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Chapterr 1 

11 Introductio n 

1.11 Cataclysmic variables 

Thee basic theoretical framework of our present ideas of the evolution of 
starss was developed in the early 1950's; a fundamental aspect of these 
ideass is that the evolution of a star proceeds faster the more massive it 
is. . 

However,, this fundamental law of stellar evolution seems to be violated 
inn some close binary star systems. In these systems the less massive of 
thee two components is a subgiant, and therefore has evolved away from 
thee main sequence in the Hertzsprung-Russell diagram, whereas the more 
massivee component is still in its main-sequence stage of evolution. 

Thee solution of this so-called 'Algol paradox' (after the prototype 
off  these binary stars, Algol=/? Per) was found independently by Kopal 
(1954)) and Crawford (1955). They showed that in all these systems the 
lesss massive, but more evolved, component fills a certain critical surface 
(thee Roche lobe), critical in the sense that if the star were larger than this 
surfacee it would lose its surface layers due to the gravitational attraction 
off  its companion. 

I tt was soon realized that mass transfer due to Roche lobe overflow 
playedd an important role in the evolution of close binary systems. The 
firstt non-Algol system to be studied was AE Aqr (Crawford and Kraft 
1956),, in which a K-type star is accompanied by a hot blue star, which 
wee now know is an accreting white dwarf. AE Aqr is a member of the 
classs of variable stars called cataclysmic variables, after the apparently 
eruptivee nature of their brightness variations. These cataclysmic variables 
(CV's)) comprise the classical novae, recurrent novae (sub-divided into U 
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Gemm type, Z Cam type, and SU UMa type systems), and the nova-like 
variables. . 

Subsequently,, in a series of classical papers Kraft (1962, 1964) showed 
thatt all old novae and dwarf novae are probably binary stars with short 
orbitall  periods of the order of hours. 

Duringg the 1960's it became clear that the exotic behaviour of CV's 
iss caused by mass transfer and accretion (see e.g. Smak 1969). Accord-
ingg to the now generally accepted standard model of CV's (see Fig. 1) 
thesee objects are 'semi-detached' binary stars, composed of a low-mass 
(—11 M©) star near the main sequence (the secondary), and a white dwarf 
representingg the final stage of evolution of an intermediate mass star (ini-
tiall  mass ~8 M Q) . 

Thee secondary fills a critical equipotential surface (the 'Roche-lobe'), 
whichh has a single point in common with the equipotential surface around 
thee white dwarf. In this so-called inner Lagrangian point (L t) , the effec-
tivee potential has a saddle shaped extremum (it is a maximum along the 
linee joining the two stellar centers, on which Li is located). Because only 
onee of the stars fills its Roche-lobe the binary is 'semi-detached' (Fig. 1). 

A tt the inner Lagrangian point matter is no longer bound to the sec-
ondary,, but can stream freely into the Roche-lobe of the white dwarf. 
Ass it falls into the deep gravitational potential well of the white dwarf 
(ontoo whose surface it is finally accreted) a large amount of energy can 
bee released. This energy release, in the form of optical, UV, and X-ray 
emission,, usually dominates the luminosity of the two stars in the binary, 
sincee both are intrinsically faint objects. 

Cataclysmicc variables provide a relatively 'clean' environment for the 
studyy of mass transfer and accretion, and for this reason much of what is 
knownn about the mass transfer process has been learnt from observations 
off  cataclysmic variables. 

Recentt extensive reviews, describing the properties of CV's, have been 
givenn by Cordova and Mason (1983), Patterson (1984), Watson (1986), 
andd Van der Woerd (1987). 

1.22 Accretion disks 

Duee to the orbital motion of the two components in the binary, the mat-
terr released by the secondary has angular momentum with respect to the 
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FigureFigure 1. 
SchematicSchematic configuration of a cataclysmic variable in the orbital plane of 
thethe binary. The ratio of the mass of the white dwarf to the mass of the sec-
ondaryondary is q=Mwtj/M2=5. The stream of matter (S) leaves the secondary 
(Mi)(Mi)  at the inner Lagrangian point (L\) of the Roche-lobe (RL), and upon 
hittinghitting the accretion disk (AD), forms a bright spot (BS). In the accretion 
diskdisk matter slowly spirals inward, until it is finally accreted by the white 
dwarfdwarf (WD). 
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whitee dwarf, and therefore cannot fall radially onto it. Actually, since the 
whitee dwarf is rather small, it will be missed by the stream of overflowing 
matter,, which will , instead, settle initiall y into a ring-like configuration 
aroundd the white dwarf. In this ring the matter moves in near-Keplerian 
orbitss at a distance from the white dwarf roughly determined by its spe-
cificc angular momentum at the inner Lagrangian point. 

