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АЬstгасt. We present the resrrlts of optical tlynarrric sресtгороlаrimеtrу and spectroscopy of
the intermediate роlаr RXJ0558.0+5353 (V405 Arrr) obtained at the б m telescope (ВТА) with
the multichannel photon countirrg system (sсаппеr) in а }righ tirne resolution пrоdе frоm N4arch,
1996 to DесеrпЬеr, 1998. As а result of analvsis of the photoelectron events w}rich wеrе tagged
Ьу polarization, wavelength alrd time, tlre Nlonochromatic Quasi Periodic Oscillations (MQPOs)
оr the statistically significant features in thcl spectral composition of photoelectron noise in t}re

пагrоw walK:iengtlr passbands (1 А) ъ,еrе detected iri роwеr spectra, The strопg (amplitude up
io 60% in 2000 s exposures) polarized (doпrinating alterrratively orrly in опе of the two сirсulагlу
оr liпеагlу polarized sресtга) mопосhrсlmаtiс (FWНN{ in роч,,еr spectra 2-3 А) oscillations witlr
регirэds of 273 * б s correspondirrg to the first harmonic of the spirl frequency of the wtrite dwarf,
rTrainly irr the profiles of emissiorr lirres ,with а соhегеrrсс time of 1500 2000 s wеrе detectecl. We
cotrfirrn our previotls corrclusions whic*r rл,еrе dегiчеd frопr the obsc:гvations of PQ Gem (Somov
r:t ai., 1998а,Ь).

Кеу words: binaTies: ciose stаrs: irrdividual: RXJ0558.0+5353 (V405 Аur) stаrs: rnagnetic
fie]ds cataclysnric: чагiаЬlсs

1" Introduction

Cataclysmic variables (CVs) аrе senri*detached bi-
паr1, s_vstems in wtrich а rvhite dwarf prirrrary star
accretes nratter frоm а Rосhе lobe filling late-type
drvarf secondary stаг. N.{agnetic СVs include sl,steпrs
rvith the sufЁciently magnetized white dwarfs aird
fоrm two subciasscs: роlаrs, known as AN4 Неr stагs.
are sy-nchronous systems in whictr P"pi,, ж Portlitl
r,Tlrere Pspr, is the spirr period of the rv}rite dwarf and
Por6i1 is the оrЬitаl period (Сrоррег, 1990), and inter,
mediate цltllаrs (IPs) known as DQ Неr stars (Раttег-
son, 1994). Tire subclass of IPs includes ttre objects
contairring rnagnetic, rapidiy and asyncttronously rо-
tating (P"pin К Po.bit) white dwarfs. Тhс magnetic
fieid of the white dwarf in IPs (0.1 20 \4G) is strong
enoug}r to affect the trаjесtоrу of accretion flovl. The

рrеsепсе of а rapid periodicity in the light сurче, usu-
aiiy at optical оr Х,rау wavelengths, is crne of the
principal сгitеriа for membership in this ciass (iPs)
of stars.

RX J0558.0+5353 (V405 Аur) is а ROSAT sоurсе
identified in the framework of the RosAT Galactic
Plane Surчеу (N{otch et al., 1991). А cataclysmic vari-
able У : 14.6 mаg llrvas found as an optical counter-

part of the soft ROSAT sоurсе, The follow-up оЬ-
serl,ations rечеаlеd the oscillations in the soft Х-
rау flrrx witlr а pulse регiоd of 272.74 s. The opti-
cal spectroscopy determined а Ьiпаrу period of 4.15
lrorrrs. Pu}sations in the optical band with а period
of 272.785 +0.003 s $/еrе detected too (Haberl et al.,
1994). The folded lig}rt curve of the star shо,леd а

ncirr sinusoidal pulse with а pulsed fraction of 10.8%

(Ashoka et а1., 1995). Horvever, time sеriеs CCD рhо-
tornetгy revea]ed optica} variations similar to the Х-
гау variaticrns seen Ьу ROSAT Ьut with а period of
545.4565 s, whicir is twice the early rероrtеd Х-rа1,
period (Skilirrrarr, 1996). А реriоd of 545.4565 s was

also detected in UBVRI and Х rау observations (А1-

larr et al., 1996).

