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Periodicitiess in the optical brightness variations of 

thee intermediate polar T V Columbae 

T.. Augusteijn, M.H.M. Heemskerk, G.A.A. Zwarthoed, and J. van Paradijs 
AstronomyAstronomy & Astrophysics Supplement 107, 219 (1994) 

Abstrac t t 

Wee present extensive observations in the Walraven (VBLUW) photometric sys
temm of the intermediate polar TV Col over the period 1985-1988. We find, apart 
fromm the photometric variations at the three previously know periods, long-term 
brightnesss changes between groups of observations of up to A 5 j ~0.4 mag. During 
thee periods of highest mean brightness the source shows 1-2 mag outbursts, of which 
wee detected four during our observations. No photometric variations are detected 
att the X-ray pulse period, or at its orbital or 5.2 hr period sidebands. We derived a 
neww ephemeris for the orbital period, and we determined arrival times of maximum 
lightt at the 5.2 hr and 4 day photometric periods. We are unable, using the arrival 
timess from our own data and those listed in the literature for the 5.2 hr light curve, 
too determine any constant-period ephemeris to fit  all the observations. We suggest 
thatt the 5.2 hr period is in fact not stable and can vary non-monotonically. Because 
thee 4 day period is the beat period between the orbital period and the 5.2 hr period, 
thiss also applies to the variations at this period. We investigate the changes in the 
opticall  light curve as function of the 4 day cycle and discuss their cause. 

6.11 Introductio n 
Thee high-latitude hard X-ray source 2A 0526-328 was discovered with the ARIEL V satellite 
(Cookee et al. 1978), and optically identified with the V~14 magnitude star TV Col by Charles 
ett al. 1979 on the basis of its accurate HEAO-1 position (Schwartz et al. 1979) and its optical 
emission-linee spectrum. 

Motchh (1981) found that the optical brightness of TV Col varies with periods of 5.2 hr and 
~44 day. The radial velocities derived from the emission lines show a 5.5 hr variation (Hutchings 
ett al. 1981). Reanalysis of the data taken by Motch (1981) showed that the optical brightness is 
alsoo modulated with the 5.5 hr spectroscopic period; this 5.5 hr modulation is dominant in the 
bluee and UV (Bonnet-Bidaud et al. 1985). The spectroscopic 5.5 hr period is generally thought 
too be the orbital period (Porb). The 4 day period (P4d) is the beat period between the 5.2 hr 
periodd (P5.2hr) and the orbital period ( P ^ - P ^ - P ^ )- Recently Hellier et al. (1991; hereafter 
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Tablee 6.1 Summary of observations 

yea rr  T 8tftr t(HJD ) 
-244000 0 0 

198 55 6402.5980 6 
6403.5679 4 4 
6405.6198 1 1 
6405.7898 2 2 
6406.6152 3 3 
6408.5801 5 5 
6409.5465 4 4 

1987 11 7120.6072 8 
7121.5855 6 6 
7122.5793 0 0 
7123.5789 8 8 
7124.5791 1 1 
7125.5708 3 3 
7126.5740 1 1 
7127.5673 1 1 
7128.5655 1 1 
7129.5660 3 3 
7130.5620 4 4 
7131.5618 5 5 
7132.6727 4 4 

Duratio n n 
(day ) ) 

0.2267 3 3 
0.2731 7 7 
0.0500 3 3 
0.0537 6 6 
0.0124 7 7 
0.0929 1 1 
0.2295 3 3 

0.2243 2 2 
0.1140 9 9 
0.2631 0 0 
0.1166 8 8 
0.2545 6 6 
0.2686 8 8 
0.2605 6 6 
0.2701 8 8 
0.2697 7 7 
0.2777 7 7 
0.2734 7 7 
0.2664 0 0 
0.1049 1 1 

No..  o f 
obs . . 

