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ABSTRACT. Exactly 25 years agn, Santiago Tapia
has detected cironlar and hnear polarzaticn of AM Her
varying with the same pericd as the photometric and
spectral characteristics. This had lead to a discovery
of nnprecedentedly exotic binary systerns, m which the
strength of the magnetic field & large enaigh to keep
the white dwarf in asynchronism, dominating the acre-
tion terque. Nowadays, about T representatives of this
class of pdars have been registered.

We review the history of stndy of polars, starting
with a *standard model”, acording to which, the red
dwarf filk its Roche lobe and the flow is captured and
channeleed by a magnetic field of the white dwarf
in the vicinities of the inner Lagrangian point. The
models of the * propeller”, *idling”, ¥ magnetic vale®,
Pewinging dipde”, *bdling asymmetric rainbow ool-
umn” are reviewed, with a special attenticn to the nn-
sohved problems of thi study - contradiction between
the observed synchronism of spin and orbital periads
of the white dwarf with a possible presence of the par-
tially ballistic trajectory of the accretion flow and pos-
sibly important contributions of the dipde and mul-
tipole components of the magnetic flelds; presence of
few mechanisms of himinosity variations; various types
and mechanism= o variability at different time =cales
from seconds to decades.

The monitring of AM Her (and later on ather ob-
jerts) has started in Odes=a in 1978 and was regularly
contimed in the Crimean Astrophysical observatary
since 1585. The results will be publehed in the * At-
laz and catalogne of the polarimetric and photomet-
ric characteristics” by N3 .Shakhovskoay, LL. Andronoy
and 5.V.Koksniknv., Dther papers absent in the
ADS are available via hitp://ila.pochiamt.on or
www.pacn.odessa.a/~ika.

Despite 25 years have pamed, these stars still ex-
hibit. new observational surprizes challenging theoreti-
cal modek.
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1. Introduction

AM Her - type stars are the class of systems, which
are intensely observed and modeled theoretically since

the dEcovery of linear and cirenlar polarization of their
emissicn mperimposed onto synchronons vardability of
the X-ray, optical and mnfrared Aux and characteris-
tics of the emimion lines. Thus these objects are often
called * palars”.

Despite the photometric variability of this system
was detected in 1524, the real progress in understand-
ing has begun in 1576, when the observations obtained
by various groups have lead to the development of =0~
called “standard modd” {Chanmgam and Wagner,
1977).

Acoarding, to it, these objects are highly magnetic
cataclysmic variables containing a red dwarf filling it's
Boche lobe, and of a white dwarf, the magnetic field of
which & sufficent to prevent frmation of the accretion
disk. The mbital periods lie within mterval: 20-120
minutes, with another group of *long-period” pdars
from another side of the #2-3 - hour period gap”.

However, AW Her itself, as well as other objects
of this class discovered later, exhibit variability in a
very wide range from seconds to decades. Thus it be-
came obvimiz, that an ntensive manitoring is needed
to check variations of the characteristics of the phase
ourves. Nowadays, about T representatives of this
clas of polars have been registered, bt anly few are
cbzerved more or less regularly.

The evohiticn of these object= & determined by the
angilar mamentum los= due to gravitational radiation
and magmetic stellar wind {=ee recent monographs by
Warner (1935) and Hellier {2001}).

A longterm photametric monitaing was initi-
ated by Professor V.P.Tsesevich {1907-1583) and
started I the Astronomical observatories of the
Odessa (L.L.Andronov, 5.V .Vasilieva, V.P.Tsesevich
1880, 1884 Andronov et al, 1983} and Kishinev
{V P.Smykov, L.IShakun, 1985} Universities. In 1585-
1587, it comtimied in the Abastumani astrophysical
cbzervatory. Since 1978, the polarimetric cbhzerva-
tions of AM Her and other polars have started i the
Crimean Astrophysical Observatory using 2.6m and
1.25m telescopes {(Yu.8.Efimov and N3 Shakhovskoy,
1881, 1982; V.Pifrdla et al.,, 1985). Since 1589, the
memitcring has moved to CrAQ completely. Altogether
aboat 300 nights of chservations have been obtained.
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In thiz paper, we present a brief review of the prop-
erties of polars with an ament to AM Her. Currently,
in the ADS are listed 605 papers corresponding to the
*object search” option * AM Her”, thus it & not poss-
ble to refer to all of thern. We also present a self-review
of the cbservational and theoretic resilts obtained by

owr research proup.

