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SCIENTIFIC RESEARCHES
Evolution of magnetic fields of white dwarfs
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АЬstгасt. Based on photonretry and раrаllах data tеmреrаtuге estimates of 1225 norrmagnetic
and 49 magnetic white dп,аrfs as well as mass estimates of 1019 nonmagnetic and 35 magnetic
white dwaTfs have Ьееп obtained. The frеquепс1, of rnagrretic degenerates has Ьееп found to Ье
strongly dependent оп the tеmреrаtuге оf these stагs. \\ie have сопfirmеd the first conclusion
of Liebert and Sion (1979) that the frequencv оf magnetic ц,hite dwarfs is higher аmопg соо1
stars than among hot stars. Possible effects оf observational selection аrе discussed and taken
into account. As the degenerates соо1 down. both the пumЬеr of magnetics аmопg them and their
аvеrаgе magnetic field strength increase with а time scale t ж 2 - 3 Gy дп4 rеасh rnaximum at
а photosphere tеmреrаturе Т ry 6000 * 8000 К. \Vith furthег cooling clolvn the ачеrаgе magnetic
field strength is оЬsеrчеd to decrease which is possibiy carused by-the field decay. This effect has
beerr found, however, rnarginally insignificaTrt. Ап assttпrptiorr has Ьееп made that the function of
evolution of magnetic fie]ds in rThite dwarfs В(В0, t) does not depend (ог only-siightly depends) on
the initial magnetic field strength В6. The obser.,,ed magnetic field evolution is discussed within the
fгаmеs of trvo scenarios: 1) the r,ariation of dеgепсrаtе rnagnetism fоllоц,s the evolution of electric
corrductivity inside а star under the condition that e]ectromotive fоrсе of nonelectromagnetic
origin exists; 2) the magrretic fields, "buried" at ciegerrerate formation diffuse cutward. N,{agnetic
rvhite dwarfs have Ьееп found to Ье mоrе massive than the ачеrаgе r,vhite dwarf. This confirms
the resuit of Liebert (1988). The mеап mass of а magnetic white dц,arf is \,1 х 0.9М6. which
is about В 0.25N,16 larger than tlrat of а nonmagnetic. It has been revealed that the frequency
of magnetic stars аmопg t}re most massil,e degenerates is пеаrlу ап оrdеr of magnitude higher
than the аvеrаgе. Nlagnetic пrhite dwarfs in therrrselr,es аrе not а hornogeneous c]ass of stars.
They represent two types of objects: а popirlation of rvhite dц,aTfs of "ordinary" mаssеs whose
magnetic fields В, < 100 N'{G; апd а popuiation of "ultramassil,e .- ultrапiаgпеtiс" wliite dwarfs
ц,ith masses > 1.iМo and magnetic fields В. > 100 N,IG. Аmопg the stars of the latter popuiation
the magnetic field decay observed u,,it}r а time scale of ry 3 Gy. Suclr stагs amount to аЬоut 20 %
аmопg magnetic white dwarfs.

Кеу words: stars: rvhite dwarfs: magnetic fields - er.,oIution

Intrcldrrction
t-,.rdv of пragnetism of "white drvarfs is extremely

,гtапt fоr it thrоц,s light оп the рrоЬlеms of оri-
, ,f magnetic fields in stаrs, magrletism and in-

.11 struсturе of the main sequence stars, forrna-
- and struсturе of white dwаrfЪ, evolution of Ь!
" stars) etc. X4agnetic fields in white dwarfs lvere

lecoгded Ьу Кеmр (1970) mоrе than 20 years
:, the discovery of rтragnetic fields in еаrlу ty.pe
,. ,Babcock, 1947) and the first investigations of
-:_etism of rvhite dwarfs (Blackett, 1947). The firsi
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detected magnetic rllrite drvarfs turned out to Ье
cool stагs (Gгеепstеlп et а1., 1971; Grеепstеiп, 1974).
That is rr,hr-it п,аs c:oncluded that rnagnetic stars аrе
r,r,idespread аmопg соо1 п,hitе dwarfs as с:оmраrеd to
trot rvhite drvarfs. It lvas suggested that as а degener-
ate cools dor,vn, а deep convective zone агisеs in the
stаr, rvhich саrriеs outward internal magnetic fields
of high intensity, However, subsequent disco,,,eries of
trot magrretic dеgепегаtеs wеrе at variance чith these
conclttsions. The next step was made Ьу Liebert and
Sion (1979) who fotrnd magrretic white dwarfs to ос-
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cur mоrе frequently аmопg соо] stars than аmопg

hot stars. They could study only 13 magnetic white
drvarfs frоm а sample of 450 white dwarfs knorvn at

that time. РrоЬаЬlу for this reason the significance of
their result was not high.

It is important that Liebert and Sion (1979) found

the пumЬеr of magnetic stars among white dwarfs

to decrease rvith iпсrеаsiпg distance to them. This
could Ье а consequence of the rеduсеd frequency of
magnetic rvhite dwarfs п,ith increasing temperature of
stars, and alternativel1,, this mа1, resuit from арраr-
ent observational selection effects. Indeed, it is muсh

mоге difficult to detect the magnetic field in faint
stars thatr in Ьгight stars. Somewhat later the mat-

tеr of relatiorrship between the magnetism of wlrite
drvarfs and their temperature received а detailed dis-

cussion in thе рареr Ьу Angel et а1, (1981). The au-

thогs саmе to the conclusion that the enhanced ар-

раrепt fгеquепс1, of magnetic degenerates among соо1

5tаr5 is поt significant.
Subsequent discoveries of hot пragnetic white

drvaгfs rvith Х-rау telescopes and also iп the surveys
of blue-excess objects (e.g. ReimeTs et al., 1996) in-

