1040

1.04 × 1032

2.63 × 10-2

4.75 × 10-3

±0.005
4.81 × 103 

0.1210
2.17 × 10-6

2.01 × 1047

8.58 × 1053

2.34 × 10-7

9.38 × 1040

2.75 × 1032

7.19 × 10-2

1.36 × 10-1

± 0.013
7.60 × 103 

sec
--
g cm2/s
g cm2

sec
erg
erg
LΘ

Lp,s

mag
gauss

Fig. 6. The seven Hα spectra observed during and after primary eclipse. 
The lower six spectra have been moved downward by the zero-point 
corrections labelled to the left. The vertical dotted line indicates the rest 
wavelength.
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most symmetrical light curves are 1963BV, and 1967B di-

verges substantially from all the others. Maximum I has 

commonly been brighter than Max II, but even this regu-

larity has been violated seasonally: e.g., in 1995R the two 

maxima were of equal brightness and 1995BV show Max 

II to be the bright one. It appears that one of Shaw's crite-

ria is not satisfied by this binary.

Although in the main, the light curves are afflicted 

by noise levels appropriate for the technologies of their 

times, there is one exception to this uniformity. The 

1997BVRI light curves all show short-term variability 

skewed with respect to the canonical light curve shapes. 

We tried to attribute the short-term variations to pulsa-

tion, presumably of the hot eclipsing star but were not 

successful.

All previous studies of SW Lyn have led to high incli-

nations. We believe these to be realistic and this circum-

stance should mitigate problems with parasitic solutions 

in the multi-parameter space. It was also clear that "third 

light" would have to be evaluated although this param-

eter would not resolve individual contributions between 

the third star and a possible fourth one. The variable light 

curve asymmetries, both ours and those from published 

data, are not excessively large but suggested that re-

course to spot modeling would eventually be necessary. 

From experience by us and many other workers with nu-

merous binaries and from the fact that the hot eclipsing 

star cannot have a substantial convective envelope, we 

expected the cool star to be the seat of any spot activ-

ity. Some previous light curve analyses had led also to 

the understanding that the cool star fills its Roche lobe 

so that mass transfer to the hot companion had also to 

be considered a possibility. This situation is familiar for 

many Algol-type pairs and an impact site on the hot star 

might be supposed to be the location of a spot of some 

kind. Since the period study failed to find evidence for a 

significant secular period variation, however, mass trans-

fer was expected to be at low ebb.

7. LIGHT CURVE SYNTHESES

In this section, we pretend that we separated the stellar 

fraction of the light curve synthesis from the fraction of it 

that developed the evidence for spots. In reality, the two 

efforts were eventually accomplished together and we 

separate their results here only to make more emphatic 

the distinction between the high-weight results for the 

global stellar parameters and the low-weight results for 

the spots.

We applied the 2003 version of the Wilson-Devinney 

synthesis code (Wilson & Devinney 1971, Wilson 1979, 

1993, hereafter WD) and began with our own light curves 

examining four different synthesizing modes: mode 2 

(detached), mode 3 (contact), mode 4 (semi-detached 

with the primary filling its inner Roche lobe) and mode 

5 (semi-detached with the secondary filling its limiting 

lobe). In the differential correction (DC) portions of the 

WD code, the method of multiple subsets (Wilson & Bier-

mann 1976) was used because of the correlations among 

the adjustable parameters. The albedo and gravity pa-

rameters were varied so as to see the effects of making 

them either unique or dissimilar for the two stars and 

van Hamme's (1993) limb darkening coefficients were 

used. There was little difference among the fits if these 

secondary parameters were changed so they had to re-

main poorly determined. Several test runs showed that 

the spin parameter should be set at 1:1 synchronism with 

orbital revolution. The Kurucz model atmosphere option 

(Kurucz 1993) was chosen rather than the black body one. 

Our tactic for the light curve work was to evaluate "third 

light" before searching for any spot or gas motion behav-

ior because there could be little doubt that it would be 

found whereas the other activities could remain conjec-

tural. Furthermore, a spot or other contributions to the 

light curve should be only a fraction of the "third light" 

contribution if LRO were correct in their evaluation of the 

latter. Another much more important distinction had to 

be investigated: a temperature of 6,700 K for the hot star 

would be inferred from the spectral type but the color in-

dex commended a value of the order of 7,800 K. To take 

the understanding of SW Lyn further, we also analyzed 

separately the Gleim, Vetěsník and Kreiner et al. light 

curves, using our own binary parameters as initial values.