2. Long-term variability

The lng-term variations have been faind by Hudec
and Memunger {1576) o the Somneberg Sky Patrol
plates with switches between high and low himinos-
ity states. Feigelson et al. (1578} have measured the
Harvard plates and noted the brightness variations by
#2 3™ at the ez 100" time scale and more rapid (041)
variations by 1™. The latter anes are canzed by orbital
variability, whereas the lomg-term hminoeity varia-
tions may be a consequence of variable mass transfer.
Since 15976, the patrol brightness estimates of the star
are being made by varions observers, the longest data
set obtained by M. Verdenet [AFDQEV).

These variations have been recently analyzed by An-
dronov et al. {15537). The switches between the high
and low hninosity states are sometimes very rapid,
lasting down to ~ 3. However, such variability is su-
perimposed onto year-scale variations. Detailed study
of photometric and polarimeric curves is in preparation
by Shakhovskoy et al. {20013.

3. Orbital variability

The arbital variability and flickering was discovered
by Berg and Duthie {1576}, who first determined the
rbital period of 136 minntes. The compilation of
orves of phase variations of different phy=ical charac-
teristics was publehed by Priedhomsky et al. {1578Db).

An excellent estimate of the period made Szlod y and
Brownlee {1577}, who propesed an ephemeris

Min HJD = 3443014.71266 + 0.128527(2) - E (1)

The mnitial epoch for the pulse of the lmear polarea-
tion, which coincides with the zero crossing by the cir-
cular pdarization is T = 2443014.7647(5) (Tapia,
15773,

The recent ephemeriz for the phatometric V a B
minima cbhtained nsing 267 timings {1376-1993) corre-
spoaLds to

MinHJD = 2446637.0510(6) + 0112852711(3) - E,

'2)
where E' = E — 28196 {Andranov et al., 2002).
Fream 19 times of the minimum of the ciroular pdar-
Eaticn in the B band, Shakhovskoy et al {20017 derived
the ephemeri=

Mis.cirepol H D = 2450304.832378{43) +

+0412892T08R(66)(E — 56545). (D)

The phase of the polarizational minima, acoording to
the photametric ephemeris, is (.500(3), i.e. are accn-
rately i the oppoeite phase.

They also note the presence of phase shifis with a
typical cycle of rx 1100 — 12007, which were explaned
by the *swinging dipole” model {Andronoy 158 7a).

Despite these variations, the vahe of the photomet-
ric pericd is in an excellent agreement with the spectral
ephemerisz presented by Schwarz et al. {2002} fr the

SIperior conjimnction:

T H JD = 2446603.40308{35) + 0:1128527103(6) - E
(4)
Androncy, Vasilieva and Tsesevich (1980} have de-
tected drastic changes of the phase curves, with an ex-
treme case, when during two subsequent cycles, the
amplitude jumped fiom 075 to (™16. The tables
of cheervations cbtained in 1588-1585 and the atlas of
light curves was published by Andronoy, Vasilieva and
Teemsevich (1584). Based m these data, Andronov
{15625) obtamed statistical dependence of the phase
curve on hmingsity in the active and intermediate h-
minceity state. This dependence was continued to mi-
nor amplitude variations at the Jow state based oo the
cb=ervations obtained in Abastimani in 1585-1987.
Phenanendogical classificaticn of the characteristic
types of the light curves was presented by Shakhovsloy
et al. {1594). The atlas of the polargzatimmal and TTB-
VRI light curves is being prepared by Shakhovskoy et
al. (2001}.

