
���������	���
��������������������������������������������������������������������
�	�������������������������������������������������������������������������������
��������������
����������� � �����	�!���
�����	���!������� �"�"�#�$�%� �#�!�%�"�&�"�%

�����������	�
 �����������������������
��������������� ��������������������������������������������������������������������������������������� �������������������!�"���#�$� �����������	�	�%

�"���������������������������������$
�!�����&������ �����'��������

�(�)�*�+���,���-�)�+���.�/�+�0���)�����0�#�,�����)�1�1�)�"�	�2�3���(�)�*�+���,�4��
�0�$���� �.���
���������&���&
�0�������� �1���������������������������5������&����� �����&���������5�����5���$�&�����5�����������������&
�/�����������-�&�4 �(�%���%����������/����������������
����5�������$ ���2�"�	�����/�&���������������5������	���&���������������/�����������.��������'�����'���-�	�/�.�4
�6����� �����7��

���*�1�1���8�	�8�1�	�)�3�+�/�.�#�	�����
�,�0�/�	�1�(��
�= �����������9�9��� ���%������ �����%�������9�����:�;���9���%�����:�����<

�'�����������(����
��
�)�����������������������������������������������������	���
������������������������
����� �������������*���������������������+�������������
������������������������������������������,����������������������������
�������������������
����� ����
�,�����������(�����������	���������������������������������
��������������������,���	�����������������
�	���������������������
�	�����������������	�����������������������-���������������������
���������������,���������������	���,�����,�������	���-��
�'�����
�����������'���������������!
��
��
�������������������������
�������������,�����������������������*�������������	���*���
�������������������������������������������������������������
����������������� � ���
�����!�����
�!���	��
�����
�(�����
���������#�.�"�$���"�"���#�$��

http://hdl.handle.net/11245/2.51915
http://hdl.handle.net/11245/1.392930
http://dare.uva.nl


Mon.Mon. Not. R. astr. Soc. (1987) 225, 93-111 41 

Mult ii  wavelength monitoring of the dwarf nova 
VWW Hydr i - II . Walraven photometry* 

S.. van Amerongen, E. Damen, M. Groot, 
H.. Kraakman and J. van Paradijs r̂rowm/ca//*^-̂Anton 
Pannekoek'.Pannekoek'. University of Amsterdam, Roetersstraat 15,1018 15,1018 WB Amsterdam, The 
Netherlands Netherlands 

Acceptedd 1986 September 9. Received 1986 July 16; in original form 1986 February 6 

Summary.. In this paper we present results of five-colour photometric 
observationss (Walraven system) of VWHyi , made between 1984 July and 
November,, as part of a long-term multiwavelength study of this dwarf nova. The 
averagee orbital light and colour curves during quiescence are accurately defined. 
Apartt from a slow decay following outburst during the first quarter of a quiescent 
interval,, neither the average brightness nor the maximum and minimum 
brightnesss show a significant secular trend between outbursts. The 3<rupper limits 
too a secular change in average brightness during the last three-quarters of a 
quiescentt interval range between 0.16 and 0.20 mag in the five passbands. There is 
noo strong evidence for a secular change in the shape of the orbital light curve 
(amplitudee and width of the hump) through the quiescent intervals between 
outbursts.. Between outbursts the colour behaviour of VW Hyi shows a significant 
variation.. The system is substantially bluer just after outburst in the B-U colour, 
byy about 0.09 mag. The shape of the orbital B-U and U-W colour curves change 
throughh the last three-quarters of a quiescent interval. In this part of quiescence 
thee amplitude of the B-U colour curve decreases by 2 mag, and that of 
thee U-W colour curve increases by . Over the wavelength range 
coveredd by our photometry the onset of normal outbursts is progressively delayed 
towardss shorter wavelengths. The corresponding change in the spectral energy 
distributionn during the rise of normal outbursts fits the behaviour observed with 
thee International Ultraviolet Explorer. 