I tt is generally thought that viscous processes wil l tend to damp out the 
shearingg motion present in the Keplerian differential rotation of the mate-
riall  in this ring, leading to exchange of angular momentum. Matter that 
losess angular momentum diffuses inward, while matter that gains angular 
momentumm moves outward. Thus the ring spreads out into a 'disk-like' 
configuration,, the accretion disk (see Pringle (1981) and Verbunt (1982) 
forr recent reviews on accretion disks). 

Ass this process continues part of the matter transferred from the sec-
ondaryy diffuses inward untill it finally reaches the white dwarf. The an-
gularr momentum that is transported outward is converted into orbital 
motionn through tidal interaction between the outer parts of the disk and 
thee secondary star. 

Also,, material at the outer edge of the disk interacts with the stream 
off  matter, coming from the secondary, which has relatively low specific 
angularr momentum. As a result the accretion disk is forced to stay within 
somee maximum outer radius. 

Suchh accretion disks, in which matter transferred from a companion 
starr slowly spirals inward in near-Keplerian orbits, are also found in other 
typess of semi-detached binary systems, e.g. the low-mass X-ray binaries: 
heree the compact star is a neutron star. 

1.33 Standard 'a-disks' 

Stationaryy inward diffusion of matter through a disk-like configuration 
aroundd an accreting star is described in the accretion-disk model of Shakura 
andd Sunyaev (1973), which is based on a number of assumptions, which 
leadd to great simplifications in the hydrodynamic equations for the disk 
structure. . 

Thee first assumption is that the disk is axisymmetric. This assumption 
impliess that the gravitational influence of the secondary, and the effect of 
centrifugall  and Coriolis forces due to the binary rotation, are neglected. 
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Forr the inner part of the disk this is a reasonably good approximation; 
however,, the tidal effect of the secondary leads to a breakdown of this 
assumptionn in the outer part of the disk, which may be deformed. The 
secondd assumption is that the disk is thin, i.e. the ratio of the disk 
thicknesss to radial distance from the white dwarf is much smaller than 
unity.. As a consequence energy transport within the disk need only be 
consideredd in the direction perpendicular to the disk. A third assump-
tionn concerns the viscous processes that drive the inward flow of matter 
throughh the disk. An estimate of the efficiency of this viscous process can 
bee obtained from the diffusion time scales for matter to travel through a 
diskk (as measured e.g. by the decay time of dwarf nova outbursts (Bailey 
1975).. These estimates show that molecular viscosity is insufficient by 
manyy orders of magnitude. Clearly, much a more efficient process must 
bee invoked to account for the observed properties of accretion disks. The 
naturee of this process has not yet been established unambiguously. How-
ever,, it is generally believed to be related to turbulence, and/or magnetic 
fieldsfields in the disk. 

Too make the calculation of the structure of accretion disks manageable, 
Shakuraa and Sunyaev made the key assumption that locally the viscosity 
inn the disk is proportional to the pressure. This description of viscosity 
iss similar to that often used in models of turbulent processes. After the 
constantt of proportionality, a, the accretion disks described by the model 
off  Shakura and Sunyaev are often called a-disks. 

Thesee disks are thin, and slightly concave, with a local thickness (H) 
thatt varies with the radial distance (R) from the central white dwarf as 
HH oc R9'8. 

Fromm the assumption that the disk is stationary its radial (effective) 
temperaturee distribution can be derived. Half the gravitational potential 
energyy that is released locally in the disk, is radiated away, the other 
halff  is converted into kinetic energy of the infalling matter, which moves 
inn almost Keplerian orbits. (It follows that half of the total available 
gravitationall  energy is released when the matter is finally accreted onto 
thee white dwarf.) Part of the locally released gravitational potential en-
ergyy is transported outward through the disk due to the viscous pro-
cesses,, so that in the outer disk regions more energy is radiated away 
att the surface than is locally released, while in the inner disk regions 
thee opposite is the case. This leads to a radial distribution of the effec-
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tivee temperature Te/f approximately according to Teff ex M1^4 x M x 
R"3/44 x (1 - ( i?w/ i2)1 / 2)1 / 4. 