280 0 
325 5 
140 0 
134 4 
48 8 

258 8 
612 2 

429 9 
307 7 
678 8 
300 0 
652 2 
746 6 
742 2 
792 2 
746 6 
830 0 
804 4 
292 2 
310 0 

yea r r 

198 77 1 

198 77 I I 

198 8 8 

Tstar t (HJD ) ) 
-244000 0 0 

7133.5689 9 9 
7134.5595 8 8 
7135.7734 9 9 

7144.5851 9 9 
7146.5910 3 3 
7147.6479 7 7 
7148.5833 4 4 
7149.6456 8 8 
7150.5875 5 5 
7151.5881 8 8 
7153.5795 1 1 
7155.5691 6 6 

7481.6636 1 1 
7482.6372 0 0 
7483.6442 9 9 
7484.6560 4 4 
7486.6608 4 4 
7487.6232 6 6 
7488.6830 1 1 

Duratio n n 
(day ) ) 

0.2767 7 7 
0.2836 3 3 
0.0733 8 8 

0.2062 4 4 
0.2034 6 6 
0.1938 3 3 
0.2125 2 2 
0.1985 6 6 
0.2092 6 6 
0.2041 6 6 
0.2213 4 4 
0.2175 8 8 

0.1861 6 6 
0.2033 0 0 
0.1918 6 6 
0.1855 6 6 
0.1729 0 0 
0.2038 8 8 
0.1349 3 3 

No..  o f 
obs . . 

668 8 
780 0 
213 3 

435 5 
528 8 
536 6 
616 6 
577 7 
618 8 
590 0 
609 9 
614 4 

452 2 
492 2 
444 4 
453 3 
268 8 
544 4 
371 1 

H91)) detected the presence of a previously unnoticed eclipse recurring with the 5.5 hr period, 
confirmingg that this is the orbital period. They showed that the eclipse is the result of a partial 
occultationn of the accretion disk by the secondary; the primary is not eclipsed. Apart from these 
threee regular photometric variations also three ~2 mag outburst have been detected for TV Col, 
onee of which was simultaniously observed in the UV (Szkody and Mateo 1984, Schwarz et al. 
1988). . 

Inn addition to the optical variations, Schrijver et al. (1985, 1987) detected a 1911 sec X-ray 
period,, which they identified with the rotation period of a magnetic white dwarf, placing TV Col 
amongg the intermediate polar sub-class of cataclysmic variables. 

Inn this paper we present the results of extensive photometry of TV Col in the Walraven 
(VBLUW )) photometric system obtained in 1985, 1987 and 1988. The two large-amplitude (~2 
mag)) outburst detect during the 1987 observations have been discussed by Schwarz et al. (1988). 
Inn Sect. 6.2 a short description of the observations and the reduction of the data is given. On 
thee basis of these data we derive in Sect. 6.3 a new ephemeris for the orbital period and compare 
thee photometric variations at the 5.2 hr and 4 day periods in our data with the ephemerides 
givenn in the literature. In Sect. 6.4 we present a search for the presence of the 1911 sec X-ray 
periodd in the optical. In Sect. 6.5 we discuss our results in more detail. A summary is given in 
Sect.. 6.6. 
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6.22 Observations and reduction 

Wee observed TV Col on 38 nights between 3 December 1985 and 23 November 1988 using 
thee Walraven photometer attached to the 0.91-m Dutch telescope at the European Southern 
Observatoryy (ESO). A summary of the observations is given in Table 6.1. 

Thee Walraven photometer provides simultaneous measurements in five passbands (V, B, L, U 
andd W) with effective wavelengths between (W) 3255 and (V) 5467 A which are denned in Rijf et 
al.. (1969) and Lub and Pel (1977). The source was monitored for several hours each night with 
aa break about every half hour to measure the sky background and nearby comparison stars. For 
alll  the observations an integration time of 16 sec was used. To avoid contamination of the light 
fromm a star located ~10" to the North-West of the source, an 11.5" diaphragm was used. The 
photometricc data on TV Col were reduced differentially with respect to a nearby comparison 
starr (located ~1 .1' to the South and ~1.3' to the West of TV Col; Vj = 10.67, (B-Vjj=0.423). 
Thee timing of each measurement was taken at the middle of the exposure and the heliocentric 
timingg correction was applied. The comparison star was checked for variations by calculating 
thee ratio of the sky subtracted signal of this star with respect to that of a second comparison 
star.. This ratio was constant to within ~ 1% during each night, except for the observations in 
19888 when the variations in this ratio was ~2%; the average value per night was constant over 
thee whole observing period to within 0.5%. 