4. Fast variability {*red noise”}

Individual light eurves of AM Her exhibit strong
Rickering, a= was first detected by Berg and Duthie
{1576}, Bailley et al. {15377 made an antocorrelation
analy=is and have shown, that the antocorrelation finc-
tion is characterized by an expaential decay with a
charactertic time = = 90 sec both in ¥V and B, despite
the cycle-to-cycle values are within the range from 30
to 200 sec. Kornilov and Moskalenko {1875} confirmed
this resilt and estimated a mean flare rate of 0.5 £0.3
sec, their mean duration of 20-25 sec and the degree
of emitted energy & (.3 £+ 0.2, Stockman and Sargent
{1879} found a large difference between the times in
¥V and I vv = 2B sec and vy = € sec. Subsequent
obzervational study of the fast variability was made by
Priedhorsky et al. {1978}, Szkody and Margon {1530)
et al. Panek (1580} argned for tran=formation of initial
plasma blob= into long {tidal mteraction) and thin {dis-
tance between the magnetic field lines decreases when
approaching the white dwarf} plasma *spaghetti®.

We have obzerved AM Her and a group of cata-
cly=mic variables with a time resohition from 12 =ec
{1.25m, TBVRI} to 1-4 sec {2.6m, B} (Shakhovskoy et
al, 1994, 2001}. The pericdograms show a presence
of the strong “red noke”, i.e. a systematic decrease
of the test function with trial frequency. This could
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be explained within the physical model of acoreting
*gpaghetties” {or “shot noEe™), or in a frame of math-
ematical model of first-arder anto-regressive processes.
Andronoy (1554 has derived precie firmilae for an-
tocrelation analysis, taldng into acoount the length
of the mun and removal of the long-periodic trend. This
method allowed to interpret minute-scale variability as
the *shot noise” withont quasi-periodic ecillations (as
cne conkd suppest using the fwmnlae for infinite wnde-
trended mms), and to detect variations of the model
characteristics of the with lnminosity. The values of +
ranged from 95 & 19 sec for high state to 38 £ 6 sec in
the low state.

Beardmre and Osbome {1957h) explained the hard
X-ray variability from the Ginga observations by shot
noke, with a time-scale of 7=, and a carelation be-
tween the hard X-ray and optical red variability. They
derived a blob length-scale of ~ 10'" cm, a blob radins
of 6-10° — 4. 10% cm, and a mass of ~ 10%g,

Using the “omrected ACF analysis" (Andronov,
15543, Halevin et al. (2000} have stndied phase-
dependent flickering activity in magnetic cataclysmic
variahles BY Clam and QQ YVl and estimated the char-
arteritic length of ?spaghetties”.

The scalegram analy=is of the optical data has shown
a power law character of the dependence of unbiased
estimate of the rn.s. deviation of the data from the
fit on the filter half-width At, which & valid for a re-
markably wide interval from 3 seconds to 10 years (7.5
rders of magnitude). This arpues for a presence of
variations at all time scales and a joint component act-
ing both in fast and slow variability {Andronov et al.,
13377.

The wavelet analy=i (Andronov, 1558, 1555) of AM
Her confirms, that irregnlar variability dominates over
po=ible periodic & quasi-periodic mcillations, except
at the arbital frequency and its first harmonic, as the
phase curve exhibits a donble-peaked behaviaur.

Some methods fr mathematical modelling of the
“red noise” have been elabarated and originally ap-
plied to AM Her, i.e. the periodogram-, scalegram-,
wavelet-, antocrelation-, principal component- anal-
yeis, a5 well as the determination of the characteristics
of the multicdor correlated and incorrelated variabil-
ity. They are briefly reviewed by Andronov {1558) and
camparatively described by Andronev {2001).

5. Fast quasi-periodic osdillations (PO}

Langer et al. ({1592} have theoretically shown the
po=ibility of excitation of the QP (= and thius second-
scale variability of the stmctnre of the accretion mol-
umn. According to thar computaticms, the period of
QP0= ' mversely proportional to the accretion rate
per unit area. Imamnura (1985 themetically studied
the stability properties of white dwarf radiative shods
and determined conditions needed to the excitation of

quasi-periodic oscillations.

Larsson et al.  {1950% disoemed the possibility of
mapping the accretion frow nsing the QP 0 studies dor-
g eclipse of the column by the white dwarf. Wi et al.
{1592} reviewed QP0s= in mapnetic catachsmic vari-
ahles.