Forr typical mass transfer rates M ~ 101 6 - 17 g/s the outer parts of the 
accretionn disk (with radii of 2-5 xlO5 km) are rather cool (Teff ~ 104 

K) ,, and radiate mainly in the optical passband. The inner disk (with 
aa radius of ~ 104 km and temperatures up to 106 K) dominates the 
ultraviolett emission. X-rays are generated predominantly in the boundary 
layerr between the accretion disk and the white dwarf. 

1.44 Observed properties and evolution of cataclysmic 
variables s 

Sincee the optical (and UV) brightness of cataclysmic variables is domi-
natedd by the emission from the accretion disk, the spectral energy dis-
tributionn of CV's is quite different from that of a star. For instance, in 
manyy cases the spectra show strong emission lines, particularly from the 
Balmerr series. Because of the approximately linear relation between or-
bitall  period and mass of the secondary, and the strong increase of the 
secondary'ss luminosity with its mass, the presence of the secondary can 
bee deduced from the optical spectrum for orbital periods exceeding ~6 
hours. . 

Thee optical brightness of many cataclysmic variables shows a regular 
variationn with orbital period. For cataclysmic variables with sufficiently 
highh inclinations of the orbital plane the accretion disk is eclipsed by the 
secondary.. Information on the brightness distribution of the accretion 
diskk can be obtained, in principle, from the detailed eclipse light curves. 
Thiss 'eclipse mapping' method, developed by Home (1985) has so far been 
appliedd to only a small number of systems. 

Inn cases that eclipses have been observed, it is found that a 'hump' 
occurss in the light curve a few tenths of a cycle before the eclipse of the 
accretionn disk and the white dwarf. This hump is due to emission from a 
'hott spot' at the outer rim of the disk where the disk is hit by the stream 
off  matter coming from the secondary. Release of the kinetic energy of 
thiss stream in a shock makes this collision area appear as a bright spot. 

Orbitall  periods have been determined so far for more than hunderd 
cataclysmicc variables, mainly from regular variations of the optical bright-
nesss and radial velocity (see Ritter 1987). The distribution of orbital pe-
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FigureFigure 2. 
TheThe distribution of orbital periods of cataclysmic variables (from Ritter 
1987). 1987). 

riodss is shown in Fig. 2, from which it appears that almost all systems 
havee periods between ~ 1 and 10 hours. The distribution appears to be 
splitt into two groups by the so-called 'period-gap' between ~ 2 and 3 
hours,, in which interval very few cataclysmic variables have been found 
soo far. 

Thee mass of the secondary star in cataclysmic variables (a few tenths 
off  a solar mass) is generally smaller than that of the white dwarf. Under 
thee assumption that no mass or angular momentum is lost from the system 
itt can be shown that the transfer of mass from the secondary to the white 
dwarff  leads to an increase of the separation between the two stars. As 
aa result the secondary becomes smaller than its Roche lobe. One would 
thereforee expect that mass transfer is self-quenching. It follows that one 
needss a mechanism that can keep the two stars together. 

Onee mechanism which applies to systems with orbital periods in excess 
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off  about half a day is the evolutionary expansion of the secondary during 
itss ascent along the giant branch. 

Anotherr mechanism, effectively operating in short-period systems, is 
thee loss of orbital angular momentum due to the emission of gravitational 
radiationn (Kraft et al. 1962) predicted by general relativity and recently 
confirmedd from the observed decay of the orbit of the Hulse-Taylor binary 
radioo pulsar (Hulse and Taylor 1975). 

Ann important consequence of gravitational radiation is that the orbital 
separationn decreases with time, so that a cataclysmic variable evolves 
towardd shorter orbital periods. Detailed calculations of the evolution of 
aa cataclysmic variable in which mass transfer is driven by gravitational 
radiationn show that sustained mass transfer can be explained in this way. 

I tt is of interest to compare the mass transfer rates expected from this 
evolutionaryy model with observed values. From the discussion above it 
followss that the (bolometric) luminosity of the accretion disk is propor-
tionall  to the mass-accretion rate, and the mass of the white dwarf. 