сгеаsеd sharpli, the пumьеr of the knolмn hot mag-

netic rvhite dп,агfs. and that is why the matter of
епhапсеd frequenc), of magnetic white dwarfs as they
соо] dorr,n was no longer deait w,ith. РrоЬаЬlу fог ali
these reasons almost no investigations of evolution of
magnetic {ields in rvhite drvarfs frоm observational da-

ta rvere саrriеd out. Nevertheiess, the thеоr1, of this
matter is being del,eloped quite successfully (Wendell

et ai,. 19Е7; \iuslimov et aI., 1995), Recently Putney
(1997) has published results of spectropoiarimetric
observatiotrs of Dc rlhite dwarfs. It follows from the

obseгr,ations that the share of magnetic white dwarfs
аmопg DC stars ls about 15 %, while the frequenci,
of magrretic stars alnong DA is about 2 %. Since the

tеmрегаturе of DC degenerates is оп ачеrаgе lоwеr

thап that of DA stагs. these results аrе not сопtrаг\,
to the suggestion that magnetic ln,hite du,,arfs mау Ье

mоге fгеquепt аmопg cool stars thап among hot stars.
At present data аrе available on the magnetic

fields of 53 п,hitе dп.аrfs (Schmidt and Smith, 1995;

Jоrdап. 1997: Eabrika and \ralyavin, 1998). In the

ргеr,iоus papels (\ all,al,in and Fabrika, 1997; FаЬ-
rikа et а1,. 1998) on the basis of the analysis of the
plesent daY data rTe }rave found that the frеquепсу of
nagrletic rlhite drгаrfs and the mеап magnetic field
Stгength do itlсгеаsе aS they соо1 down, rеасh а mах-
itlruni at а tепреrаtriге of about 10000 К. In the case

of сооlег stагs \\,е аге likely to observe even the pro-

cess of magnetic field decay. In the present рареr we
c]isc,ilss iIi tllсlге detail the observed evoiution of sur-
face Irraqnetic fields оf rr,hite dwarfs, i.e. the behaviour
of thеiг IlragTretic fields l,егsus tеmреrаturе and age.

oir the basi,. оf аtпtоsрhеrе models of white dwarfs,
their, с,r,оluliопаг\, sequences. photometry and раrаl-
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Figure 1,: The саl,iЬrаtiопs (B-V) Т,,11 fоr рuЬ-
l,ished models llli,th differen,t lg g, hуdrоgеп ап,d hel,iltm

аЬuпdапсеs апd fоr black body spectrl,tm.

lax data we find temperatures, masses and ages of
all spectroscopically classified white dwarfs, for which

рhоtоmеtгу data аrе araiiab]e. We discuss and take
into асоuпt the main obserr.ational selection effects.

The Ьеhачiоur of magnetic white dwarf frequency de-

pending on their tеmреrаturе) Inass апd age is апа-
1yzed,

2. Effective temperatures of magnetic
and nonmagnetic white dwarfs

In оrdеr to find the frеquепсч distribution of magnetic
ъ,hite dwarfs with temperatures, one needs first of
all а sample of rvhite dwarfs with estimated effective
tеmреrаturеs, which contains а complete subsample
of magnetic white dwarfs. То reliably determine the
frequency о{ magnetic stаrs in different tеmреrаtuте
iпtеrчаls, the sample must Ье large enough. Тhеrе
аrе а пumЬеr of рарегs with estimates of effectil,e
tепrреrаturеs of nonmagnetic white dwarfs (for in-

stance, Shipman, 1979; Koester et ai., 1979; Веrgегоll
et al., 1992) . The most ассurаtе estimates of the tem-

реrаturе can Ье made using the atrnosphere mоdе_

methods. These estimates are made for the bright-
est and well studied stars. Ву the present time da-

ta оп the temperatures of about 200 such stars have

been published (e.g. Koester et ai.. 1979; Веrgеrоп el

а1., 1992). Unfortunately. this sampie of white dwаrf.
is not 1аrgе епоugh fоr оuг objectives. In this соп-

nection, based on the рhоtоmеtrу data of the white
dwarf catalogue Ьу, \,IcCook and Sion (1987; 1999

rve estimate the effective temperatures for as mап,,

of nonmagnetic white dwarfs as possible. These est1-

mates аrе less ассurаtе, but nevertheless, they ailoT,

ап essentia}Iy large sample to Ье made up. In the cat-

alogue Ьrоаd band UBV рhоtоmеtrу data аrе bes-

rерrеsепtеd. Koester et а1. (1979) rероrtеd results с:

analysis of model v,,hite dwarf spectra with hydroge:,
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atmospheres fоr different photometric systems. Ihе
model they use allows for the blanketing effect and
convection. Similar calculations аrе given Ьу Berg-
егоп et ai. (1995а).

Examples of the calculations (В rl; - Tgg дrе

shown in Fig. 1. Here the thin solid }ines аrе the
model relationships given Ьу Koester et а1. (1979) for
Ig g : 7, 8, 9. The bold dashed and soiid lines аrе the
relationships obtained Ьу Веrgеrоп et а1., (1995а) foT

ig g : 8 and fоr different hydrogen and hеlium аьuп-
dances. The thin dashed line represents the black
body colour indices. At low effective tеmреrаturеs the
deviation of the model relationship from the black
body decreases since hydrogen lines disappear and
the blanketing becomes less effective. It is seen frоm
the figure that the error of tеmреrаturе determination
connected with the uncertainty iп lg g and chemical
composition mау rеасh 30 % at В V в 0. Тhе uп-
сегtаiпtу in chemicai composition and lg g аrоuпd
В - V < -0.1 makes it possible to estimate the tem-
оеrаturе with about the same ассurасу, In this rеgiоп
.-,f temperatures accurate В-V data аrе чеr}, irпроr-
:ant. At B-V)0 the temperatrtre determination
:rссurасу is much better.