Beardmare and Osborne (1597a) failed to detect 1-
¥ quasi-periodic oscillations in AM Her, EF Eri and
V334 Cen in the GINGA hard X-ray observations, giv-
ing npper linits of 4, 5 and 18 per cent, respectively.
However, such QPOxs are possible within these limits,
as, for EF Eri and V334 Cen the amplitude of QP (s
in the optical bands is 1-3%.

Tt shaukd be noted, that the density of the accretion
cohunn, even if to neglect blobby stocture, is not. con-
stant threugh the crom-section. Thus one may assume
cecillations of individual blobs at different frequencies,
what will significantly decrease the effect. There may
be additicnal types 3= variations of the structure,
which have been dism=sed by Andronov {1387h).

6. X-ray, UV, optical and IR emission
§.1. Observations

AM Her was detected as an X-ray source by Hearn et
al. {1976}, and since then i= one of the often observed
cbjects. X-ray properties of AM Heraile binaries have
been descaibed eg. by Benermann {1558).

Silber et al. {1556} made a fit for the ITTE and cur op-
tical data. The temperature of the white dwarf during
phases of low brightness is estimated to be of 20 Q00 K,
whereas at phases of brighter fix, a second canpo-
nent is present, which may be explained as a bright
spct with a temperature of 35 0005 Q00 K, which cov-
ers % 8% of the =murface.

Recently, de Marting et al. {15908} detected a deep
X-ray low state of AM Herculis with a flux decrease
by a factor of ¥ during 40 min. TT=ually, coronal emis-
gicm from the secondary may contribnte sipnificantly
during the inactive phase. The new BeppoSAX obser-
vations of AM Her (Mait et al., 200} show that during
an intermediate state, the smirce was in its ® normal®
cne-pole accretion mode. In the high state it switched
an atypical * two-pale” accretion mode, with significant
soft and hard X-ray emission fram both poles. How-
ever, the emisdion fraan the second pole is much softer
than that fraam the primary pole, suggesting the blobs
penetrating deeply in the photosphere.

Thus, the complete emssian contains at Jeast § com-

ponents, partially separated in wavelengths:

1. Cyclotron emimtion from the accretion cohimmn, in-
creasing fram viEnal to near-T8, bands;

2. Hard X-ray bremsstrahhing emisdon fram the
shodk;

3. Hard TV and soft X-ray nearly bladibody



10

{dessa Astronomical Publcations, vol. 14 (2001)

emisdon from  irradiating  the cyclotron  and
bremsstrahhing ememm by the white dwarf and
pos=ibly from the Jocal thermamclear reactions;

4. Secondary emizion of the accreting, stream above
the shadk and of the irradiated atmosphere of the

secondary;

5. Emission of the secondary filling its Roche lobe.

6.8, The polar cap model

Having no possibility to describe numerons modds of
X-ray emission, we point out two of themm. The model
of surface polar cap (Andronov, 1586b) used constant
and variable distribution of brightness and asmming
absorption in the accretion cohunn. It was shown on
the base of the X-ray curve publEhed by Hearn and
Richardscn (18777, that the accretion colimn is opti-
cally thick. Moremwer, the source of the emisdon is
extended in height and is amymmetric cwed to the in-
clination of the column.

Silber et al. {1596) modeled the TV spectrum within
the frame of toro-component. model, and estimated tem-
peratures of the white dwarf and of the heated spot.

The observed soft X-ray excess & owed to the blob
= type accretion instead of the hamogenems cohunn
(Andronov, 1987b; W et al., 1955} Most recent mod-
ek of the ionization stmcture of the acoretion region
are presented by Wn et al. {2001},

7. Polarization and rmagnetic field
of the white dwarf

Polarization of the emizion was dscovered by Tapia
(1577}, who noted a spike of Enear polaration with a
few minute duration, and contimons variations of the
cirailar pdarization. He suggested a mechaniz=m of cy-
clotron emission of plasma in the strong magnetic field.
Polarization decreases with wavelength, dizappearing
at A = 4000A. This allows to estimate an nupper valne
of the magnetic field of 270 M= (Kmsrewslkd, 1597E)
assuming that the emission oomrs at the cyclotron fre-
quency wg = €B fine, estimated it as 230 MGs.