Inn general the bolometric luminosity of a CV is hard to determine, 
andd mass transfer rates from observed luminosities are rather uncertain. 
Nevertheless,, from a survey of Patterson (1984), there appears to be an 
averagee empirical relation between the mass-transfer rate and the orbital 
periodd P of the binary. 

M=M=  6 x 10-12 x ( J i - ) "M 0 j / r - 1 

Deviationss from this relation up to one order of magnitude may occur, 
substantiallyy larger than the observational uncertainty. 

Thee observed average mass transfer rates are much larger than those 
expectedd on the basis of loss of orbital angular momentum due to gravita-
tionall  radiation, in particular for systems above the period gap. It appears 
thatt an additional angular-momentum loss mechanism is required; it is 
generallyy accepted that magnetic braking of the secondary star (which is 
keptt in corotation by tidal forces) is responsible for the fast orbital decay 
off  CV's (see Verbunt and Zwaan 1981). 

Thiss evolutionary scenario for CV's can provide an explanation for 
thee gap in the distribution of orbital periods, if it is assumed that when a 
systemm has reached a period of ~3 hours magnetic braking stops, possibly 
becausee the secondary star becomes fully convective. 
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Thee secondary star, untill then slightly out of thermal equilibrium (due 
too the loss of mass), and therefore somewhat larger than the equilibrium 
sizee appropriate to its mass, wil l shrink to within its Roche lobe. Mass 
transferr wil l then stop completely, and not resume untill the system has 
shrunkk so far (due to the emission of gravitational radiation alone) that 
thee secondary fills its Roche lobe again. The corresponding orbital period 
iss ~2 hrs. Thus, in this model, systems with periods between ~ 2 and 3 
hrss exist, but mass transfer does not occur, so that they are not observed 
ass CV's. 

Theree exists a minimum orbital period (at ~80 minutes), which is 
aa result of the fact that the secondary's mass becomes so small that 
hydrogenn burning in its core stops. The secondary becomes degenerate, 
andd its radius wil l increase as its mass decreases. As a consequence the 
binaryy system reacts to mass transfer by an increase of orbital period, 
andd very low mass transfer rate, which makes it extremely difficult to be 
detected. . 

1.55 Different types of cataclysmic variables 

Cataclysmicc variables can be divided into several groups according to 
differentt observational criteria. An important classification criterion is 
relatedd to the variability characteristics of the system. In this way one 
distinguishess e.g. old novae, dwarf novae, and nova-like variables. 

Inn the old novae only one 'classical nova outburst' has been observed, 
duringg which the system brightness increases by typically more than 10 
magnitudes.. These classical nova outbursts are the result of thermonu-
clearr hydrogen flashes in material accreted onto the white dwarf, which 
recurr at intervals of 104 -5 years. 

Thee nova-like variables have colours and optical spectra similar to 
thosee of the old novae; however, in these systems the nova explosion has 
nott been observed (it presumably occurred a long time ago). 

Dwarff  novae are characterized by irregular 'outbursts', during which 
theirr brightness increases by one to two orders of magnitude above a qui-
escentt level. These outbursts typically last 1-10 days, and are separated 
byy quiescent intervals ranging between weeks up to years during which 
thee brightness is fairly constant (see Fig. 3). Dwarf nova outbursts are 
duee to a sudden increase of the rate of mass transfer through the disk, 
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FigureFigure 8. 
PartPart ofthe light curve of the dwarf nova SS Cygni collected by the Amer-
icanican Association of Variable Star Observers (AAVSO) in the Johnson 
V-bandV-band (Mattei 1988). In this dwarf nova the outbursts last for about 1 
toto 2 weeks, they recur at intervals between about 1 and 2 months, and 
havehave an amplitude of about 8.5 to 4 magnitudes. 

andd accretion onto the white dwarf. 

Cataclysmicc variables can also be distinguished according to the mag-
neticc field strength of the accreting white dwarf. The first magnetic CV, 
AMM Her, was discovered in 1977. AM Her is a variable star and a rel-
ativelyy bright X-ray source whose intensity varies with a period of 3.1 
hours.. Its optical brightness, polarization, and radial velocity vary with 
thee same period. 