6.33 Results 
Wee divided the 1987 observations in two parts. For the remainder of this paper we wil l refer 
too the observations from the first and second part as the 1987 I and 1987 II observations, 
respectivelyy (see Table 6.1). In Fig. 6.1 we show the intensity (in units of the comparison star 
intensity)) of TV Col in the B band as function of time for the four observing periods. Note 
thatt the intensity scale is the same throughout the figure. It can be seen that the source, apart 
fromm the "outbursts", is not only variable from night to night, but also shows secular brightness 
variationss on longer timescales. In particular, the average intensity (excluding outbursts) of the 
19877 I observations, and the 1988 observations is significantly higher than the average intensity 
inn the 1985 observations, and the 1987 II observations. We wil l discuss this in more detail in 
Sect.. 6.5.1. 

6.3.11 The orbita l period 

Fromm spectroscopy the orbital period of TV Col was found to be 0.228600(5) day (Hutchings et 
al.. 1981). Recently H91 discovered the presence of an eclipse in the light curve recurring with 
thee orbital period. In their paper H91 also determined ephemerides for the 5.2 hr and 4 day 
photometricc periods. On the assumption that the 4 day period is the beat period between the 5.2 
photometricc period and the 5.5 hr orbital period they derived an orbital period of 0.2285529(2) 
day. . 

Thee eclipses in our Walraven data are not very conspicuous as they are partially masked 
byy the photometric variation at the 5.2 hr period, strong ~10-15 % intrinsic "flickering" of the 
source,, and the presence of "dips" of variable strength in the light curve (see Sect. 6.5 and 
below).. However, phasing our observations with the orbital period clearly shows eclipse like 
eventss recurring with this period. 

Timess of mid eclipse were determined from parabolic fits to the data around each eclipse 
inn the five passbands separately. The interval over which the fit was applied was typically 
~0.155 orbital phase wide, and contained about 110 individual measurements. The error in the 
eclipsee time was determined from the scatter around the fit. In most cases arrival times could 
bee determined in all five passbands. In a few cases the eclipse times determined for the W 
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:: 1a) 1985 

64044 6408 
Timee (HJD-2440000.) 

I, , 
ll 'I ill: 
1d)) 1988 
11 I I I . I I .J 

74844 7488 
Timee (HJD-2440000.) 

ïïïïïTTT ïïïïïTTT 
19877 II 

71200 7124 7128 7132 7136 7144 7148 7152 7156 
Timee (HJD-2440000.) Time (HJD-2440000.) 

Figuree 6 .1. The intensity of TV Col in the B band as function of Heliocentric Julian 
Date.. The data is shown in four parts: a) the 1985 observations (upper right); b) the 1987 
II  observations (left; see Table 6.1); c) the 1987 II observations (lower right); d) and the 1988 
observationss (middle right). The intensity is in units of the intensity of the comparison star 

andd U bands showed large deviations from the arrival t imes in the other bands, having large 
formall  errors, and sometimes even falling outside the interval over which the fit was performed. 
Thee reason for these deviations is most likely the occurrence of dips just before eclipse, which, 
relat ivee to the eclipse, are stronger in these bands (see below), and the larger photometr ic error 
associatedd with the measurements in these bands. The final eclipse t imes were taken to be the 
weightedd average over the five bands, excluding the deviating measurements mentioned above. 
AA list of the eclipse times is given in Table 6.2. The errors (as determined from the parabolic 
fits)) in the last digit(s) are given in parenthesis. 

Al thoughh the eclipses observed in 1985 and 1988 occur at times close to that predicted by 
thee ephemeris determined by H91, the eclipses in 1987 are shifted by ~0.4 in phase with respect 
too this ephemeris. From a linear fit  to the eclipse times for 1987 alone we obtained a period of 
0.228645(30)) day. 