Ttre rеsuits of the last observations indicate соп-
clusively that the n hite dwarf spin period is 545 s, and
the 273 s period corresponds to the first harmonic of
the spin frequerrcy. Periodic variations in the circu-
lar polarization with а period of 544.4 * 4.8 s and
seпiiarnplitude of 1.8 + 0.16% wеrе also discoveгed
(Shakhovskoj & Kolesnikov, 1997). Time-resolveC
optical spectroscopy detected pulsations (Still et al..

1997) in the resolved line pTofiles of На, with а ре-
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il of 273 s. А "corkscrew" pattern in the pulsed
_,. Н/9, Н7 and НеII 4686 А emission lines was

' :lс1 too. The detected ernission*line prrlsations lrad
.:- aпrplitude of 1,1-2,7 % in the }IeII and Balrrrer
.:.ission lines with the 545 s spirr period of the rvirite
, ,,,агf соmраrаЬlе with 3,5 4.8 % fоr the c:ontin-
,:rl double-peak pulsations, The регiоdоgrаrп also

. . - lrled dоrпiпацt fеаturеs at fгeque:licies 2и апr,1 2 (.l -
. , rvhere р апd Q аrе the spirl ancl clrbital freclrren-
-:. геsресtiчеlу (Harlaftis & Ноrпе, 1999),

Оur optic:al spectral and sрес:trороlаrimеtriс:
lrh the сiгсulаr atrcl liпеаr polarizatlon ana]},z-
.; observations of PQ Gеm (RE 0751+14) dis-
,,,ered N{onochromatic Quasi -Реriосiiс Oscillatiorrs

],lQPOs) оr statistically significarrt fеаrttrгеs in tlrc
. , ,:сt.rаl composition of the phot,r;ciectron ri<.listl in thc

,.l.гоrч wavelength passbalrds (Somov et al., 1997;

:!За,Ь). Роwеr spectra exhibited strorrg, dolnirrat-
.: alternativeiy in опе of the trvo polaгized sрс:сtrа,
lQPOs witlr periods of 13.3--15.2 шriп in tlre vicirr-
,, of t}ie spin period of the white dп,аrf (13.9 пriп) ,

.._irr11, in the profiles of ernissiorr lines.
_\rrrопg the IРs discoverec] in the R.OSAT srtrчеy,

' \ J0558.0+5353 and PQ Gern s}row роlаг- like mаg-
--1с fields. This strongl}r sug8ests tlia,t thev cart Ье
,lutlotrary рrоgспitоrs of роlаrs (I{аЬеrl & \,{otch,

]!5). This рrореrtу of the IP ýIas irrrportant fсlr оur
lice оf thc object of the сurrerrt study.

]. observations and data reduction
. \J0558,0+535З was observed at tlre Sllec:ial Astro-
._i,sical Ollservatory (Nizhnlj Arkhyz, Russia) Ье-
,сеп Маrс}r 1996 and DесепЬеr 1998. Dynarnic

- , ,:ctropolarimetric observations wеге реrfоrmеd us-
.. the spectrograph SP 124 plac:ed at the Nasпrlrth

- . orrdary focrrs of tlre б m Big Telescolle Azimrrthai
ЗТ_\) (Ioannisiani et al., 1982). The spectrograplr
,ls ecluipped with а 1200 lirres/mrrr grating giving

,- ,1ispersion of 50 A/rnm. А television scatrner with
..,о lines of 1024 c]rannels recordcэd trvo spectra si-
:,_rltaneously iп а photon-counting rrrode (Sonrova ct
. . 1982; DгаЬеk et al., 1986; Afarrasiev et а1.. 1991).
,iost of otrr observations wеrе саrriеd orrt п,ittr the
.:_аlуzеr of circrriar arrd linear polarizatiorr (Najde-
.,r & Panchuk, 1996). Tlie latter was irrstal]ed in
'- -nt of the slit of the sресtrоgгарli and trvcr spectrir,