The penetration and pdarization of emisicn in the
ccemic medinm was studied by Dolginev et al. {15750,

Asmming that the emission ocours at the cyclotron
frequency, which is dependent on the height above the
murface of the white dwarf, Priedharsky et al. {1578h)
have studied dependence on the wavelength of the po-
larization minimmm. Their condusion was that the
field strength varies with height mare slowly than ac-
crrding to the dipde ~ % law,

However, direct measmrements of the mapnetic field
from the Zeemnan absmpticns in the spectum of the
white dwarf diuring inactive state had lead to the con-
chisica, that the magnetic field in AM Her itself iz re-
ally much smaller, ie. only =~ 14MG= (Schmidt et al.,

1581).

8. Accretion column

The accreticn column is the main smirce of emis-
gicm, which excesds the emiszion of stellar compments
by a factor of few dozens. To interpret the correspond-
g variaticns, the relalistic models of the cohunn are
needed. A brief review of the models was presented
by Andronov {1590}, who studied the influence of the
mhomogendty of accretion cohunn aoto polarization
and spectrion of jis emismion. In statimery symmet-
ric madels, one shaukl asmme the temperature and
density structure. The observational spectra in both
polarizational modes are strongly dependent on these
assumptions. E.g, fr afinfte-width cohumn, the emts-
sicm is not dependent on optical thicknes », if + 3% 1.
Ceometrical effects of the inclination of the columns
were studied by Andronov (1586a).

For the colunns with gradually decreasing density,
the effective radins of the cohumn is dependent on the
density distributicn, wavelength, pdarization mode
and the angle between the cohimn and line of =sight.

Elliptic cohunns will produce an additional depen-
dence on the second angle between the major axis and
the projection of the line of sight onto the crom-section.

The dependence of the spectrum on the magnetic
field, as well as the vertical structure of the cohimn
may canse an effect of the *rainbow® cohumn, if the
spectrim contains strong cyclotron lines. This method
of determimation of the magnetic field strength i the
emisicn region was proposed by Mitrofanoy (15980)
and then widely nsed in the case of cyclotron emission
at few harmonics {cf. Cropper, 159807,

Non-stationery “bofling” colimns will significantly
chanpge the spectrum of the ontgoing radiation {An-
dronow, 1987h).

Ancther problem arizes, # the accretion column is
not single. In this case, the inverse problem of param-
eter determination becomes mich more nncertain, as
the inclined asymmetric cadumns may comespond to
magnetic poles of different strength, which are located
not exactly at the oppesite points of the white dwarf
{Km=rewsld, 1978; Piirola et al., 1985 Muslimov et
al., 1555 et al.}.

8. Bynchronization
4.1, Dhnole - sphere interaction

Cme of the most striking featnres of the polars is the
synchronism between the rotation of the white dwarf
and the orbital moticn. This class of binary stars is the
cly one, where such a synchronism exists, becanse the
anpnlar momentum of the infalling matter should be
canpenzated by sane ko= mechansm {e.g. Lipunov,
1987).

The fact. of synchronization is justified by the coin-



{Jdessa Astropomical Poblications, vol. 14 {2001)

11

cidence of the period of variations of polarization and
Xeray flux {originated near the white dwarf) with the
period of radial velocities measnred nxin g emnission lines
{dominating in the high state and originating in the ac-
cretica flow and heated part of the red dwarf) and ns-
ing the narrow ¥a lines {originating in the atmcephere
of the red dwarf and =een at the low hminceity state).

Despite it was obvimus, that thi=s synchroni=m is
cansed by a sufficient strenght of the magnetic fidd,
the first phy=ical model was propased by Joss et al.
{1878}, The accretion was neglected, the orbit was as-
sumed to be ciroilar, and the interaction between the
rotating white dwarf with a condncting sphere cansed
excitation of the Fancot currents, the OGhm dissipation
of which cansed heating of the atmosphere and thus
the decrease of rotation energy. However, the charac-
teristic times for such synchranieation are ~ 101! years
(5 - 10? yr= for most optimistic estimates of the mag-
netic field). This is too long to explain the exdstence of
the synchronim.