Our experience showed that the differences of fittings 

of the assorted observations were never large no matter 

the choices of modes or hot star temperatures. To resolve 

these degeneracies, we set up a number of tests that a pa-

rameter choice should satisfy for all 5 seasons in order 

to be acceptable. These are as follows. (a) Because of the 

understanding of the period variability, the light curve 

fitting mode could not suggest large mass transfer to be 

a possibility. (b) The eclipsing pair light ratio could not 

conflict with the obviously large ratio that is spectroscop-

ically valid. (c) The photometric determination of "third 

light" could not disagree significantly with its evaluation 

by the spectroscopists. This criterion was modified so as 

to set the photometric threshold at about 20%, the value 

subsequently improved (from the published 33%) and 

privately communicated to us by one of those authors. 
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(d) The sums of the residuals squared for a chosen pa-

rameter set should at least formally be a minimum value. 

(e) The eventually calculated mass of the hot star could 

not violate the temperature and near main sequence po-

sition assigned to it.

The following results emerged. (a) Modes 2 and 5 were 

always better than modes 3 and 4 so the contact and 

over- contact conditions were denied as was Case A mass 

exchange. (b) No choice of mode or temperature could 

be preferred because the hot star's light always domi-

nated that of the cool star by a large factor, as the spec-

troscopic evidence demands. (c) For the hotter tempera-

ture of the hot eclipsing star, the values of "third light" 

were not different for the two modes but the values were 

more accordant (by about a factor of 2) with the spectro-

scopic results than were the results if the hot star’s tem-

perature was assumed to be 6,700 K. (d) Mode 2 always 

led to smaller (by 1%) sums of residuals squared than did 

the alternate possibility. (e) No matter what the evolu-

tionary mode, the mass of the hot star cannot be made 

small enough to satisfy the F-type spectral classification 

but is appropriate for the temperature of an middle-to-

late A-type star. This means that the F2 assignment must 

be wrong and this may be understood to be the result of 

many neutral metal lines from the atmosphere of star 3 

appearing in the same spectrum as the A-star's Balmer 

and metal lines.

The net effect of these tests is a definite choice of a 

7,800 K hot star but the preference for a detached binary 

rather than a semi-detached one has not been conclu-

sive. The tradeoff between modes 2 and 5 is not extreme 

and, should it happen that increasing minimum timings 

eventually validate a secular period increase, this con-

figuration could be changed. In this line the eclipses are 

complete, with the primary being annular and about 50% 

of the hot star’s area eclipsed at phase 0.0. With the total 

eclipse at 0.50 phase, it might be possible to determine 

one or more radial velocities of the hot star during sec-

ondary eclipse despite the blending with the broadening 

function of the third star. The final stellar parameters for 

mode 2 and 7,800 K (and after eventually incorporating 

a photospheric spot) appear in the upper portions of 

Tables 5 and 6.

We first examine the geometrical parameters. De-

spite the differences from one season to another and 

the asymmetries of the light curves, the radii and shapes 

of each eclipsing star appear to be established to three 

significant figures. The mean stellar radii are, therefore, 

also well founded. The same remark is true for the very 

deep orbital inclination, leading to the consequence that 

the orbital dimension and the masses and radii of the 

stars are accurately freed of the projection effect in Table 

7 also. These are impressive concordances particularly 

since there do exist systematic differences from one light 

curve to another.

The radiometric stellar parameters are a somewhat 

different matter. In general, the light contribution of the 

hot star diminishes with wavelength but the 1997BVRI 

values are systematically high by about 0.07 compared 

to all other results. This effect has a mirror consequence 

in that the value of excess hot star light is lost from the 

contribution of star 3 making the non-eclipsing star ap-

pear systematically faint when compared to the results 

from the other light curves. The temperature of the cool 

star is very well defined and the inferred spectral type of 

that star is K2-K3 or K0 for Luminosity Classes III or V, 

respectively. Table 7 shows this star to have a radius ap-

propriate for Luminosity Class IV. The color indices can 

be derived from the light contributions due to stars 1 

and 2 and "third light". For the 1997BVRI data, the color 

indices for the "third light" are, within errors, the same 

as for the cool eclipsing star. For the other seasons, their 

Table 5. Model parameters of SW Lyn for 1995 and 2001 SOAO light curves.