,,_,ге acqriired in the сirсulаr оr liпеаг polarizatiorrs
-.:llultaneously. The sky was observed tэetween the
r:poslrres. А 2-arcsecond slit was rrsed. The spectra
:ге obtained in the wavelength passband t 1000 А
lthin the rапgе 3900-5100 АА with а rlispersiorr of
.\/сhаппеl and а tепrроrаI resolution of 32 пrs. 'Гhе

-:,есtrа wеге recorded continuousiy (3000,5200 s),
.-ld а Не Nе,Аr lamp spectruln was mеаsurеd ile-
--,,.,сеп the ехроsurеs fоr the wavelengtlr ca,lillrtriiorr.

- rе 1og of оur observations is presented in Table 1.

Tlre clata rесluсtiоп u,,аs реrfоrпrеd with the }relp

of а special algoгittrrrr, Its пrathematical justification
is 1lresentc:d in Aiiperrdix of Somov et al. (1998а).

То stud1. the oscil]aticlns, the rапgе of periods for
inr.r:stigaticln was clrosen to Ье tretween 100 s arrd

666.66 s to allorv detection of QPOs aroitncl the рег!
otts соrrеsроrrсliпg to tlre spin frequenc:y and its first
artd secorrd harrrrorrics. 'Ihe resolutiol} o\rer the ре-
ricld was 1.66 s irr the rапgе frоm 100 s to 200 s,

3.33 s irr t}te rarrge from 200 s to ,100 s and 16.66 s

in tlre rtrlrge fгtlrTr 400 s to 666.66 s. Fоr е,п,еrу ре-
rlocl thc: роцIеrJ :iпrplitude and p}rase of the oscilla-
titlns for every сhаппеl (rvar.eiength) wеrе calcrrlaterl
iri the tr,vo polarized sрссtrа, All mеаsurеmепts п,еге

Irtacle in геlаtir,е urrits, tht-, lcvcl of the continrtous
spcctrrtпr is eqrral to 1. То estiпrate t}re tiпre of соhеr-
епсс tlf the QPOs, an additi<lrral tcmporal resolution
fог the роlчеr spectra lvas intгoduced iп ttre с:urrепt
stud_v. \trЪ havo separated the long ехроsuгеs (3200
5200 s) irr sеr,егаl subc,xposures n,ith а drrгation of
2000 s. T}re strоrtеr (2i)00 s) subexposrrres wеrе ех-
tгасtе<l fгоrп all available exposllres, and computa-
tions of tlrr: power spectr;r for all ехроsurеs and subex-

роsllг(}s п,с:rе пtаtlе. Tlrtl ц,avelerrgths wеrе caliЫated
(Kopr.-lov et al., 1986) rvit}r t}re hеlр of а Не Ne Аr
larrrp. Оur: obscrvations of оthег IPs (riпе of thcrn is
PQ Gr:rTr (Somov et al., 1098а,Ь)), п,hiсh wеrе rrrade

orr the sarne nig}its wittr t}re RXJ0558.0+5353 ones,
revealct] NIQPOs mitlr sigпificantly diffеrепt реriоds
r:orresponclitrg to tire known spin periods of ц,,hitе

dt,агfs ог their first harrTronics, То check possible in-
strumelrtal effects, we oilserved standard stars (Feig
25, HD217086. BD+82015) and other magnetic CVs
ц,itlr sinri}ar sрс:сtrа. I'{o significant fеаturеs in the
pclrver spectra tlf tlre stalrdard stars wеrе forirrd.

3. Results
3.1. QPOs in the spectrurn

То sеаrсh fоr t}re QPOs in the sресtruпI, we have
rrrirde а гelativelr- }ong ехроsurе (5023 s, rесоrdiпg the
wavelengtlr arrd t}re tirne of detection of every photo-
сlесtrсlп iп а file) witlrorrt the апаlуzег of polaгizatiorr
(l2l27l9S 11. see Treble 1) and calculated the роrчеr
sрtltltrtrпr, Tlre grеу scale image of the роwеr spec-

trtrrtr is shorvn irr Fig. 1. Тhе level of the grеу intensity
is рrороrtiопаi to the роwеr of sресtгаl oscillations in
аrЬitrаrу units. Black features in the роwеr spectrum
are seen irr t}ie periods around the period (273 s) соr-
гesponclirrg to the first harrrronic of t}re white drTarf

spin frequency. The wavelengths of t}re features аrе

insicle t}re ргоfilеs of the Ваlmеr and НеII 4686 А
t,tnissiotI litrt,s.