Andronov {1583) extended this model to the case of
elliptic orbits. Thi mechanizm lead= to the ciroilariza-
tion of orbits, but is much Jes= effective than the tidal

circularizaticn.
4.8 Mametic field - plavma stream intergction

Androncv (1882, 1987a) has proposed a #propeller”
model, ammuming that the accretion streamn & frosen
into magnetic field. An additional centrifugal farce
ejects the matter cansing decderation of the rotaticn.
The correspanding synchronization time & aly 6-260
years, i.e. < 10% years. This stage is similar to the
“propeller” stage in the systems {Hlarionov and Sun-
yaev, 1976}, but in the polars it differs by an absence
of symmetry of the stoucture of nfalling matter. Syn-
cronization with such characteristic time was fomd in
the Neva 1375 Cyg (V 1500 Cyg) (Pavlenke and Pelt,
1591} and BY Cam {an extensive observaticnal cam-
paipn of this star was organized by Silber et al,, 1557).

Other estimates of the synchrongaticon time were
larger ~ 10% — 10° years {Lamb et al., 1583). Recent re-

view of the situaticn may be fomd in the monographs
by Warner { 15595}, Camphell {1997% and Hellier {2001).

10. "Swinging dipole” rnodel
10.1. Magnetic intergction with secondary

An important question & the further evdution of
the rotation of the synchranking white dwarf. Wil it
be *phase-locked”, *idling” or *swinging” around same
equilibriim state?

Accmrding to Jom= et al. {1975}, the synchronization
leads to a phase-lodked state. However, there may be
damping cecillations of the orientation of the magnetic
axis aronnd the stable position with a characteristic
period of a dozen of years, ie. the *swingings".

10.8. "Magmetic malwe”

The model of structure of the accretion flow I the
vicinities of the immer Lagrangian paint in the pres-
ence of dominating mapnetic field was proposed by An-
dronov (18982a). The flow & maximal, when the mag-
netic fiekl near the nner Lagrangian point & oriented
along the line of centers, and vanishes, when they are
wrthogonal. Thus one may call this model *the mag-
netic valwe”

The drag force fram the accretion stream & ako de-
pendent. on the angle ¢ between the magnetic ads
and the line of centers. The equilibrinm positions are
i = 0% and o = 50° {Andronov, 1587a), which coincide
with that of the *dipole-sphere” interaction by Joe= et
al. {1578). A grid of models of orentation oscillations,
computed taldng into acomint both these effects in var-
jons proportions, has showm, that the period value is
dependent on the accretion rate and on the amplitude.
However, the equilibrinm position at ¢ = 90° oorre-
spads to the *mapnetic valve® dosed. However, the
theory of evohition predicts, that the mean accretion
rate shoukl be non-zero owed to gravitational radiation
and mapgnetic stellar wind {cf. Tutulowv and Yungedson,
1979; Warner, 1985). Thus should be the anto-excited
cecillations, during which the portions of plasma are
arcreted at a mean level cormmesponding to evohitionary
statns. The estimated value of the characteristic time
FPranged from 1 to 10 years.

10.8. Dpole-dipole fnteraction

In this model, the patential energy i= dependent on
arientations of both dipoles. Andranov {15955) has com-
puted a grid of time-dependent models. However, the
red dwarf has much larger mament of inertia then the
white dwarf, s0 the cycle f arientation variations is
~ § times larger then of the white dwarf. S5¢ the *free
cecillations” may be described as relatively slow varia-
tions of the red dwarf, and faster cycles of the primary
arcund slowly dhanging position of equilibrium. For
non-planar case, both the longitude and latitude chaot-
ically vary, with redstribution of ascillation energy be-
tween the two co-ordinates and two dipok. Sometimes
even the changing of the pole fadng to the larger star
oo e few dozens cycles. A very interesting phe-
nomenon, which should be searched m the chzerva-
tions!

Recent theory of the arientation chanpges was de-
scribed by Campbell (1557).