The ассurасу of tеmреrаturе evaluation could Ье
:nproved Ьу using different plrotometric systerns arrd
,Ыaining the mеап estimate. Besides the соlоur irr-
jices В,V and U В the catalogue (\4cCook and Sion,
i999) provides also the Strоmgrеп соiоur indices u Ь
.nd Ь-у and that of multichannel spectrophotome-
:г\,g-r. Fоr these data Веrgеrоп et aI. (1995а) give
:Ile model calibrations the colour index Tug at
-Jg = 8. оur anaiysis has shorvn that the use of the
-.пtirе photometry available in the catalogue leads to
_:lprovement of the ассurасу in T"g, for hot white
lrтarfs in раrtiсulаr. The еrrоrs of tеmреrаturе esti-
::lates in this case do not exceed 30 % and fоr effective
:emperatures less than 10000 К the еrrоr is not larger
-lrап 10 15%. Based оп these relationships lve have
Ыained а sample of 1274 white drvarfs ц,ith tеmреr-

..tuTes estimated to the ассurасу indicated above.
Schmidt ацd Smith (1995), Jоrdап (1997), Fabri-

:? and Valyavin (1998) and а пumЬеr ofother authors
:lтe а summаrу of the effective tепrреrаturе estimates
- lг magnetic rl hite dwarfs. The estimates mау Ье clas-
._fied in trvo groups. The first includes stars that have
' een studied Ьу the atmosphere model methods ri ith
.ilorvance made for the magnetic fieid (fог instarrce,
\chilleos and Wickramasinghe, 1989; Jordan, 1992).
, he second comprises stаrs whose effective t,еmреrа-
- ..геs hаче been estimated frоm fitting of thеir spectra
,,,lth the black-body one or from their соIоur indices,
Зесаusе of the considerable distortion of епеrgу dis-
-:itэution in the spectra of magnetic white dwarfs the
--inperature estimates iп the lаttег case can Ье less
. ,сurаtе. It is essential to analyze the еrrоr in the
jective temperatures of magnetic white dwarfs de-
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Figurе 2: The tеmреrаturе est,imate еrrоrs
(T"rT - ТЁ,т)/Т"rт of magneti,c ulhite dwаrfs. Iп,-

diui,dual чаluеs of T[u аrе frоm detai,led sресtrа
modell,ing uith taki,ng i,nto ассоuпt magrtet,ic f,eld
(ci,rcles) ап,d Jrоm black body fitting оr these аrе the

rough esti,,mates frоm, sресtrum type (tri,angles).

tеrmiпеd frоm photometril data.

Тhе results of such an analysis аrе presented in
Fig. 2. T}re effective tеmрегаturеs of magnetic de-
generates estirnated lvith the photometric саliЫа-
tions оЫаiпесl fоr the nonmagnetic case аrе plot-
ted оп the horizolrtai axis. The figurе ргеsепts
АТ/Т"6 : (Т"rг - ТЁu)/Т"r, w-hеrе T]u is the effec-
tive ternperature of magrretic rvhite dц,,аrfs given Ьу
other аuthоrs. Irr раrtiсulаr, circles mark the stars
t,hоsе T}u has Ьееп estirnated frоm the detailed spec-
trа modellirrg of magnetic white dwarfs taking into
account the knolvn рrореrtiеs of polarized radiation
(Jordan, 1992; Actrilleos and Wickramasinghe, 1989;

Sc:hmidt et а1., 1992). Tгiangles indicate the stars
r,vhose T]u has Ьееп found Ьу different authors еithег
frоm black body fittirrg, оr these аrе the broad-band
рhоtоmеtriс "nonmagnetic" estimates оr tlre rouglr
estirnates frопr sресtrum t},pe (FаЬrikа and Valyavin,
1998 and rеfегеtrсеs therein). It can Ье seen from the
figurе that rTithin an ассurасy of 30 % the detaiied
mode1 estimates of magnetic rvlrite drvarf tеmреrа-
tures аgгее rvith the estimates obtained on the basis
of соlоrrrs and аtmоsрhеrе modeis п,ith по regard fоr
magnetic field.

То estimate the еrrоr in tеmреrаturе caused Ьу
the disregard of magnetic field, we have computed
а model grid of simple synthetic spectra for different
ti:rпрегаtuгеs and lg g : 8 taking account of the mag-
rretic field. The modellin€! was performed оп the basis
of the рrоgrаmmе ATLAS (Kurucz, 1970). The wave-
lengths arrd the osciilator strengths of the Zeeman
h.vdrogen components of На, НВ and Н7 wеrе taken
based оп the calculations of Kemic (1974), Wuппеr
et al. (1985), Fassbinder апd Schweizer (1996), Rudеr
(1977), Fassbinder (1997). The unknown Stаrk broad-
ening constants of the hydrogen components wеrе
chosen so that the ful] iine at а sufficiently weak mаg-
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netic fields has the same рrоfilе and intensity as the
line at zero magnetic field. The hydrostatic еquililэ-
rium in the atmosphere \маs calculated lvith no ас-
соuпt of magnetic field. Thus vre have calculated ttre

sресtrа of magnetic wlrite dw,arfs with рurе11,, hydro-
gen atmospheres of different efГective tempera,tures,
l8g:8, iп the magnetic field range frоm 1N,{G to
в 50 NIG. The synthetic spectra obtained wеrе con-
volved with the different photometric systems pre-
sented in the catalogLre Ьу \{cCook and Sion (1999).

As а result of the Zeeman component shifts arrd

арреаrапсе of пец, components as the magnetic field
increases, the spectrum of а stаг and its coiours
change. So а сеrtаiп effective tеmреrаturе соrrе-
sponds to еасh l.aiue of t}ie соlоur index, and the
tеmреrаturе is diffсrепt fоr difIererrt magnetic field
strengths. Let Tj} Lle thc: tеmреrаturе of the atmo-
sphere riith 188 : 8 and the nragnetic field strength
Вr. Frоm the соlоuг indices corresponding to the
model spectrum, T.g lalue сап Ье fоuпd Ьу аррl},-
ing our calibrations to the nonmagnetic case and
Igg:8. As а геsult опе сап dеtегmiпе the regiolr
of the AT/Teff = (Tetr - ТJЁ)/Т"u corresponding to
different magnetic field чаIuеs. The uрреr and lоwеr
1ines in Fig-. 2 соrгеsропd approximately to the 1iпг
iting AT/Tetr yalues obtained Ьу the modeliing de-

scribed abor.e. Tlre1- rough}1, сопfiпе tho rеgiоп of
this value l.аriаtiопs. Tire hoгizorrta} line rерrеsепts
AT/T"fT fоr В, - 0.