Parameter Values

1995/96 2001

q (=m2/m1)
i (°)

0.524*

88.0 (2)
0.524*

88.5 (3)

star 1 star 2 star 1 star 2

T (K) 
Ω

7,800*

3.137 (2)
4,525 (7)
3.068 (2)

7,800*

3.151 (4)
4,528 (10)
3.078 (3)

Ωin 2.922 2.922
A
g
X
xB

xV

xR

l/(l1+l2+l3)B

l/(l1+l2+l3)V

l/(l1+l2+l3)R

1.0*

1.0*

0.538*

0.600*

0.526*

0.429*

0.802 (2)
0.753 (2)
0.723 (2)

0.5* 
0.32*

0.534
0.944
0.796
0.657
0.013
0.028
0.048

1.0* 
1.0*

0.538*

0.600*

0.526*

0.429*

0.819 (3)
0.771 (3)
0.734 (3)

0.5*

0.32*

0.534
0.943 
0.796 
0.657
0.014
0.029
0.049

l3B
**

l3V
**

l3R
**

0.185 (2)
0.219 (2)
0.229 (2)

0.167 (2)
0.200 (2)
0.217 (3)

r ( pole) 
r (point) 
r (side) 
r (back) 
spot 
φ
l
R
T

0.3779 (3)
0.4367 (7) 
0.3952 (4) 
0.4134 (5)

67.5 (4.5) 
53.6 (6.7) 
8.26 (56) 
1.072 (9) 

0.2807 (3)
0.3312 (7)
0.2903 (4)
0.3116 (5)

0.3759 (5)
0.4327 (11)
0.3929 (6)
0.4105 (8)

62.6 (1.5)
333.2 (2.7)
10.66 (45)
1.126 (9)

0.2791 (5)
0.3278 (10)
0.2885 (5)
0.3092 (7)

ΣW (O-C)2 0.0555 0.0563
*Fixed parameter, **Value at 0.25 phase.
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Table 6. Model parameters of SW Lyn for the nine historical light curves.

Parameter Values

Gleim (1967) Vetěsník (1968) Kreiner et al. (2003)

q (=m2/m1)
i (°)

0.524*

88.5 (3)
0.524*

89.9 (2)
0.524*

88.3 (1)

star 1 star 2 star 1 star 2 star 1 star 2
T (K)
Ω

7,800*

3.146 (3)
4,533 (14)
3.108 (3) 

7,800*

3.165 (3)
4,510 (9)
3.135 (3)

7,800*

3.138 (2)
4,588 (6)
3.134 (2)

Ωin 2.922 2.922 2.922
A
g
X
xU

xB

xV

xR

xI

l/(l1+l2+l3)U

l/(l1+l2+l3)B

l/(l1+l2+l3)V

l/(l1+l2+l3)R

l/(l1+l2+l3)I

1.0*

1.0*

0.538*

0.569*

0.600*

0.526*

…
…
0.825 (3)
0.825 (3)
0.781 (3)

…
…

0.5* 
0.32* 
0.534 
1.033 
0.942 
0.795 
…
…
0.006 
0.013 
0.028 
…
…

1.0*

1.0*

0.538*

…
0.600*

0.526*

…
…
…
0.845 (2)
0.780 (2)
…
…

0.5*

0.32*

0.533
…
0.947
0.799
…
…
…
0.013
0.027
…
…

1.0*

1.0*

0.538*

…
0.600*

0.526*

0.429*

0.333*

…
0.898 (5)
0.857 (5)
0.823 (5)
0.779 (5)

0.5*

0.32*

0.534
…
0.933
0.787
0.650
0.526
…
0.022
0.041
0.064
0.084

l3U
**

l3B
**

l3V
**

l3R
**

l3I
**

0.169 (2)
0.162 (2)
0.191 (3)

…
…

…
0.142 (2)
0.193 (2)

…
…

…
0.132 (5)
0.159 (5)
0.170 (5)
0.189 (5)

r (pole)
r (point)
r (side)
r (back)
spot 
φ
l
R
t

0.3765 (5) 
0.4339 (10)
0.3936 (6) 
0.4114 (7) 

0.2750(4)
0.3190(8)
0.2838(4)
0.3030(6)

0.3740 (4)
0.4289 (8)
0.3906 (5)
0.4078 (6)

54.4 (1.4) 
323.5 (3.0)
8.97 (27) 
1.179 (10)

0.2713 (3)
0.3116 (7)
0.2796 (4)
0.2976 (5)

0.3777 (3)
0.4363 (6)
0.3950 (4)
0.4131 (4)

0.2714 (3)
0.3119 (5)
0.2798 (3)
0.2978 (4)

ΣW (O-C)2 0.0602 0.0585 0.0563
*Fixed parameter, **Value at 0.25 phase.