This рrореrtу сап Ье seen better in Fig. 2, w}rеrе

tlre sec:tiorr of tlre роwеr spectrum along the wave-

lengt}r corresponding to the 273 s period (lоwеr) and
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Table 1; of the оЬsеrчаtiопs of RХ J0558.0+5353.
Date NumbeT ехроsurе Start (UT tinie)

03/15/96
03/16/9б
11/1в/96

|\ l19 l96
12126l98

12l27l98

12l28l98

16:54:12
16:36;12
22:01;58
23:15;20
21:47:50
2\:22l0
22:53:16
21:39:51
00:34:52
18:26:20

2920
4168
4924
4815
4033
5023
5024

3584
4056

1

8

9
9
оJ

4

Mode
сirсulаr polarization
circular polarization
liпеаr polarization
liпеаr polarization
linear polarization
сirсulаr polarization
linear polarization
circular polarization
spectrum
сirсulаr polarization

9

11

4

5 19:57:17 4020 liпеаr polarization

600

RХJ0558.0+5З5З, 1 2127 198-1 1

500

4200 4400 4600 4800
Wavelen gth (An gstroms)

tsigure t: А Erey-scale image о! а рошеr sllectrllm. The leue.l of grеу intensity is proportional to the рошеr о!
spectral osci|,Iations ,iп аrЬitrаrу uпits.

(л

; 400
,=
Ф
n-

300

200

100

reiative intensity (norrnalized to tlre c:orrtintrum) spec-
t,гuшr (uрреr) аrе presented. The scales of tlre роwеr
and relative intensity аrе expressed in агЬitrаrу units,
but zero for the rrpper spectrum is shifted atrd соr-
responds to 75 units. Considering the values of the
роwеr at adjacent wavelengths as indeperrdent rап-
Соm чаluеs, it is possible to estimate the statistical
зigпifiсапсе of the detected oscillations Ьу the method
used fоr the classical роwеr spectra (Foster, 1996).
The typical values of statistical significance оr the
ргоЬаЬilitу that the signal is ratrdom аrе in the range

10-7 - 10-11 for the oscillations presetrted irr Fig. 1

arrd in other figures of this рареr.
То estimate сотrеsропdепсе between the period

of thc fеаturе and the 273 s period, ап exarnple of
monochromatic роwеr spectrum, i.e. the section of
the роwеr spectrum очеr the period corresponding tc
the wavelength 4340 А in the рrоfilе of the Н7 emis-
sion line is displayed in Fig. 3. Тhе coincidence of the
position of the strorig feature in the mопосhrоmаtiс
роwеr sресtrum with the 273 s period (uрреr аrrоп,
is readily seen.

4000
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Wavelength (Angstroms)

: lgurе 2l Th,e sесtiоп of the роuеr sylectrttm аlопq ulttuelength correspondi,n11 to the 273 s period о! the first
,, iгтпоп,i,с ot the ulh,ite dularf sрiп frеquепсу (lоаеr) апd the relatille i,ntensi,ty sресtrum (uрреr).
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Ноwечеr, it has to Ье noted that small deviations
: features aiong the period iri оthеr lines exist, апd
: explain tlrem in tеrrпs of the quasi-perio<iicity
: the clscillations. As in оur previous studv of the
-.lnoc}rromatic oscillations in PQ Gеш, the QPOs at
_ jеrепt wavelengths аrе independent. It is possible
- observe the presence of the QPOs in the prclfile
: an emission line simuitaneously with their аЬsепсе
-- апоthеr orre. The phases of the QPOs at сliffег-
:.: rтavelengths showed а significant difference arrd
.. а result we find it impossible to predict а defini-
, -е phase. Another irпрогtапt рrореrtу of the oscii-
-:lons, which is visible in Fig" 2, is the absencc in