\Vith increasing magnetic field the value of
ДТ/Т"g begins to dесrеаsе uр to Bs аз 10 },IG (the
lоlr,еr сurr,е in the figure). Fоr lаrgеr rnagnetic field
r.a}ues АТ/Т"r аlrеасlу, increases. and frоm the field
stгепgth ry 20 \IG it becomes positive. This is con-
nectec] rr,ith the 1eaving the В band of а considerable
пurrlЬс:г of strong components of Н1 arid НВ lines апс1

ч-it}r the арреагапсе оf tlre На and НВ components
iп \' Ьапd. Tlre value оf AT/T"q, in оur models rrearly
ceases to charrge lr,ith irrcreasing the surfасе magnetic
field at В, > 50 \iG. Since in the model spectra rb,e

take into aCCouIIt. iп fact, only- the contribution of
the split 1itle components, and t}re Zeemall соmро*
nelLts at В. > 50 \IG аrе separated Ьу quite 1агgе

distance_c i"nlir''). еl,еп at чеrу high magnetic field
strengths the talue ol AT/T"g, might Ье close to the
uррег сuг\,е in Fig. 2. Thus the uрреr сurr,е, which
согrеsроtlds to 50 _\IG. mау 1эе trеаtеd in оur mode1

sресtга as the uрреr 1imit оf the AT/Tog value.
Тhе rlioclel cufves сап соrrесtlу Ье compared only

lTith the clata desigrrated Ьу the circies in Fig, 2, as
the tеtп.регаturе T"g of these stагs -nvas estimated on
the ba,si,s of detaiLed atmosphere models. Tlre ti,vo

пlоdеl сuгr,е_с outllne quite r,veli the геgiоп occupied Ьу
the circles uр to e{Tectir-e tеmреrаturе Т"6 ry 20000 К.
This indicates that in this гапgе of temperatures the
пTос,lе1 dеsсгiЬеd сап Ье used as а test 1Ьr tеmреrа-
tuге esiittlates оЫаiпеd rvithout detailed modelling of

atmospheres with а rTragnetic field.
The blanketing which is caused Ьу Ваlmеr line

components shifted to U\,' rеgiоп is not at а11 taken
into account in оur пrоdеi. Тhе effect is iпrроrtапt at
higlr tеmреrаturеs and rnagnetic field sirengths. The
blanketing results in а clepression in the UY rеgiоп
(the "ultraviolet catastrophe") and an increase in in-
tensity of radiation in the optical range. This effect
has an influence in the brightness in visible, mak-
ing а star Ьrightеr, i.e. it must Ье taken into account
rvhen calculating bolometric corrections. This effect
may iпfluепсе the colour indices, N,{ost authors at-
tempt to allovl for the blanketing in thеir models (for
instance Jordan, 1992). that is why the disagreement
betr,veen оuг simple rnodel and individual "rеfiпеd"
estitnates irr the region Тег ) 20000 К mау Ье asso-
ciated iц,,ith the blanketing. It can, hоwечег, Ье seen
frоm Fig. 2 that the disregard of the blarrketing is
not important uр to temperatures of 20000 К. The
В V index, however, is likely,to Ье the least a,ffected.
since а tеmрегаturе of radiation we оЬsеrче iп vis!
Ьlе region rnust rерrеsепt the tгuе tеmреrаturе of the
p}rotospheгe because of therпralization of radiation in
the plrotosphere.

Thus the anall.sis of the data presented in Fig. 2

пrakes it possible to i]]ustrate the еrrоr caused Ьч the
disгegard of Zeemarr line соrпропепts оr the blanket-
ing, оп thе one hand, arrd on the other harrd, to iso-
1ate stars whose tеmреrаturе estimates аге question-
able. GD 077 (В. в 0.9 NIG) is аmопg such stагs. Its
tеmреrаturе Tju has been estimated frorn spectrum
(DA 5, N,IcCook arrd Sion, 1987) and is likel1, to Ье

underestimated. The star GD 229 Ъаs the strongest
magnetic fielcl of all knorvn пragnetic degenerates, so

it should Ье discussed in mоrе detail. Its effective
tеrпрегаturе estimates rапgе frorn 16000 К (Green
and Liebert. 1981) to 23000 К (Sclimidt et al,, 1996)
The srrrface rTragnetic field of GD 229 is an оrdеr ol
rnagnitude higher than the uрреr Iimit of the krrown
modei grid computed. that is w}ry its tеrпреrаturе
mау actually Ье somewhat different. Since the Zee-
mап calculations рrеsеrrtlу availabie permit UV орас-
ity to Ье mоrе оr iess согrесtlу taken intcl account onlr,
to magnetic field values of about а }rundred of \,tG.
ttre last note сап Ье referTed to aij ъ,hitе dwarfs rvith
в, > 100L,{G.

The anall.sis presented, despite being rаthеr of
qualitative than quantitative сhаrасtеr, is quite ilius-
trative of the рrоЬlеrп of effective tеmреrаturеs in
magnetic white dwarfs. It follclws frоm Fig. 2 that
even чrhеп the tempeTature is obtained with попmаg-
netic calibrations, thе еrrоr wiII Ье not larger than
30%, Such an accurac}r is quite acceptible to studl
magnetic white du,arf frequencies. Temperature in-
terr,als in ,whiсh the data rnay Ье averaged should Ье
сhоsеп оп the basis of the tеmреrаturе determina-
tion ассurасу. This a,llows all estirnates of effectile
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tеrпреrаtuгеs of ц,hite dwarfs available preserrtl1, and
also оur estimates in the cases whеге the рulэllshеd
tenrperatuгes аrе rаthеr сrudе to Ье used.

3. Relationship between magnetism of
white dцrаrfs and temperature

The observed frequency of magnetic ъ,hite dwarfs
Р* is deterrrrined Ьу the ratio of the пuшЬеr N,,
of knor,vn magnetic white dъ,arfs to tlie iotal пum-
1эеr N of known magnetic апd nonmagnetic stа,rs

of the same tеmреrаturе interlal. Let us define tlre
observational seiection coeflicients К(Т"я,) fог non-
пragTretic and К*(Т"6) for magnetic degenerates.
Then t}re frеquепсу of magnetic ,lvhite dп,аrfЪ is
Р- (Т"r) : К- (Т"rr)N* (T"ff ) /K(T"rT)N(T"п,).