Thesee correlated phenomena can be understood when the magnetic 
fieldfield of the white dwarf in this system is sufficiently strong to channel the 
accretionn predominantly onto the magnetic poles of the white dwarf, as 
soonn as it has left the secondary. Interaction between the white-dwarf 
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magneticc field and the secondary star leads to synchronization of the 
white-dwarff  rotation rate with the orbital frequency: the white dwarf is 
phase-lockedd in the binary. In these magnetic CV's, which we call polars, 
orr AM Her type systems after the prototype, the white-dwarf magnetic 
fieldfield prevents the formation of an accretion disk. About a dozen of such 
systemss are at present known. 

Inn a second type of magnetic CV's, the so-called intermediate polars, 
orr DQ Her type systems, the white-dwarf rotation frequency is much 
higherr than the orbital frequency. The rotation period of these magnetic 
whitee dwarfs is observable through periodic variations of the X-ray and 
opticall  brightness, with periods between about half a minute and half an 
hour. . 

Inn these systems (thirteen are known at present) the influence of the 
white-dwarff  magnetic field does not extend all the way to the secondary, 
andd at least the outer parts of an accretion disk can probably be formed. 
Thee disk is bounded at the inner side by the magnetosphere around the 
whitee dwarf, within which the inflowing matter follows the magnetic field 
lines,, and accretes onto the white dwarf near the magnetic poles. 

Lik ee in the non-magnetic CV's a bright spot is probably formed at 
thee outer disk edge where the stream of matter from the secondary hits 
thee disk. Thus, in these systems one finds optical brightness variations at 
bothh the orbital and the white-dwarf rotation periods (see Fig. 4). 

Theree is a systematic difference between the orbital period distribu-
tionss of the polars and the intermediate polars (see Fig. 5). Intermediate 
polarss tend to have orbital periods above the period gap, whereas for 
polarss it is the other way around. As suggested by Chanmugan and Ray 
(1984),, and King et al. (1985) this can be understood as the result of 
thee long-term evolution of these systems, during which the separation 
betweenn the components decreases as a result of loss of orbital angu-
larr momentum. Then, for a given value of the magnetic moment of the 
whitee dwarf, the size of its magnetosphere (within which the motion of 
thee transferred matter is determined by the magnetic field), relative to 
thee orbital separation, increases. Phase locking of the white dwarf to 
thee orbital frequency wil l then occur preferentially for systems with short 
orbitall  separations, i.e. periods. 
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FigureFigure 4-
SimulationSimulation of the (V-band) light curve of the intermediate polar 
H2252-035H2252-035 with parameters (amplitudes, phases) derived from observa-
tions.tions. It contains three modulations: the orbital modulation of the binary 
atat 8.6 hours, the white dwarf rotation modulation at 18.4 minutes, and 
thethe beat modulation between these two periods, at 14.S minutes. 
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FigureFigure 5. 
PeriodPeriod distributions of the magnetic cataclysmic variables, (a) AM Her 
typetype systems (polars), with white dwarfs synchronously rotating with the 
orbitalorbital revolution; (b) DQ Her type systems (intermediate polars), with 
non-corotatingnon-corotating white dwarfs. 
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1.66 Long-term observations 

Inn my thesis I present results of long-term optical monitoring of two of 
thee above described types of cataclysmic variables, i.e. dwarf novae, and 
intermediatee polars. 

1.6.11 Long-term monitor in g of dwar f novae 

Thee dwarf-nova observations were aimed at understanding the mecha-
nismm that causes the outbursts, for which two types of models have been 
proposed. . 

Inn the mass-transfer instability model (Bath 1975) a suddenly increas-
ingg mass-transfer rate from the secondary results in an outburst, as the 
matterr flows through the disk and accretes onto the white dwarf. In this 
modell  the disk is assumed to be 'passive', and always tranfers the mass 
att a rate which is determined by the secondary. 

Inn the disk-instability model (Osaki 1974; Meyer and Meyer-Hofmeister 
1981,, 1982) the mass-transfer rate from the secondary is more or less 
constant,, but the accretion disk undergoes a limi t cycle with alternating 
statess of high and low mass-transfer (through the disk). 

Theree are a number of potential tests of these models (see e.g. the 
revieww by Verbunt 1986). One of these tests is concerned with the quies-
centt behaviour of dwarf novae, for which the two types of models make 
differentt predictions. 

Inn the disk instability model the rate (Mo) at which the secondary 
transferss mass to the white dwarf is constant. However, the rate at which 
thiss matter is transferred inward through the disk is smaller than Mo-
Therefore,, in quiescence the surface density in the disk increases. As a 
resultt the disk becomes brighter. 