, 
--. integral sресtrum of features which соuld Ье as-

- -iated with the features in the роrчеr sресtгum, оr
, ,. oscillations do not cause statistically significant
,.1пgеs in the integral sресtrum. Iп other words, the
].:uгеs in the роwеr sресtrum do not affect t}re inte-

:_."l sресtruш in the way any оthеr noise features do.
_ :.е паrrоrч rvavelength passband (2 3 А) in which
" .-, oscillations can Ье observed is the rеаsоп for паrп-
.: thеm I\4опосhrоmаtiс Quasi Periodic Oscillatioris
].:QPOs). Figs. 1 3 demonstrate the fact of existence

:1re oscillations at the wavelengths correspondirrg
:he profiles of the emission lines and in the periods
:е to the 273 s period.

3.2. Polarization of the MQPOs
Опе of the principal physical characteristics of the
electrornagnetic radiation causing the MQPOs is the
polarization, and most of оur observations, as сап Ье
sееп in Table 2, чrеrе саrriеd out Tdth the апаlуzеr
of circular оr linear polarization. The objective of the
оЬsегчаtiопs was the polarization рrореrtiеs of the
radiation which is responsible fоr the MQPOs but
not the classical polarization in the integral spectra.

Examples of monochromatic роwеr spectra fоr the
wavelengths inside the profiles of the emission lines
НВ in the two circular polarizations and Н7 in the
two linear polarizations аrе presented in Figs. 4-5,
respectively.

Fоr а quantitative description of the polarization
properties of the radiation causing the MQPOs we
subsequently use а fоrmаl measure of dynamic polar-
ization Ра which characterizes the observed oscilla-
tions as

Ра = (Р1- P)lPl * Pz) .100%, (1)

whеrе Р1 and Р2 аrе the powers of the oscillations
in the left and right or iп the orthogonal linear ро-
larizations in the same period and at the sаmе wаче-
length. Р7 сhаrасtеrizеs the polarization properties
of the radiation causing the MQPOs. А typical value

.of
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0
100 400

Period (s)

Figure 3: The sесtiоп of the роulеr sресtru,пl, рrеsепtеrl i,п, Fig. 1, аlопg period соrrеsропd,,iпg to the ulauelength
li40 А.

Table 2: Раrаmеtеrs ol the MQPOs

gý0
э
{
Ф

Ф

а40(L

,tr' ' RХJ055В.0+535З, 12/27/9В*] 1, Woveiength=4З4OA

раrаmеtеr Valrre Соmшепts
Amplitude up to 60% relatively the continrrum and

the first hаrmопiс of the spin

fоrmulа (1)

forrnula (1)

during - 2000 s
frequencyPeriod

Time of coherence
273*'6 s
1500-2000 s

Dvnamic сirсulаr polarization 60 90%
Dyrramiclinearpolarization 60-90%
Waveiengths
FWнм(А)
confiderrce level

irr profiles of etnission lines rnore rагеlу outside
2,3 Д. irr power spectra
10,7 _ 10-11 probability of the rапdоm signal

of the dynamic сirсulаr and linear polarization of the
MQPOs rапgеý frоm 60 to 90%. In the qualitative de-
scription the MQPOs сап Ье detected alternatively in
опе of the two circularly or linearly polarized spectra.
The last property of the MQPOs is а law which finds
сопfirmаtiоп in all оur data. we have rесоrdеd several
cases vrhere the MQPOs wеrе sееп in tlлrо polaгization
сhалпеls in relatively long exposures, but ечеrу time
it was possible to resolve thеm along wavelength or
time into shorter suЬехроsurеs.