\4agnetic white dwarfs are gепеrаllу identified
rnerely frоm spectrunr. Sресtrаl 1ine iritensities de-
pend on tеmрегаturе and magnetic field strength.
\\'ith magnetic splitting of а spectral line, its total
:qlrivalent r,vidth slightly grоп,s, wtiile the intensity
lf individual components drops. Wtren the magrretic
:leld is 5 \,fG < В, < 50 \4G tlie sресtrаl line сопi-
:lonents аге deep enough, and the spectгum сап rе-
.lably Ье identified, Iп some reia,tively bright objects
:ire lines аrе weil visible rl,it}r lагgеr rnagnet,ic fiеld-ч

1]о. The rnagnetic splitting Ьесоmеs cclnspicut us ilr
::loderate dispersion spectra beginning with а surfa,ce
llla.gnetic field of 4 б N{G. Since rnagnetic objects сап
,е геiiаЬiу recognized from sресtrа rvith а mоdеrаtе
.pectral resolution, we believe that the selection of
- lentification of magnetic stars in the interval а:5

-ilO \4G from spectra is miпоr. Uncertainties hеrе аrе
onrrected with continuum like sресtrа of DC stars,

,.,,-lrose пiagnetic nature can Ье prclved Ьу polarirnet-
::с observations, and п,ith white drл,,аrfs lraving ре-
чliаr spectra. The fractioTr of such objects does not
xc:eed 10-15 %. As а rulе, these inclucie stars ц,itlr

T"g ( 6000 - 8000 К, оr very,hot stars, whеп the hу-
,iogen lines аrе considerabiy weakened. In t}ris case
:re discovery of nragnetic rvhite dwarfs is impeded.
lhat is why witlr \rery cold and чеrу hot stars we
.:iач underestimate the frеquепсу of magnetic ъ,hite
_iгarfs.

In the region of temperatures T"g * 8000-20000 К
-:lеге аrе по арраrепt rеаsопs to think Lhat we
.ltcierestimate the пumЬеr of stars with nragnetic
:1ds 1аrgеr than а few NIIG. Тhеrеfоrе, for tlre
:ralysis the data selection coefficients К(Т"6,) and

,.,., (Т"g) will Ье considered equa}, and the frеquепсу

' Р-(Т"я) : N-(Т"rr/N(Т"g) irr this case,

It is important to сопsidеr the observationa1 se-

.ctions as dependent on distance. In the paper (FаЬ-
,.:а and \Ъiуачiп, 1998) we treat in detai} the mat-
.: of equality of the "magnetic" and "nonmagnetic"

--.,ection coefficients, it is shown therein that the da-
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Figrrге 3: The t'requertcy of m,аgпеtiс whi,te dularfs чеr-
sus effecti,ue tеmреr,аturе. Сirсlеs derlote the frеquеп,су
of stаrs tli,tll пmgпеtiс fields 1, 10 MG (16 stars),
dots frаrп 10 MG апсI aboue (27 stars). Тriапglеs
аrе the estimates of Ро,(Т"17) fоr all stаrs ulith fi,elds
очеr 1 MG,

ta could Ье сопsidегеd as selection-independent for
rrearby, and, thеrеf'оге. tlre bгiglrtest arid best stlrd-
ied ц,hifе dwarfs locatecl по further than 25 рс. Fоr
ttris reasotr по\y \те ъil1 alralyse the frequencies both
аmопg а11 nragnetic staгs and аmопg nearest stars
separatei1,.

Тhе founciation of оuг data is the catalogue Ьу N'Ic-

Cook, Sion (1987) as vnell as its пеw еlесtгопiс чеrsiоп
(il,IcCook. Sion, 1999). Spectrophotometric and astro-
metric data fоr mоIе than 2000 spectraliy ciassified
rvlrite drr,агfs аге plesented thеrе. The catalogue con-
tains 127+ rThite drvarfs (38 of them аrе magnetic) fоr
rvhich one can estinrate the effective temperature in
а colnrnon та1,. This sanrple is added Ьу 10 magnetic
white dч,аrfs frorrr the same catalogue, for rvhich pho-
totrretrl, data аге lacking, Ьut the temperature was
estimated frоrп spectra.

Irr Eig. 3 the frequency of magnetic stars verýus
effective tеmреrаturе is shown. The temperature in-
tervals аrе selected so that the mеап temperature еr,
rоr would Ье mаrkеdlу smaller than an interval and
possible systematic еrrоrs would Ье smoothed to the
utmost. То iliustrate observationai selections as de,
pendent on magnetic field strength, we present the
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frequency Р-(Т"r) for magnetic rvhite dwarfs with
different В, r,alues. The circles in the figure derrote
the frequenc1, of stars u,,ith magnetic fields 1 10 \,IG
(16 stars), the dots from 10 N,{G and above (27
stars). The triangles аrе the estimates of Р-(Т"g) for
all staTs with fields очеr 1 N'IG. The пumЬеr of such
stars is 43 since 3 white dwarfs have magnetic fieids
below 1 N{G (Schmidt and Smith, 1995), trvo stars
have а tеmреrаturе Т"л ) 40000 К and аrе not con-
sideTed. Тhе horizontal bars соrrеsропd to the tem-

реrаturе intervals. The vertical ones show the еrrоrs
in Р-(Т"6,). Тhе еrrоrs аrе defined Ьу the "magnetic"
and "nonmagnetic" sашрlеs in gil,en tеmреrаturе in-
tervals. T}re1, п,сrе derived (г.ln.s.) brr N{onte Carlo
simu}ations. Ilr оrdеr not to сrоwd up the figurе, the
еrгоr Ьагs ale given only fоr the frequencies of stars
rlith magnetic fields gгеаtеr than 1 \4G.