10.4. Qbservational tents

The *swinging dipole” mode may be tested by the
presence of the statistical dependence of the orbital
light curve on luminosity and characteristic time of its
variability. There are some observational facts, which
may give evidence on the type of dhanpges of the accre-
tion structire in AMW Her:
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1 Lomp-term variations of the honinosity;

2 Long-term variations of the shape of the phase
ourves of varions physical characteristics;

3 Statwtical hmminosity dependence of the phase

CIITVES.

The sy=tematic stidy of the phase characteristics has
begin with the monitoring, what lead to detection of
the statistical dependence of the phase oirve an himi-
nosity at high and intermediate state {Andronov 1585).
The phases underwent 3yr modulation, just in the
middle of theoretically predicted ranpge 1-10 yr {An-
dronov et al., 1982, what was imterpreted a5 arienta-
tion oscillations with an amphitude of 17° +£3°. Smylow
and Shakun {1585) confirmed this result, noting an ex-
Etence of the *phaselumingeity” dependence in the
sense that brighter curves are more positive-shifted
from the linear ephemeris. Ancther chjet showing
cyclical variability of phases with variable amplitndes
E Q0 Vil (Andronov and Fuhrmann, 1987).

However, it & not expected that these “swingings”
will be strictly periodic, as varies not only the lon-
gitiude of the magnetic pole, bt the latitnde as well
(Shakhovskoy et al., 1592). Moreover, the hhminosity
variations may be also modilated by the irvadiation of
the secondary by the hard emission from the vidnities
of the white dwarf {Basko and Sunyaev, 1973; King and
Lasota, 1984}, Another nunpredictable saurce of mod-
ulation of the accretion rate may be spots on the red
dwarf {Hessman et al., 2000}, The light ouxrves show a
strong flickering displacing the phases of minima. The
jaint influence of these mechanizms canse very compli-
cated changes both in himinosity and shapes.

The model of *swinging dipade” may be challenped
frr some polars by a model with a ballistic part of the
trajectcry and the capture of the stream rmch closer
to the white dwarf then the inner Lagzangian pdint
(cf. Warner, 1595). However, even in this case, the
arientation oscillations should exist, this new realktic
maxlels of the emimion are needed, as well as determi-
naticms of orientation from individual phatametric and
polarimetric chase ourves.

¥huch more acoirate are polarimetric timings, which
are less affected by flideering. Detailed disoisdon of
these results is prepared by Shakhovskay et al. {2001},

11. The red dwarf
11.1. Effective rading af the Bache lobe and

the "Pertad-mase” relation

An mmal asmmption & that the low-mass red dwarf
& 1mevolved and thus belongs to the main sequence
either in magnetic and non-magnetic systems. The
clasmical mass-rading relations obtained for single stars
st be revised by introducing an Peffective” radins
of the Roche lobe. So the problem & =splitted mto

twee dependence of the effective radms of the star fill-
g it’s Boche lobe on the mass ratic and the mass-
rading relation for real stars. Assuming that the
distorted star has the same volime as the spherical
cne, Warner {1976) obtained Ma/M; = 2.45(P/1%);
Echevarria (1583) proposed a revised approximaticrn,
MafMz = Q.0751{P/15) 1%, Recently de Lome and
Docan (15952) red etermined the mas-radins relation for
low-mam main sequence stars, and thus one may ob-
tain much stronger dependence My e P25,

For examnple, the mass estimates for the polar AM
Her obtained by using these statistical relationships
and different sets of parameters are (1.32, (.28 and Q.061
solar masmes, respectively. The last value sipnificantly
differs from that with 2 /= 1 and does not seem to be
realistic. Gitz (1991} noted that the mean estimate of
the spectral class of the red dwarf in AM Her (M4.5) is
i a pood agreement with the estimate 5.4 obiained
from the *pericd — spectral clas" relation by Echevar-
ria (1983). It corresponds to the mas M. = Q2660
and radms Bs = 0.314H;,.

A comparative analysis of varios models was
made by Andranov {1582b) and revised by Andronov
{1592b), who tabulated numerons characterstios of the
Boche lobe and proposed approximating fits. It & im-
portant to note that the vahes of the “barctropic’ ra-
dins are systematically larger by 2—4% than that of the
*equi-volime” mne for the same mass ratio. This leads
to a = 10% difference in the theoretically expected vol-

umes, mean densities and thns masses.
11.8. In the red dwarf @ main saguence star?