Thee expected variation of disk brightness depends on the details of 
thee physical assumptions which are made with regard to e.g. the opacity 
off  the disk material. From theoretical long-term light curves of dwarf 
novae,, calculated according to this type of model (see e.g. Meyer and 
Meyer-Hofmeisterr (1984), Mineshige (1986)), it appears that the typical 
increasee of the optical brightness of the disk during quiescent intervals is 
off  the order of 0.5 to 1.0 magnitude. 

Accordingg to the mass transfer instability model the brightness of the 
diskk simply reflects the rate at which matter is lost from the secondary 



1.61.6 Long-term observations 15 5 

star.. No systematic trend in disk brightness is then expected between 
outbursts.. Only until the disk has reached equilibrium after outburst a 
declinee of its luminosity wil l occur. 

Inn Chapter 2-4 the results are described of long-term observational 
studiess of the dwarf novae VW Hyi, and Z Cha. The observations of 
VWW Hyi were part of an international campaign of X-ray, UV, and op-
ticall  observations. The results of this campaign show no evidence for a 
systematicc brightening of VW Hyi in quiescence, in either X-ray, UV, or 
optical.. For the X-ray and UV observations see Van der Woerd and Heise 
(1987),, Verbunt et al. (1987), and Polidan and Holberg (1987). The up-
perr limi t to a variation in optical brightness is 0.15 mag (3cr) over a full 
interoutburstt interval. 

I tt could be argued, that the disk in VW Hyi becomes systemati-
callyy brighter between outbursts, but that the total system brightness 
remainss approximately constant, e.g. due to a compensating decrease of 
thee brightness of the white dwarf, which might become hot during an 
outburstt and afterward cool significantly. This possibility has been inves-
tigatedd by long-term observations of the dwarf nova Z Cha, whose orbital 
inclinationn angle is so large that eclipses of the disk and the white dwarf 
occur.. This allows the separate determination of the brightness of the ac-
cretionn disk and the white dwarf. From these observations we found that, 
apartt from a short time interval of a few days after an outburst, neither 
thee disk nor the white dwarf vary significantly. Thus, the disk-instability 
modell  in its present form can not account for the observed absence of a 
secularr quiescent flux increase. 

1.6.22 Long-term observations of i n t e rmed ia te po lars 

Thee white dwarfs in CV's accrete not only mass but also angular momen-
tum.. If the specific angular momentum of the accreted matter is higher 
(lower)) than that of the white dwarf, the white dwarf wil l spin up (down). 

Thee value of the specific angular momentum is determined by the 
Keplerr frequency at the distance from the white dwarf at which the in-
flowingflowing matter becomes connected to the white dwarf. In the case of 
aa strongly magnetized white dwarf this distance is similar to the radius 
off  the magnetosphere. One would therefore expect that the rotation fre-
quencyy of the accreting white dwarf wil l tend toward an equilibrium value 
whichh wil l be of the order of the magnetospheric Kepler frequency; this 
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equilibriumm frequency wil l depend on the strength of the white-dwarf 
magneticc field, and the mass accretion rate. It wil l change if, e.g., the 
accretionn rate changes. One expects such changes to occur due to the 
secularr evolution of the binary, that occurs on a time scale of the order 
off  108 years. 

Thee spin history of the white dwarf can be studied in the intermediate 
polarss through long-term observations of the pulsations. Such long-term 
studiess are the second subject of this thesis. The main results of this 
project,, which are described in Chapter 6 and 7, are that the rotation 
periodss of all well studied intermediate polars change on time scales of 
lesss than ~ 105 to 106 years, much shorter than the (evolutionary) time 
scale. . 

Thee most straightforward explanation for the relatively rapid pulse 
periodd changes is that the mass transfer rate varies on this short time 
scale.. Since it is unlikely that these variations are related to the high 
magneticc field of the accreting white dwarf, it follows that rapid variations 
inn M are probably present in all CV's. 

1.77 Serendipitous results 

1.7.11 Superhumps durin g a superoutburst of V W Hy i 

Duringg our monitoring observations of the dwarf nova VW Hyi, this sys-
temm underwent a so-called superoutburst. This type of outburst which 
hass been observed only in systems below the period gap (the so-called SU 
UM aa systems (see Vogt (1980), Patterson (1984)) differs from the 'nor-
mal**  outbursts by their much longer duration (~2 weeks, vs a few days 
inn a normal outburst), their higher maximum brightness, and their much 
longerr recurrence times. 