In the thrее r.ersiotis of Р-(Т"g), it is seen to in-
crease rvith decreasing effective tеmреrаturе. Соm-
раrisоп of the frequencies of ln hite dwarfs rvith mag-
netic fields ol,er 1 N,{G in trvo intervals 6000-8000 К
arrd 8000 21000 К Ьу the Student's сritеriоп shows
unequalit1, of these quantities п,ith а confidence level
по less than 0.995. Before draп,ing the conclusion оп
the significance of rising frequencies with decreasing
tеmрегаtuгеs, the оЬsегчаtiопаl selections should Ье
discussed опсе again.

It is sееп that the thrее plots in Fig. 3 аrе similar,
hоr,чеr.еr the п,hite dц,arfs irar.ing fields of 1 10 NIG
аге observed to Ье markedly deficient in the temper-
аturе iпtег\,аl 8000 21000 К. At these tеmреrаturеs
the hr-сlгоgеп 1ines аrе the most intensil,e and Ьrоаd.
The Zeernan splittirrg of such iines in magnetic fields
1ess tharr -1 6 \IG rnay п,еIl prove to Ье unnoticed.
Stаг_с rr-ith srrгfасе fields ) 10 NIG аrе free frоm this
_*ele.::t iotl,

lt is apparerlt that аmопg соо1 stars ari арllrесiа-
'ille palt of lrraglietic ц,hite dп,arfs will Ье missing in
thе sarnple siпсе lhе intensity of their spectral lines
is r-егr-lоrr,. Besides t}rese stars аrе essentially fainter
than hot stагs and thеir spectral ana,lysis presents dif-
Гегепt ргоЬiсms. The magnetic nature of these stаrs
оftеп rreeds to Ье сопfirmеd Ьу polarimetric mеаsurе-
lllents. Tlris seiection rvhen taken into account will
rnereiv cause the fгеquепсч of cool magnetic stars to
rise. i.e. itrсгеа,се thе amplitude of the effect under
disc,.tssiori. Hot ri,lrite drгаrfs, both magnetic and поп-
пlаgllеIiс. аге llasicallr,studied in the literature. It is
c.,lэr,ious tlrat this is due to the observationa} selection
,.iIrce hot stals аге Ьrightег, It is for this rеаsоп that
lrot stагs аге пlоге пumегоus аmопg the known mag-
iletlc r,,,hite сlrl,агfs (FаЬrikа and Valyavin, 1998). In
contIasI. l,,,e ltal,e dlsсоr,егеd that the real frequency
of соо1 n]ao_netic staгs i,c grеаtеr than that of hot mag-
trelic.taгs, It is vita1 to assess how mапу cool degen-
егаtе sIa.s опе са1l пliss in the present-da1, surveys
апг]. il,.,r.,, riris lilaг influence thе shape of the rela-

0.05

Ъtt (к)

Figure 4: The frеquепсу of mаgпеtiс ulhi,te clularfs чеr-
sus effect,iue tеmреrаturе frоm, all the stars (triапglеs,
sаrпе as iп Fi,g. 3) апd frоm пеаrЬу ulh,ite d,ularfs (ci,r-

cles).

tion displal.ed irr Fig.3. Tlris can Ье judged frоm а

sапtрlе of bright and teli studied stars in the closest
vicinitr- of the Suп. Let us isolate the white dwarf,s

separated frоm the Srrn Ьу no more than 25 рс (FаЬ-
rikа and \ralyavin. 1998) . The open сirсlеs in Fig.4
indicate the frequencies of magnetic white drvarfs (а

tota1 of 14 stаrs) аmопg these пеаrЬу stars. То get

the most repгesentative sample, опlу опе interval fol
hot stars, Teff : 8000 - 40000 К. has Ьееп chosen.
Ву the Student's criterion the maximum and rnini-
mum frequencies are di{Iеrепt at а confidence Iечеl

greater than 0.9995 1evel. The sarnple of пеаrеst stars
is most free frоm selections, that is why we can соп-
sidег proved the effect of increasing the frequency, of
magnetic rмhite dwarfs with dесrеаsiпg temperature.

Fig, 4 also display,s the frequency frоm а11 the stars
(uрреr plot from Fig.3), It is sееп that the effect of
growing fraction of magnetic stars as their tеmреr-
аturе drops is essentiall1, potentiated r,vhen passirrз
to nearby stars. In the temperature interval 6000
8000К, magnetic stars account for 16 t 3.4%. Тhе
fraction of сооlеr stars (4000-6000 К) equals 13+4V(,
The number of magnetic r,vhite dwarfs among the old-
est and coolest stars possibly decreases, however, this
difference in the frеquепсу in these two extreme tem-

реrаturе intervals is not significant. It u,iil Ье rесаl]ес
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Figurе 5: The relationship Ьеtuееп surfасе mаgп,еtiс

.Ч cl ds alt d tеrпреrаtчrе.

ihat the temperature intervals we have chosen аrе
ri,ide enough, they аrе lаrgеr than the temperatrrre
егrоrs (for а given temperature, see Figs. 1 and 2).

Fig. 5 presents the гelationship between surfасе
:nagnetic fields and temperature. А total of 44 stars
,,r,ith fields аЬоче 1NlG аrе shown on the diagram.
Orre white dwarf with an extremely high tеmрега
:urе, 50000К (see the tаЫе in Fabrika and \Ъiуачiп,
1998), is not considered hеrе, although it falis rvithin
:}re general pattern of the distribution (see discus-

-.ion below). Тhе uрреr horizontal line corresponds
.о В. : 100N,{G. This is ап approximate uррег limit
_lf magnetic fields up to vrhich temperatures of mag-
:retic white dwarfs аrе most reliably determined. The
.orv horizontal line corresponds to В, : 5 N4G. This is
an approximate чаluе of magnetic field strength Ье-

-оw which the probability of discovering а mаgrrеtiс
,,.,,lrite dwarf, ц,,hеп visually examining the sресtrа, de-
:.,ends оп line widths, i.e. on temperature. Неrе tlre
iata аrе strongly dependent on the observational se-

.ection. This is illustrated weli Ьу the rеgiоп of avoid-
lllc€ of magnetic white dwarfs in the tеmреrаtuге in-
:егr,аI from 8000К to 25000К, whеrе the hl,drogen

-.nes аrе very Ьrоаd.