Table 7. Absolute dimensions of the SW Lyn eclipsing 
stars.

Parameters Kreiner et al. (2003) This paper

M1 (MΘ)
M2 (MΘ)
R1 (RΘ)
R2 (RΘ)
L1 (LΘ)
L2 (LΘ)

1.72
0.90
1.76
1.22
5.90
0.57

1.77(±0.37)
0.92(±0.18)
1.76(±0.16)
1.32(±0.12)

10.15(±0.15)
0.64(±0.01)

mutual agreement is very high for the cool eclipsing star, 

but the "third light" contributions for these seasons are 

somewhat noisy and signify a temperature somewhat 

hotter than that of the cool eclipsing component.

Should there arise conclusive evidence that mode 5 

(semi-detached configuration with the lobe filling sec-

ondary component) is really the correct description, we 

predict that (for the present mass ratio) the cool star will 

show a radius larger by 11%, the hot star a radius smaller 

by 2%, and the orbital inclination a diminution of about 

7o compared to the averages of the values in Tables 5 and 

6. There will be consequent changes in the individual lu-

minosities and light ratios.

All of the foregoing conclusions were actually drawn 

after the final light curve fittings were satisfied by star 

spot contributions when this was necessary.

8. LIGHT CURVE ASYMMETRIES

Some of the model light curves did not fit the observed 

ones as well as desired because of systematic runs of light 

residuals that were phase- and bandpass-dependent. 

Such discrepancies have been reported commonly for 

contact and over-contact binaries and ascribed to sur-

face inhomogeneities, such as photospheric spots (e.g. SS 
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Ari: Kim et al. 2003, BX Peg: Lee et al. 2004, AX Dra: Kim 

et al. 2004), which can also be modeled simply by means 

of the WD program. Since all filter bandpasses are at least 

of the order of 800 Å wide, none of the asymmetries and 

residual patterns can have an explanation founded in a 

single, or even a few, absorption or emission lines unless 

these lines would be of extreme strength. No such spec-

tral anomalies have been reported. Our procedure was 

to be as sparing of hypotheses as possible. This idea was 

implemented by attempting first to understand what ap-

peared to be the simplest set of residuals, then to work on 

what appeared to be the next most complicated pattern, 

and so on.

An initial belief was quickly formed that the 2001BVR 

residuals could be understood by appeal to one photo-

spheric spot and that the 1963UBV residuals might need 

none at all. In the case of cool contact or over-contact bi-

naries which have only a small temperature difference, 

a unique-temperature spot model has frequently been 

found sufficient to explain light curve asymmetries. For 

SW Lyn, however, the temperature difference is more 

than 2,400 K and the situation is different. A spot cool-

er than the cool star makes a monotonically decreasing 

contribution to systemic light as wavelength decreases 

and a spot hotter than the hot star makes a monotoni-

cally decreasing contribution to systemic light as wave-

length increases.

We first analyzed the 2001BVR light curves incorporat-

ing model spots for both modes 2 and 5 and permitting 

single hot or cool spots on each component star. The 

hot-spot model on the primary star for each of modes 2 

and 5 always gave a smaller weighted sum of the squared 

residuals and a better fit than other spot configurations. 

To generalize beyond this special case, we considered 

all spot possibilities for each seasonal light curve: hot or 

cool spot(s) on each component star and a hot spot on 

one star and a cool one on the other. With regard to the 

possibility of only one star supporting spots, iteration led 

to improved light curve fitting only if the hot star were 

spotted. These results are shown at the bottom of Tables 

5 and 6 from which it may be recognized that the spot 

longitude changed significantly over the observing his-

tory. No matter what the character of the seasonal spot, 

its latitude remained distant from the hot stellar equa-

tor so it seems unlikely that it can have any reference to 

low-level mass transfer. As expected, the 1963UBV light 

curves supported no spots and the 1997BVRI ones were 

satisfied in the same way.

Light residuals for 10 of the light curves appear in Fig. 

7. The six earliest patterns appear satisfactorily at ran-

dom but that is not true of the last four of them. It may 

appear at first glance that at least a second spot could 

usefully be invoked to diminish the systematics for the 

1997BV and 2001BV light curves but this does not work. 

Tests showed that adding a second spot did not improve 

the fits but rather significant problems arose in the fitting 

attempts. Ordinarily, one would think that adding more 

degrees of freedom to a complex function will fit the 

function closer and closer. This did not happen for these 

light curves for the simple reason that invoking the four 

unique spot parameters will not remove the differences 

among the filtered light curves of a given season. Indeed, 

the fitting attempts diverged if we attempted to evaluate 

more than one spot.