It is very important to note that the MQPOs wеrе
detected not only inside the рrоfilеs of the Ваlmеr
and НеII 46Sб А emission lines but in spectral barrds

without emission оr absorption features at the rvave-
lengths of the о- transitions in strong magnetic
fields. Evidence of the MQPOs at the wavelength
4038.2 А vrhiсh corresponds to the calculated rмave-
length 4039.8 А of the strongest о- tra.rrsition of Нб
in а magnetic field of r 4 MG (Somov et al., 1998а)
is given in Fig. 6. The MQPOs in the continuum have
the similar properties as the MQPOs in the profiles
of emission lines, but the probability to detect them
in а 4000 s ехроsurе is less than in emission lines. 'We

have аlrеаdу discussed the рrоЬаЬlе rеаsоп (Somov
et а1., 1998а).

Fоr instance, we have only thrее good cases ofde.
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-.luге 4: Th,e sесtiоп,s of tlte 7лошеr sресtr,а аlопq peri,od соrr,еsроп,dilъg
,сtilаr polarizations.

:tion of the MQPOs at the wavelength 4039 А iIr a]i
.: data ог this probabiiity is - 0.3, irr сопtгаst to thtl
t ,illations inside ttre profiles, rv}rich cari Ье revealed
, опе rапdоrпlу taken ехроsurе during 4000 s with
. ,эгоЬаЬilitу of - 0.6 - 0.8. It iras to Ье notecl that
,: statistics of the MQPOs is too рооr and conse-
_,..пtlу these probabilities shorrid lle considerecl with
.,lticln mainly as prelimitrary estiInates. Tlre роIаг-

- ,lion properties and the ргеsепсе of the osciilatiorrs
_: side of the profiles of emissiorl lines аrс аrдlumепts
:аl,оr of the magnetic origirr of the \,IQPOs.

,.3. Тhе time of соhеrепсе of the MQPOs
-.:.other principal раrаmеtеr of the N{QPOs is the
,.::re of соhеrепсе of the oscillations. То estimate this
-,::lе we have modified оur method of data геduсtiоп
-- lo1lows. We have divided а long ехроsurе (fоr ех-
:..ple, longer ttran 4000 s) into fоur small subexpo-

, .:cs with times of 2000 s ,lvhich соrrеsропd to the
::lе intervals of 0-2000 s, 1000-3000 s. 2000-4000 s

: l 0-4000 s within the long exposllre, respectirK:ly.
_ _е computations of the роwеr spectra for al} avail-

200 з00 400 500 600
Period (s)

to tlle matle:length J850 А iTt, the tulo

аЫе ехJlоsurеs arrci the subc:xposures t}rerein wеrе

made. А tl,pical rеsult of the cornputations fоr t}re

N{QPOs irr the НсII 46SбА enrissiolr lirie is рrеsепtеd
irr Figs, 7 8. The figlrres s}row rnorrochгoTnatic роwеr
spectra only iп the riglrt сirсulаr polarization fог the
0 2000 s, 1000-2000 s, 2000 4000 s and 0-4000 s in-
tervals. Tlre scirles of the роlчеr аге equai fоr these
figures, arrd the роwеrs of the oscillations can ire соm-

рагеd. It is seen that the роъ,еr of the oscillations in
the 1000 2000 s interva] is about 4 times that in the
0 4000 s iпtегчаl. Arralysis of the porver spectra as in
}'igs, 7 8 gives an estimate of the time of coheTence
оГ trbolrt 1500 2000 s. It should Ье noted t}rat the
tinre of life and the tirrre of соhегепсе of the N{QPOs
аrе поt the salne. We have examples of t}re N,IQPOs
in slrorter subexposures which disappear iTr the lorrg

one, This fact confirrrrs the short tiпre of соhегеrrсе of
the \,IQPOs.

3.4. Раrаmеtеrs of the MQPOs
Tcl describe quantitatively the NIQPOs observed in
t,he роwеr spectra, we collect the ргiпсiраl оЬsеrч-

3/ 1 6/96:а1 ,
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able раrаmеtеrs of the MQPOs in Table 2. Fоr most
раrаmеtеrs the range of variations is given because
the рооr statistics of the MQPOs makes it impossible
to draw mоrе definite conclusions. In addition to the
quantitative раrаmеtеrs of the MQPOs we summa-
rize principal qualitative properties of the MQPOs:
(1) the рrеsепсе of statistically significant features in
the poweT spectra in the паrrоw wavelength bands;
(2) the features in the роwеr spectra do not signif-
icantly affect the integral spectra as other noise оr
statistically nonsignifi cant features do;
(3) the features арреаr alternatively in опе of the
two сirсulаrlу оr linearly polaTized роwеr spectra оп
а time-scale of - 2000 s;
(4) the oscillations show а shоrt time of соhеrепсе
and аrе independent at different wavelengths.