The plot in Fig. 5 represents the behaviour of the
.:equency of magnetic stars Р- (Т.g). Up to magnetic
_c,ld strengths 150-200NIG the trend towards iпсrеаs-
-rg dispersion and maximum values of the observed

sшrfасе magnetic fields with decreasing tеmреrаturе
is rvell visible. The results of averaging of the obser-
vationa1 data betrveerr t}re indicated uрреr and lorTer
magnetic field limits (trvo horizonta1 liries), i.e, the
ternperature шеап suгfасе magnetic field relation,
is shown Ьу the boxes, The чеrtiсаl bars аrе the scat-
ter of the observed magnetic fields in the specified
temperature intervals. This is а mопоtопiс iпсrеаsе of
the magnetic field as the stars соо1 down. With fur-
thег dгор iп tеmреrаturе, Т < 6000, the mеап mаg-
netic fieid begins to decrease. It is not unlikell, that
hеrе we observe the process of magnetic field decai..
Ноrчечеr, to соше to а mоге definite conclusion hеrе,

ап additional analysis of observationai selections is
rreeded.

The functions В.(Т"g) and P-(T"g) (Figs, 3,5)
complement each other. Tlre lаttеr illustrates а pos-
sible evo}ution of fields iп the most magnetized stars,
rчhеrеаs the fоrmеr reflects the evolution of magnetic
fields in "nonmagnetic" stars. Indeed, as white dwarfs
соо1 down, their magnetic {ield strengths risе and ех-
ceed the critical пrаgпеtiс field strength В, * 1 N,lG
at rvhich the magnetic field becomes observable, so
irrcreasing пumЬеr of stars Ьесопtе "magnetics".

So, bot}r t}re magnetic fields in u,hite dц,,arfs and
the frеquепсч of magrretic rvhite dп,аrfs increase as

they cool down. А phvsical mecharrism is likely to ех-
ist that Ыiпqs аЬоut the increasing of magnetism of
white dwarfs wit}r decreasing temperature. The tem-
perature arrd the age of these stars аrе directly related
through а cooling function. The relationship found
сап еаsiеr Ье iпtеrрrеtеd Ьч considering the frequen-
cies on the scale of ages. Since the cooling of а in,hite

dlvarf depends strongl1- on its mass, рriоr to examina-
tion of the fгеqtrепс}, сlf magnetic ъ,hite drчагfs versus
the age, P,.(t), пlasses of rThite drvarfs shouid Ье es-

timated.

4. Masses of magnetic white dwarfs,
magnetic field - mass relation

\Iasses of li,hite сlч,аrfs сап Ье estimated on the Ьа-

sis of photornetг1, and раrаllах data with involvement
of the nass гаdius relation and the оrdiпаrу relation-
slrip betrтeen tlre Ьоlоmеtгiс luminosity, effective tem-

регаturе апd radius (for instance, Nlc\[ahan, 1989).
тhе most accuIate mass estimates calr Ье made on
the basis of sресtrurп modelling. As а rulе Hamada
and Salpeter (1961) mass-radius relations, derived for
а zеrо temperature апd ъ,ithout account of the mag-
netic field, аrе used. Results of determination of white
dwаrfs masses hal,e been published Ьу а number of au-
thors (e,g. Koester et aI., 1979; Koester, 1984; Berg-
еrоп et а1., 1992), \,{asses of about 200 nonmagnetic
white d,п,агfs hаче Ьееп measured. The present day
еrrог of mass determination v,,ith the application of
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the model аtmоsрhеrе technique is < 0.1М9 (Веrg-
еrоп et al., 1992). Fоr bright stars this is frоm 0.0,1

to 0.06 N{9. In оrdеr to find how the frеquепсу of
magnetic white dwarfs depends оп the mass and age,

knowledge of masses of as rnany nonmagnetic stars
as possible is required, partly at а sacrifice in mass

determination ассurасу. That is rvhy beiow чле deter-
miпе masses of a1I white dv,,arfs frоm the catalogue
Ьу N{cCook and Sion (1999) fоr п,hiсh the necessary
data аrе availabie.

Gепеrаllу speaking, а consideration of the соо1-

ing frrnction rvith allowance made for the magnetic
field аге needed. The quaTrtization of огЬits of frее

еlесtгопs brirrgs about а dесrеаsе in thermal сопduс-
tivit1, 1п the clirection поrmа] to that of the magnetic
field. but the effect is srrch that it must Ье takerr irrto
ассоuпt оп11, in пеutгоп stars, -whеrе thе magnetic
field is as stгопg as 1012 G (Page,1995). Fоr this
reason we assulne that the coo1irig rate does not es-

sentia1l1,, change because of magnetic fields and use

the sequences computed Ьу Salaris et aI. (1996) fоr
nonmagnetic охчgеп-саrЬоп white dwarfs. Тhе ргосе-
durе of determining of п,hite dwагf radii is described
in sufficient detai1 Ьу Koester et а1. (1979), Shipmalr
(1979), \{c\Ialran (19S9) апс1 Ьу оthеr authors. Tlre
ьоlоmеtгiс 1rrminosities сап ile found frош the atl-

sоlutе stеllаr magnitudes (NIcCook and Sion, 1999)

and frопr Ьоiоmеtriс соrrесtiопs fоr rvirite drvarfs of
different atmosphere composition. Fоr rvhite dr.varfs

ц,ith strong magnetic fields the Ьоlоmеtriс calcuia-
tions hal,e Ьееп lacking yet, therefore we use the соr-
гесtiопs gil,en Ьч Веrgеrоп et ai. (1995а) computed
fог nonrnagnetic atrnospheres of rv}iite dwarfs.