11 Introductio n 

Ass part of a multiwavelength observing campaign, comprising X-ray, ultraviolet and optical 
observationss [Pringle et al. 1987 (Paper I); Verbunt et al. 1987 (Paper III) ; Polidan & Holberg 
19877 (Paper IV) ; van der Woerd & Heise 1987 (Paper V)] , we have made five-colour optical 

**  Based on observations made al the European Southern Observatory, La Silla. Chile. 
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observationss of the dwarf nova VW Hyi. covering a time interval of about 4 months. The average 
(orbital)) optical properties of VWHyi during quiescence, its long-term variations and its 
behaviourr during outbursts are dealt with in this paper. The observations are described in Section 
2.2. Ephemerides for the quiescent orbital light curves and for the superhump light curves 
(observedd during a superoutburst) are given in Section 3. In Section 4 we discuss the average 
orbitall  light and colour curves of VWHyi during quiescence. A search for possible long-term 
trendss in the light and colour curves during quiescent intervals between dwarf nova outbursts is 
describedd in Section 5. Five outbursts occurred during the period of our observations. The 
behaviourr of VW Hyi during these outbursts is described in Section 6. In Section 7 we summarize 
thee results of our observations. 

22 Observations 

Wee observed VW Hyi during 42 nights between 1984 July 19 and November 4 using the Walraven 
photometerr on the 90-cm light collector at the European Southern Observatory (ESO). The 
Walravenn photometer provides simultaneous measurements of the stellar brightness in five 
passbands,, designated V.B.L,U and IV, with central wavelengths between about 3250 and about 
54000 A (Rijf, Tinbergen & Walraven 1969; Lub & Pel 1977; see also Table 3). A summary of the 
observationss is given in Table 1. During the time interval covered by our observations five 
outburstss took place, the last of which is a superoutburst. An overall view of the behaviour of 
VWW Hyi during the period of our observation is shown in Paper I. fig. 1. 

Al ll  observations were made through a 16.5arcsec diaphragm with an integration time of 16s. 
Ass the time of an observation we used the midtime of a 16-s integration, to which a heliocentric 
correctionn was applied. During 36 nights the source was observed for at least 30 min. The 
observationss were made quasi-continuously during stretches of about 30 min, with interruptions 
off  a few seconds for data readout and transfer to tape. Approximately every 30min the 
observationss of VW Hyi were interrupted for measurement of two local comparison stars (CPD 
-7P2500 and CPD -71°252) and the sky brightness. In addition, occasional checks of the guiding 
off  the telescope were made. 

Thee Walraven photometer has approximately equal sensitivity in the V, B and U bands, and is 
lesss sensitive to the L and W bands by factors of approximately 2 and 3 respectively. From the 
observedd signals of VW Hyi, using the error analysis of the Walraven system (Lub & Pel 1985, 
privatee communication), we estimated that for average observing conditions the accuracy of a 
singlee measurement of the brightness of VW Hyi is about 4 per cent in the V. B and U bands, 
aboutt 6 per cent in the L band and about 8 per cent in the W band. 

Onn 16 nights a sufficient number of Walraven standard stars were observed to tie the 
comparisonn stars into the Walraven photometric system. The results of this comparison with 
Walravenn standard stars show that the relative brightness of the two comparison stars is constant 
too within the observational accuracy. 

Thee observations of VW Hyi were reduced differentially with respect to CPD -71°252, i.e. all 
raww data were transformed into ratios of (sky-corrected) intensities of VWHyi relative to the 
comparisonn star. The sky brightness and comparison star data were interpolated linearly between 
theirr times of measurement. This interpolation was satisfactory, except for data obtained during 
periodss of Moon rise and Moon set; such data were not used in the further analysis. 

Byy using the absolute flux calibration of the Walraven photometric system (Lub & Pel 1985, 
privatee communication) and the observations of the comparison stars we can compare the 
opticall  data of VWHyi directly with the ultraviolet spectrophotometric data (see Paper III) . 
Wee present our results in terms of logF,,, where Fv is the flux in milliJansky (1 mJy=10_2berg 
c n T V H z - 1 ) . . 
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Tablee 1. Summary of observations of VW Hyi. 

datee DT UT Ju l ia n Day nuaber  of s t a tu*  of 
(1984)) s t a r t end (-2440000) da tapo in ts the sys tea 