I tt has been established that these superoutbursts have a precursor, 
whichh has all the properties of a normal outburst. This has led to the 
ideaa that superoutbursts are somehow triggered by a normal outburst. 

AA striking property of superoutbursts, which sets them apart from the 
normall  outbursts, is the presence of the so-called superhumps. These are 
regularr variations of the optical brightness with a period that is a few 
percentt longer than the orbital period of the binary (see Warner (1985) 
forr a recent review of the superhumps). 

Thee super hump modulation appears in systems, independent of the 
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orbitall  inclination; it is therefore probably an intrinsic brightness vari-
ationn of the system, and is not, like the orbital hump observed during 
quiescence,, caused by purely geometrical effects. These superhumps have 
forr a long time remained an enigma; only very recently some more de-
tailedd models have been proposed for superoutbursts and superhumps 
inn terms of enhanced mass-transfer from the secondary star, which can 
explainn some of the observations. 

Fromm numerical simulations Whitehurst (1988) found that in a burst of 
mass-transferr the accretion disk is eccentric and that due to tidal forces 
exertedd by the secondary, it undergoes precession with a long period, 
whichh he identifies with the beat period between the orbital and super-
humpp periods. 

Accordingg to this model the superhumps are the result of variable 
tidall  forces in the disk, which give rise to a modulation of the effective 
viscosity,, as a result of which the mass flow in the disk is modulated. 

Mineshigee (1988) proposed that the superhumps are due to a peri-
odicc modulation of the mass transfer rate from the secondary to the disk 
(duringg a mass-transfer burst), as a result of a variable heating of the 
secondaryy by UV radiation from near the white dwarf. This variation is 
causedd by an (assumed) azimuthal variation of the height of the rim of 
thee (slowly precessing) disk. 

Ann unexpected result of our observations of VW Hyi in superoutburst 
(describedd in Chapter 5) is the very strong colour variation near the peak 
off  the superhump, which can be described as a progressive delay of the 
superhumpp as one observes it at longer wavelengths. In the V band the 
superhumpp peaks later than in the W band, by 0.06 cycle. 

Mineshigee (1988) argues that this progressive delay with wavelength 
off  the peak of the superhump can be accomodated within the framework 
off  the modulated-mass-transfer model of superhumps, by distinguishing 
twoo regions in the disk. These are the bright spot, which adapts more 
orr less instantaneously to the mass-inflow variations, and the outer disk 
regionss whose heating by the energy input from the flow is delayed by a 
timee interval of the order of the Kepler period at the outer disk edge. 

1.7.22 O u t b u r st in i n te rmed ia te po lars 

Ann unexpected result of our long observations of intermediate polars (de-
scribedd in Chapter 8 and 9) was the detection of brief outbursts (flares) 
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inn the systems TV Col and V1223 Sgr. One such flare had been observed 
before,, in TV Col, simultaneously in optical and UV radiation (Szkody 
andd Mateo 1984). In one week of Walraven observations of TV Col we 
encounteredd two flares; the second of these was also monitored with a 
spectrograph.. The flare from V1223 Sgr was detected during a one-week 
spectroscopicc study. 

Fromm the analysis of the photometric and spectral data of these flares 
i tt is clear that they are remarkably similar to each other, but differ sub-
stantiallyy from dwarf novae outbursts: (l ) The flares last for at most half 
aa day, whereas dwarf nova outbursts last for a few days. (2) The flares 
havee an optical amplitude of about 1-2 magnitudes, while dwarf nova out-
burstss typically reach amplitudes of between 2 and 5 magnitudes. (3) The 
spectrall  behaviour of these flares differs strongly from that of dwarf novae. 
Thee characteristic spectral reddening seen during the rise of dwarf-nova 
outburstss is absent. Also, the line emission during the flares increases, 
whereass in dwarf nova outbursts the emission lines disappear, and change 
intoo absorption. 

Wee argue that, in spite of these differences, it is possible that the 
mechanismm that gives rise to these flares is the same as for dwarf novae; 
thee difference may be related to the absence, in intermediate polars, of 
thee inner regions of the accretion disk. 