In addition to the соhеrепt periodic oscillations
which have been detected in Х-rау and optical da-
ta using а }аrgе пumЬеr of different instruments
and analysis techniques, and the known MQPOs in
PQ Gem, vrе have presented evidence of existence of
the MQPOs in the optical spectrum of the second IP.

4. Discussion
4.1. Monochrornatic oscillations

In оur previous study of the MQPOs in PQ Gеm we
discussed the radiation frоm the ассrеtiоп column as
the most probable rеаsоп for the MQPOs апd in this
саsе опе can expect the modulation of the radiation
at the spin frequency and its harmonic (Somov et al.,
1998а). It was found in the same study of the МQРОs
that the wavelengths ofthe oscillations соrrеsропd to
those of radiation frоm strong magnetic fields. The
equation for calculations of the magnetic fields fоr
о transitions is the equality of the wavelength shifts
due to the linear and quadratic Zeeman effect. The
detection (Fig. 6) of the oscillations corresponding to
the strongest о- transition of Hd in а magnetic field
of р 4 MG is additional evidence of the magnetic
nature of the radiation causing the MQPOs. In the
сurrепt study of the MQPOs we сопfiгm оur previous

. conclusion and suggest that the spectral compositiou
of the MQPOs along the optical wavelength should
point to the рrеsепсе of strong magnetic field of the

1/1в/96_о9, е,4345А
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:ie diмarf in the IР.
It is eviderrt (Figs. 4 5) that the NzIQPOs аrе

-,: rigl1, polarized (60 90%) iri dynamic sense (fоr-
._а 1), Polarization does not depend on wllеthеr

' .- liпеаr оr circrrlar polarizatiorr anallr2g1 is rrsecl,
,:hег does it оп the small instrulnerttal polarization
::lе integral spectra. We believe that the пrеаsurе

, :ilc dvnamic pcllarization of the osci]latiorrs irr tlre
,.,, lгеtiсаl сопsiсlеrаtiоп s]rorrld ile takerr as *100%
: :}te lirrear arrd сirсulаr polaгizatirlns. Tire +100%
агizаtiоп пtеапs that the \{QPO арреаrs alterna-
.,il iri one of the two polarization сhаппеIs. WЪ con-

-.]:: оuг previot,ts conc]usions drawn frоm the polar-
.:ion observations of PQ Gem and strorrgly suggest
.: the *100% dynarrric polarization is а firndamen-

" рrореrtу of the MQPOs.
Cornparison of the estimates of tlre tirrres of со-

:епсе of the N,IQPOs in the PQ Gem (3000,5000 s)
: in the RX J0558.0+53 (1500,2000 s) shows that
: гоtiо of these tirTres to the periods of thе N{QPOs

- .bout the same (4-7).
In our previous discussion (Somov et а1., 1998а,Ь)

100 200 300 400 500 600
Period (s)

of tlre rratltre of гadiation carrsirrg tlre oscilla-
tions we cclu]dn't firrd а satisfactory interpretation.
Frоm the obscгvations of the tъ,cl IPs (RE0751+14,
R,X J0558+53) it is seen that the N{QPOs give us
informtrtion, at least, about the value of the spin ре-
ricld and tlie пragnetic: field of the white dwarf, and
it has been shown that tlris information is consistent
,lvit}r оt}к:r obserl,ations. \\'е hаче аlrеаdу put forrvard
а hypothesis (Somol, et а1., 1997,1998а,Ь) which is
able to explairr tire ргорсrtiеs of the N{IQPOs. Неrе we

рrороsе fоr discussion to consider the N{QPOs as sig-
rratures оfеlеmепtаrу particles. In this case these раr-
ticles Tnanifest their wаче рrорегtiеs inside the spec-
trоgrарh оr in the optical wavelength rапgе and the
епеrgу of tlrese particles оr their соrрusсulаr рrореr-
tics exhitэit theпrselves as the features iп power spec-
tra with а period of 273 s.