Jul yy  1 9 
20 0 
21 1 
22 2 
24 4 
26 6 
27 7 
28 8 
29 9 

Augg 0 4 
06 6 
07 7 
12 2 
13 3 
15 5 
16 6 
18 8 
28 8 
29 9 
31 1 

Sepp 0 1 
07 7 
08 8 
12 2 
21 1 
22 2 
23 3 
24 4 
27 7 
30 0 

Octt  0 1 
05 5 
07 7 
08 8 
10 0 
17 7 
30 0 
31 1 

Novv  0 1 
02 2 
03 3 
04 4 

8 8 
8 8 
8 8 
7 7 
8 8 
9 9 
9 9 
7 7 
9 9 
7 7 
6 6 
9 9 
7 7 
5 5 
8 8 
7 7 
8 8 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
4 4 
6 6 
3 3 
3 3 
7 7 
2 2 
3 3 
5 5 
4 4 
3 3 
2 2 
2 2 
3 3 
0 0 
1 1 
4 4 
0 0 
1 1 
0 0 

37 7 
47 7 
27 7 
47 7 
50 0 
15 5 
05 5 
09 9 
23 3 
29 9 
27 7 
17 7 
16 6 
57 7 
15 5 
57 7 
52 2 
55 5 
54 4 
25 5 
44 4 
54 4 
25 5 
25 5 
17 7 
29 9 
50 0 
07 7 
52 2 
07 7 
30 0 
14 4 
53 3 
55 5 
55 5 
17 7 
59 9 
42 2 
39 9 
47 7 
14 4 
56 6 

9 9 
8 8 
9 9 
9 9 
8 8 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
8 8 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
8 8 
8 8 
7 7 
8 8 
8 8 
7 7 
6 6 
5 5 
9 9 
5 5 
5 5 
7 7 
8 8 
5 5 
8 8 
7 7 
6 6 
6 6 
5 5 
6 6 
6 6 
5 5 
6 6 

39 9 
50 0 
20 0 
18 8 
52 2 
17 7 
07 7 
03 3 
25 5 
06 6 
27 7 
19 9 
53 3 
28 8 
21 1 
03 3 
21 1 
39 9 
26 6 
51 1 
53 3 
52 2 
29 9 
29 9 
33 3 
23 3 
45 5 
12 2 
45 5 
11 1 
35 5 
03 3 
23 3 
52 2 
07 7 
57 7 
13 3 
34 4 
33 3 
21 1 
52 2 
10 0 

5900.859-90 2 2 
5901.866-86 8 8 
5902.852-88 9 9 
5903.824-88 8 8 
5905.868-87 0 0 
5907.885-88 7 7 
5908.878-88 0 0 
5909.798-87 7 7 
5910.891-89 2 2 
5914.812-87 9 9 
5918.769-89 4 4 
5919.886-88 8 8 
5924.803-87 0 0 
5925.748-89 5 5 
5927.844-89 0 0 
5928.831-87 7 7 
5930.869-89 0 0 
5940.746-90 2 2 
5941.745-89 3 3 
5943.726-86 9 9 
5944.739-87 0 0 
5950.746-82 8 8 
5951.725-85 4 4 
5955.684-85 4 4 
5964.762-81 5 5 
5965.645-76 6 6 
5966.660-74 0 0 
5967.797-88 4 4 
5970.619-74 0 0 
5973.629-71 6 6 
5974.729-81 6 6 
5978.676-83 6 6 
5980.662-72 4 4 
5981.621-86 9 9 
5983.622-79 7 7 
5990.637-79 0 0 
6003.541-75 9 9 
6004.570-73 2 2 
6005.693-77 3 3 
6006.532-76 5 5 
6007.551-74 4 4 
6008.539-75 7 7 

142 2 
4 4 

106 6 
181 1 

4 4 
4 4 
4 4 

166 6 
2 2 

200 0 
368 8 

4 4 
201 1 
270 0 
152 2 
152 2 
76 6 

400 0 
302 2 
408 8 
298 8 
266 6 
404 4 
430 0 
148 8 
352 2 
218 8 
280 0 
366 6 
226 6 
282 2 
470 0 
180 0 
766 6 
314 4 
350 0 
476 6 
380 0 
240 0 
628 8 
476 6 
400 0 

quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
outburs t t 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
outburs t t 
outburs t t 
quiescenc e e 
outburs t t 
outburs t t 
outburs t t 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
quiescenc e e 
outburs t t 
outburs t t 
quiescenc e e 
quiescenc e e 
superoutburs t t 
superoutburs t t 
superoutburs t t 
superoutburs t t 
superoutburs t t 
superoutburs t t 