Some new understanding is necessary. Because the 

cool star contributes only a few percent of the systemic 

light, it seems unreasonable to suppose that its light con-

tribution is the cause of these systemic 2% discrepan-

cies. For this to be the case, a significant fraction of the 

cool star photosphere would have to be structured in 

some very complex way. Rather, an easier entry into the 

problem would appeal to minor structuring on the hot 

star which dominates the light balance. It is possible that 

the small discrepancies could be traceable to line radia-

tion anomalies. LRO show velocity anomalies for this star 

which are clearly phase-dependent but we cannot know 

if these are accompanied by line strength anomalies. 

Plausibility for this idea basically rests in the recognition 

that the blue bandpass has more lines than the yellow or 

red ones but, even so, the blue part of the spectrum of 

an A7-8 star still shows intervals of real continuum. We 

would like to implicate anomalies of continuum radia-

tion in explaining the light curve discrepancies but this 

leads back to something like the concept of spots. In view 

of the failure of our attempts at spot elaboration, the ar-

gument would be a circular one.

9. DISCUSSION AND SUMMARY

Some advances in understanding this star can be 

claimed: the 5.8-year period oscillation is assigned to the 

light-time effect due to the third star; that star’s tempera-

ture and luminosity have been approximated; the tem-

perature of the hot eclipsing star has been corrected; and 

the stellar and orbital geometries are now demonstrably 

recoverable despite a certain range of light curve com-

plexities. At the same time, some failures and limitations 

are conspicuous: the evolutionary and binary dynamical 

state of the close binary and triple systems are not de-



DOI: 10.5140/JASS.2010.27.4.263 276

J. Astron. Space Sci. 27(4), 263-278 (2010)

O
-C

-0.06

-0.04

-0.02

0.00

0.02

0.04

0.06

Phase

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

Phase

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

Kreiner et al.(2003)

SOAO95

Vetesnik(1968)

Gleim(1967)

SOAO01

blue yellow

m

Fig. 7. The blue and yellow light residuals from the Wilson-Devinney fits of Tables 5 and 6.

fined; the 34-year period modulation does not have an 

identifiable cause; the characterization of the star spot is 

only a partial formal success; and final light curve residu-

als are not always so small nor so random as desired. This 

is not a particularly impressive record of accomplish-

ment but in the following final paragraphs we offer a few 

speculations.

Lynx is a small constellation not near the galactic plane 

and so there may possibly be objects within its bound-

ary which have some uncommon property with respect 

to the usual Pop I close binaries. We assume here that the 

triple barycentric velocity is +32 km/s, but the exact value 

is not very significant. With the conventions and formal-

ism of Johnson & Soderblom (1987), the U, V and W com-

ponents of the velocity of SW Lyn become -51 km/s (away 

from the galactic center), -25 km/s (in the solar antapex 

direction) and -19 km/s (toward the Milky Way plane), 

respectively, without correcting for solar motion. These 

are not small velocity components and they suggest an 

orbit not shared by most other close binaries. It is worth 

wondering if the third star is an object captured during a 

close approach of the eclipsing pair to the galactic bulge.

What might be done in the near future? This object 

is not a detected radio or X-ray source so it is possible 

that one has already learned most of what it is capable 

of revealing. There seems no obvious need for new light 

curves until a new maximum of the long-term period 

variation is attained but new radial velocity curves might 

usefully be accumulated when the eclipsing binary and 

the third star approach their alternating greatest veloc-

ity separations. Probably the best use of observing time is 

diligent attention to minimum timings for both eclipses, 

and this suggests that there is another way to look at the 

confusing long-term oscillation. Its semi-amplitude is 
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only 0.0043 days, thus 0.0067 in phase. The eclipses are 

seen to be complete, and a time excursion of this dimen-

sion translates into only about 0.002 in magnitude or light 

scale. Even a small asymmetry of the eclipse branches 

is sufficient to lead to an apparent deviation of a mini-

mum timing from the value predicted by the linear and 

5.8-year terms of the ephemeris. An inhomogeneity of 

photospheric brightness not on the stellar line of centers 

can easily create such an apparent time deviation so one 

may not need to seek a dynamical explanation for the 

long-term oscillation if cycling of eclipse branch asym-

metry can be established. Obviously, such a discovery 

would not lead directly to an understanding of the seem-

ing long-term period variation but it could focus ideas on 

how to distinguish among a stellar magnetic cycle or gas 

streaming episodes or convective motions in the enve-

lope of the hot star.
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