4.2. Comparison with оthеr observations

Соmраriпg the results of оtrr observations with the
spectral observations of thе same object at other tele-

2s /9s-04
L, 40звА
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R, 40JвА
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influence of these effects is to shоrtеп the time interval

for data arralysis and normalize spectra to continuous

ones. оп the shorter time-scale (5000 s, Figs, 1-2) the

rеgulаr patterns in pulsed lines аrе absent or in оthеr

*йd, th" MQPOs do not fill the profiles of emission

lines and аrе presented only in thеir blue wings, Оur

approach is based on the analysis of normalized sрес-

tial data in the паrrоw wavelength passba,rrds during

the short time intervals. оп the other hand, in the

аррrоасh of llarlaftis & Нотпе (1999) they used the

sрБсtrа without the normalization and the long time

intervals with integration очеr the profiles of emis-

sion lines for detection of the pulsations, ignores the

MQPOs and reflects the pulsations caused Ьу the ор
tical photons. In this case the pulsations in contin-

uous spectrum аrе mixed vrith the pulsations in the

emission lines.

5. Conclusion
We have presented the results of optical dynamic

spectropolarimetry and spectroscopy of the interme-

scopes using other instrumentation arrd data reduc-

tion (Harlaftis & Ноrпе, 1999) , one сап see either

similагitУ in thе observational results ог а principal

difference in methods and conclusions, This сliffеrепсе

is that of the time-scales used fоr data anaiysis, Оп

the one hancl, the phase of the lvlQpos looks like

random on the time-scales of 2000-5000 s irr оur оЬ-

servations and large variability between spirr cycles

was visible in mапу cases on чеrу short tirne-scales,

The most clear pulses irr emission iines wеrе recorded

in IIеII 4686 А and they rll,еrе not in phase with the

continuum pulses and Sоmе wеrе even in antiphase

(Harlaftis & Ноrпе, 1999). Оп the оthеr hand, оп

the time-scale of 3 hоurs, rvhich is comparable with

the orbital реriоd (4.15 hоurs), опе сап expect ап

influence of the effects of orbital motion such as оr-

bital trends in Iight curves and the orbital variation of

wavelengths of the N4QPOs due to the Doppler effect,

Аs evidence of these efiects it is possible to observe

tire side-band features in the Fourier periodogram

which соrrеsропd to the beat frequency between the

оr}эitаl and spin опеs. The best way to dесrеаsе the

/ 15/96-о
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,..te 
роlаr RxJ0558.0+5353 obtainecl at the б пr tele-. _,ре witlr the ВТА Sсаппеr in the high tirne rеsо]u-

:i пrоdе frопr Маrсh 1996 to DесеmЬеr 1998. AnaI-
,.. of the photoelectron events taggecl Ь5, роlагizа-

:l. rvaveiength апd tiпre, rечеаiесl c;sciliations оr t}ie,.:istically significant features in tlre spectral corn-
.1tion of photoelectron rroise in the паrrоw wave-

. ;tli passbands (1 А;. тье strong (anrplitudc up
a0%), роIагizеd (predominant a]ternatirK:ly iп опЪ
:he two circularly оr linearly polarizecl spectra),
:lochromatic (FWнм in роwеr Sресtrа 2*3 А) о;-

_ations at the periods of 27З * б s corresponding to
- ,,,icinity of the first hаrmопiс of the spin fr.equency
-]re rvhite dwarf at the wavelengths mainly in the
iles of emission lines with the time of соhеrепсе
_j00_2000 s have been cliscovered. All рrореrtiеs

. :lorrochromatic oscillations, which wеrе detectecl
:he sресtrа of PQ Getn, have found confirmatiori
:ilе observations of the secon<l IP.
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