Churrent models of the red dwarks in catacly=mic vari-
ables show that they may be slightly evolved stars
{Echevarria, 1983; Wamer, 1555). Beuermann et al.
{1558} showed that in the shat-period catachy=mic
variables, the red dwarf £ clare to the main =equence,
whereas iIn the lang-period (> 3 hours), the majority
of secrmdaries have later spectral types owed to the
miclear evolution price to mas transfer and lack of
thermal equilibrinm due to mass transfer.

11.3. Magnetic activity of the red dwarf

The second ary in magnetic mtaclyanic variables is a
red dwarf, thus e may amume corresponding phy=i-
cal variability. Solar-type magnetic activity may canse
variations of the accretion rate in catady=mic vari-
ables {Bianchini, 1550}, as well as the migrating spots
{Hesmman et al., 2000). The star wnderwent an un-
precedented TV Cet - type flare {Shakhowvskoy et al.,
1593). Statistical study of the variability of accretion
and flare nature was publizhed by Bemnet-Bidand et al.
{2000). An additional mechanisrn of modulation of the
arcretion rate may be present, if a third body (massive
planet or browm dwarf) canses minor variations of the
crbital separation.
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12. Concusion

To make a statistical study of variability with char-
acterstic times from semonds to decades, a long-term
muaLitring has been carried ont sinece 1978, The phase
light curve of sometimes nnderpoes drastic chanpes
even from one cycle to ancther. Its shape statstically
depends on mminosity, despite of significant phy=ical
variability. AW Her exhibits a variety of types of vari-
ability, with a cease of the fast variability and polariza-
tion in the low state. An unprecedented flare has been
detected, which resembles the flares of the TV Cet-
type stars, and & within § most powerful flares. ¥nch
smaller accreticn event at a low state was registered
spectrally at the 6m telescope. Ohir low state multi-
cdor observations and the ITE data allowed to propose
a two-temperatire modd for the emitting region. For
overlapping flares producing a *red ndse” (fickering),
we have nused statistical methods. The most acourate
photometric ephemeris {based on 275 minima timings),
was determined. The 3 year variations of the phase
shift of the ourve have been nterpreted as a result of
the “swinging dipole” model - two-dimensional varia-
tions of the orentation of the white dwarf in respect to
the red dwarf both in the latitude and lagitude. Be-
canse of few processes involved, the variations are not
strictly periodic, but show some characteristic cycle a
time scale of 1-10 years. Dhir theoretical models were
applied to a *standard model® {Chanmugam and Wag-
ner 1977}, accarding to which, the dependence of the
accretion rate on the orentation of the magnetic ads
of the white dwarf exdst= in a case, when the magnetic
field & strong encugh to capture the flow near the in-
ner Lagrangian point { magnetic valve); the synchro-
nization time may not exceed 10* years {an excellent
example of mich a system i= BY Cam). Following the
model of the dipde=star interaction fr synchroniza-
tion of the white dwarf by Joes et al., {1575), we esti-
mated characteristic times of the orbit ciroilareation.
Tsing a simplified cohimn madel, the soft X-ray eurves
were madelled showing either larpe aptical depth of the
coumn as well a5 the nan-zero height of the emitting
“polar cap” region. The accretion cohimn exhibits ef-
ferts of asymmetry, inclination, instability of few types.
This canses changes in the palarization and spectra, as
compared with stationary ad-symmetrical models.

Besults of 13 recent years of poarimetric monitor-
ing of AM Her are prepared I publication m the
memograph ? Atlas and aatalogue of the polarimetric
and phatametric characteristics of the magnetic cata-
chysmic variable star AM Her” by Shakhovskoy, An-
dronov and Kolesnikov (2001).

Despite an unprecedented database of pdarimet-
ric observation aleady exdists, the star needs fur-
ther mmlti-wavelength maitoring, which will allow to
study details of structire and evohition of these inter-
esting objects.
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