Onn the basis of the arrival t ime given by H91 and the 24 arrival t imes obtained by us we are 
ablee to mainta in cycle count over the entire data set. The corresponding orbital cycle numbers 
aree l isted in Table 6.2. From a linear fit  to the arrival t imes in Table 6.2 we derive the following 
ephemeris: : 
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TTeclecl(HJD)(HJD) = 244 7151.2324(11) + 0.22859884(77) x N 

(6.1) ) 

Cov(TCov(Too,P,Poo)) = l.ZlQ-10d2 

Thee error and covariaiice estimates are based on the errors in the arrival times scaled to give 

*r 2ed=l-0--
Thee derived period is not consistent with the period derived by H91, but is consistent with 

thee period determined from spectroscopy. The period derived by H91 is not compatible with the 
spectroscopicc period, nor with a possible 1-year alias of this period due to the 1-year spacing 
inn the spectroscopic observations. Furthermore, for the ephemeris derived by H91 mid eclipse 
occurss at +0.10(2) in phase after superior conjunction of the line emission region, whilst for 
thee ephemeris derived above this occurs at spectroscopic phase +0.03(4). Since, in addition we 
neverr failed to observe a predicted orbital eclipse minimum within the entire data set, we believe 
thatt the ephemeris given above is the correct one. We note here that the period reported by 
H911 is consistent with being the 1 cycle over three years alias of the period we derive. We would 
likee to stress that the ephemeris given in Eq. (6.1) is not based on any assumption regarding a 
beatt relation between the different periods found for TV Col. 

Inn Fig. 6.2 we show the average light curve in the B band and the average B/U "colour" 
curve,, as denned by the ratio of the intensities in the B and U band, as a function of orbital 
phase,, for the 1985, 1987 I and II , and 1988 observations separately. To correct for the variable 
brightnesss level, the data in each individual night were first divided by the average intensity 
duringg that night before folding the data with the orbital period. The outbursts seen in the 
19877 I and 1988 observations were excluded. 

Fromm Fig. 6.2 it can be seen that a dip of variable strength is always present around ^ j , ~0.8, 
whichh increases in strength going from the B band to the U band (i.e. going from the red to the 
blue).. The dip is significantly stronger in the data from the 1987 I and 1988 observations, than 
inn the data from the 1985 and 1987 II observations. We wil l discuss this in more detail in Sect. 
6.5.1. . 

Thee orbital period determined by H91 was based on the assumption that the 4 day period 
iss the beat period between the orbital and the 5.2 hr periods. If a beat relation between the 
differentt periods indeed exists then, because we find a different value for the orbital period, one 

Tablee 8.2 Times of mid-eclipse 

Cycl ee T mid _eci(HJD ) 
no..  -244000 0 

00 6403.7123(15 ) 
266 6409.6609(11 ) 

31455 7122.6472(14 ) 
315 44 7124.7126(36 ) 
31588 7125.6270(15 ) 
31633 7126.7674(18 ) 
316 77 7127.6953(36 ) 
31711 7128.6077(19 ) 

Cycl ee T mid _ ec l (HJD ) 
no..  -244000 0 

317 66 7129.7344(18 ) 
318 00 7130.6556(9 ) 
31855 7131.8089(15 ) 
319 88 7134.7805(20 ) 
325 00 7146.6618(20 ) 
32555 7147.8046(21 ) 
325 99 7148.7230(32 ) 
326 88 7150.7778(20 ) 

Cycl ee T mid _eci(HJD ) 
no..  -244000 0 

327 22 7151.6916(22 ) 
328 11 7153.7422(18 ) 
32899 7155.5815(21 ) 
471 66 7481.7853(13 ) 
472 00 7482.7017(20 ) 
473 88 7486.8157(21 ) 
474 22 7487.7361(23 ) 
495 88 7537.1114(16) * 

**  Hellier et al. (1991) 




