Acknowledgments s 

II  acknowledge the AAVSO observational data sent to me by the Director, 
Janett A. Mattei. 

References s 

Bailey,, J., 1975. J. Brit . Astron. Assoc, 86, 30. 
Bath,, G.T., 1975. Mon. Not. R. astr. Soc, 171, 311. 
Chanmugan,, G. & Ray, A., 1984. Astrophys. J., 285, 252. 
Cordova,, F.A. & Mason, K.O., 1983. Accretion Driven Stellar X-ray 

Sources,, p. 147, eds Lewin, W.H.G. & van den Heuvel, E.P.J., 
Cambridgee University Press, Cambridge. 

Crawford,, J.A., 1955. Astrophys. J., 121, 71. 



1.71.7 Serendipitous results 19 9 

Crawford,, J.A. & Kraft, R.P., 1956. Astrophys. J., 123, 44. 
Home,, K.D., 1985. Mon. Not. R. astr. Soc, 213, 129. 
Hulse,, R.A. & Taylor, J.H., 1975. Astrophys. J., 195, L51. 
King,, A.R., Frank, J. & Ritter, H., 1985. Mon. Not. R. astr. Soc, 

213,, 181. 
Kopal,, Z., 1954. Liege Memoires, 15, 684. 
Kraft,, R.P., 1962. Astrophys. J., 135, 408. 
Kraft,, R.P., Mathews, J. & Greenstein, J.L., 1962. Astrophys. J., 

136,, 312. 
Kraft,, R.P., 1964. Astrophys. J., 139, 457. 
Mattei,, J.A., 1988. AAVSO observations, private communication. 
Meyer,, F. &; Meyer-Hofmeister, E., 1981. Astr. Astrophys., 104, L10. 
Meyer,, F. & Meyer-Hofmeister, E., 1982. Astr. Astrophys., 106, 34. 
Meyer,, F. & Meyer-Hofmeister, E., 1984. Astr. Astrophys., 132, 143. 
Mineshige,, S., 1986. Publ. astr. Soc. Japan, 38, 831. 
Mineshige,, S., 1988. Astrophys. J., 335, in press. 
Osaki,, Y., 1974. Publ. astr. Soc. Japan, 26, 429. 
Patterson,, J., 1984. Astrophys. J. Suppl., 54, 443. 
Polidan,, R.S. & Holberg, J.B., 1987. Mon. Not. R. astr. Soc, 225, 131. 
Pringle,, J.E., 1981. Ann. Rev. Astr. Astrophys., 19, 137. 
Ritter,, H., 1987. Astr. Astrophys. Suppl. Ser., 70, 335. 
Shakura,, N.L & Sunyaev, R.A., 1973. Astr. Astrophys., 24, 337. 
Smak,, J., 1969. Non-Periodic Phenomena in Variable Stars, p. 345, 

ed.. Detre, L., Academic Press, Badupest. 
Szkody,, P. & Mateo, M., 1984. Astrophys. J., 280, 729. 
Verbunt,, F. & Zwaan, C, 1981. Astr. Astrophys., 100, L7. 
Verbunt,, F., 1982. Space Sci. Rev., 32, 379. 
Verbunt,, F., 1986. The Physics of Accretion onto Compact Objects, 

p.. 59, eds Mason, K.O., Watson, M.G. & White, N.E., 
Springer-Verlag,, Berlin. 

Verbunt,, F., Hassall, B.J.M., Pringle, J.E., Warner, B. & Marang, F., 
1987.. Mon. Not. R. astr. Soc, 225, 113. 

Vogt,, N., 1980. Astr. Astrophys., 88, 66. 
Warner,, B., 1985. Interacting Binaries, p. 367, eds Eggleton, P.P. & 

Pringle,, J.E., Reidel, Dordrecht, Holland. 
Watson,, M.G., 1986. The Physics of Accretion onto Compact Objects, 

p.. 97, eds Mason, K.O., Watson, M.G. & White, N.E., 



20 0 11 INTRODUCTION 

Springer-Verlag,, Berlin. 
Whitehurst,, R., 1988. Mon. Not. R. astr. Soc, 232, 35. 
vann der Woerd, H. & Heise, J., 1987. Mon. Not. R. astr. Soc, 225, 141. 
vann der Woerd, H., 1987. DPhil thesis, University of Amsterdam. 