33 Orbita l and superhump ephemerides 

Wee observed VW Hyi for 28 nights when it was in quiescence. We determined 22 times of 
maximumm light from the orbital brightness variations in the five passbands obtained during the 
individuall  nights (Table 2). In view of the variability of the shape of the orbital light curves (Fig. 1 
showss a selection of light curves obtained during individual nights) we decided to determine these 
timess by visual inspection of the data plots. We combined these times of maximum light with 73 
previouslyy published values (Marino & Walker 1974; Vogt 1974; Warner 1975; Haefner, 
Schoembss & Vogt 1979) to derive an updated linear orbital ephemeris: 

HJDmax=2440128.02407++ 0.074271038 E (1) 
99 4 

Thiss ephemeris is in agreement with that given by Vogt (1974). 
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Tablee 2. Times ot maximum light 
inn the orbital light curve. 

Cycle e 

77727 7 
77915 5 
77968 77968 
77969 9 
78264 4 
78265 5 
78278 78278 
78304 4 
78305 5 
78318 8 
78319 9 
78465 5 
78466 6 
78666 6 
78667 7 
78707 7 
78722 2 
78775 5 
78776 6 
78843 3 
78936 6 
78937 7 

HJD-2440000 0 

5900.885 5 
5914.485 5 
5918.785 5 
5918.861 1 
5940.772 2 
5940.844 4 
5941.813 3 
5943.742 2 
5943.817 7 
5944.782 2 
5944.860 0 
5955.700 0 
5955.778 8 
5970.632 2 
5970.708 8 
5973.675 5 
5874.790 0 
5978.725 5 
5978.801 1 
5983.777 7 
5990.684 4 
5990.757 7 

Forr six nights VW Hyi was observed when it was slowly declining from the maximum of the 
superoutburst.. which started near JD 2445999. The brightness variations of VW Hyi are then 
dominatedd by the superhumps, whose profiles show substantial variations as a function of both 
timee and wavelength. A detailed discussion of these variations will be given elsewhere (van 
Amerongenn et a!., to be published). Times of maximum light in the superhumps could be 
determinedd for 12 superhumps. These were combined with the times obtained from photometric 
observationss of the same superoutburst made at the South African Astronomical Observatory 
(SAAO)) (Paper III) . We find that the combined set of times of maximum light is described by the 
followingg ephemeris: 

HJDmax=2445998.443()++ 0.07714 E- 3.13x10 * E" (2) 
55 5 1 x 1(1 " 

Thee linear and quadratic terms (Fig. 2) of this ephemeris are in agreement with the values given 
byy Haefner et ai (1979). 

44 Quiescent orbital light and colour  curves 

Byy folding our quiescence data with the orbital ephemeris (equation 1) we derived the average 
lightt and colour curves of VW Hyi. Possible long-term variations of the average brightness of 
VWW Hyi, in combination with a non-uniform sampling over the orbital cycle, could give rise to a 
distortionn of the average light curve. We therefore made an iteration of this folding by including 
forr each night a zero-point shift relative to the average light curve obtained in the first folding. 
Thee results of these iterated foldings (in 30 phase bins) are shown in Figs 3 and 4. 

Thee amplitude of the pronounced hump in the average orbital light curves is wavelength 
dependentt (Table 3). 

Whenn the brightness variations of VW Hyi are normalized to the total amplitude of the light 
curve,, the slope of the fast-rising part of the hump [which starts at phase 0.73 in agreement with 
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Figuree 1. Sample of quiescent light curves (B band) of VW Hyi observed during three different nights, illustrating the 
short-termm (cycle-to-cycle and night-to-night) variability of the orbital humps: log F„  is plotted on the left-hand 
ordinatee in units of 1 mJy=10"26ergcm~2s"' Hz-1; the right-hand ordinate indicates the corresponding Johnson B 
magnitude. . 
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Figuree 2. Variation with the superhump cycle number of the difference O-C (in days) between the observed times of 
maximumm light of superhumps during the superoutburst near JD 2446000, and the values calculated for a linear 
least-squaress fit. A quadratic variation of O-C is apparent. Results from observatie 
andd our own observations are included in this diagram. 

tionss made by Warner (Paper III ) 
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Figuree 3. Average quiescent orbital light curves of VW Hyi, in the five passbands, obtained by folding all data (log F„ 
inn units of 1 mJy) using the ephemeris given in equation (1) after correcting data from individual nights for zero-point 
shiftss in the average brightness. Typical mean errors for the five passbands are indicated. 




