Fгоm оlrг mociel estirnations the hydrogeri lines
splittirrg in the rr-ragnetic field have а lesser irlfluence
on the bo1olnetric сотrесtiоп than the еrrоr in l,[., that
alnoullts to 1"'. rvhic}r соггеsропds to the nrass еrrоr
of t 0.2 - 0.3\I;l (see bclow).It should Ье rroted t}iat
thc рrоЬlспl of 1lolonretric соrrесtiопs exists fоr non-
nagnetic rTltite dlr,агfs as wel1 (Bergerorr et а1., 1997).

оп the basi-q of the evolutionary sequences of
rthitc drтaгfs calcrilated Ь1, \Vood (1990; 1992 and
геfегеtlсе,s thегеiп) it is possible to test the rnass-
rаdius геlаtiоtl of Hamada and Salpeter (1961), Using
\\ oocl's calcrtlatiorls Веrgеrоп et aI. (1992) have found
that thc itiассtlгас1, irr the deterпiination of masses of
li,hitc сlц,аrfs. ц,hеrr appiyirrg Harnada and Salpeter's
zего tеl]lрегаtl.tге геlаtiопs, геасhеs 0.05\,Io. Еоr t}re

rrse of \\'оос1 .-i sequences it is песеssаrу to know grаl,
ities. It is iпlроssiЬlе to derive а gravity directly
fгоm рhоtопrеtгr, data. t}rat is why we furthеr employ
Harтiada апd Sаlреtег mass гаdius relations. Photo-
tпеtгiс esttпrates thenrselves аrе 1ess ассurаtе than
specti,oscooic. t}iегеfоrе in thc mass radius relation
\\,е сап sаtЪ}r, use the арргохiпrаtiоп Т"6 : Q.

\lagnetic fieid is capable of changing the mass-
гаdius геlаtiоп. _\t а сепtrа1 field strength of а white

dъ,аrf of 1012,3 G the radius grочls Ьу 40 % (Shapiro
and Teukolsky,. 1985). The maximum observed sur-
face magrtetic fields аrе 109 G. The internal mag-
netic fields in white drvarfs сап deveiop to grеаtеr
strerrgtlrs, however until rесепtI1, the observatiotrs
provided no evidence in fa:i,our of existence of suсh
field inside white drvarfs. Thus, thеrе аrе по grounds
to believe that magnetic fields essentially аItег the
mass-radius relation, thеrеfоrе ,"ve do not take into
account rnagnetic field.

Thus, we have estimatr:d the masses of 1054 white
dwarfs fготп N{cCook and Sion (1999), for t,hich the
abso}ute magnitude estinrates аrе given. T}ris list соп-

tains 35 magnetic n,hite dп,arfs, Ttre bolonretric соr-
rections calculateci Ь1, Веrgеrоп et al. (1995а) аrе
presented sераrаtеl.1, fоr thc case of рurеlу, lrydrogen
(DA) and h1,,drogen-B.eak (spectral ciasses DB, DO
and also DC nitlr ternperatures aboye 6000К) atmo-
spheres of п,lrite dъ,arfs. Using the data we took intcl
acount the spectral class of wlrite dwarfs (DA or not
DA). А smali fraction of the stars (Iess than 5%)
аrе cold DC rlith tеmреrаturеs Ьеlоп, 6000К. T}rerc

is sоmе uncertaintт iп choosilrg а пrоdеl betrveen

}iуdrоgеп-гiсh and }rl,drogen-п,eak atmospheres. At
these tenrpelatures hуdrоgеп is not noticed iп spec-

trа (for instance, \\'eserrraei et а1., 1993). The очеr-

п,hеimiпg majoritil of the known rl,hite dwaгfs are

stars with hl,drogen atmospheres, thеrеfоге coid DC
п,hitе dt,arfs аrе рrоЬаЬlе to have also а hl,clrclgell

atmosphere. The Ьоlоmеtriс calcu}ations of hydrogerl
atrnospheres have been used for these stars.

Fоr the ц,hite dr,varfs of spectral classes DQ (spec-

tra with mоlесu]аr bands) and DZ (metal-line spec-

trа) the presented bolometric corrections cannot Ье

used because of tlre absence of calcu}ations of atmo-
sрhеrеs r,r,ith srrch а cherriical composition. Fоr these

stars black-body, lэolometric corrections ha,"e beei,

used. This is а сгudе allproximation. but thеrе аrс

no mоrе than б % of such stars. Thus, it сап ]эе Ье-

lieved that about 90 % of the computed masses ale
sufficiently rеliаЬlе.

The shaded histogram in Fig. б shon,s the пrаs.

distribution of 1019 rronlrraяnetic white dwarfs. The
ab-colute magriitudes (\{cСook and Sion, 1999) werc

obtained with the use of both trigonometric (1:

known) and sресtгаl раrаllахеs. The пiеап mass ]:.

this distribution is 0.65+0.01N,Io. The unshadec
lristograrn in Fig. б stroц.s t}re masses of 162 D r_

white drvarfs oЫained usirrg the trigonometric раг-
allaxes alone. The mean mass of these stаrs :.

0.57 * 0.02Nto. Tlre latter value is чеrу close to th.
mеап Inasses of white dwаrfs given Ьу оthеr аuthог.
Using tlre spectroscopic teclrnique, Веrgеrоп et а.

(1992) obtained the r,,alue of 0.54 + 0.01\4о. Koeste-
et al, (1979) provide an estimate of 0.58 * 0.01trI ;

from рhоtошеtrу (with iпчоlчешепt of atmosphe:,
models). Close l,alues аrе given Ьу а пumlэеr of othc:

ь-
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Figure 6: The mass di,stri,butioп, of rtоп,m,аgпеtiс white
dшаrfs ulithin the different sa,m1lles.

authors (Shipman, 1979; Koester, 1984; \,{с},,{аhап,
1989). Note that iп computations of пrasses the most
ассurаtе grids that relate masses, radii and tеmрега-
turеs аrе used Ьу Веrgеrоп et ai. (1992). Other саlсu-
latiorrs rеlу on Hamada and Salpeter (1961) relation
and show systematicaily а sclrnewirat higher чаluе for
ilre mеап mass of white dwarfs.

тhе difference in the mеаII mass estimates оь-
tained frоm trigonometric parallaxes only and frоrrr
lгigопоmеtriс * spectral ones is connected wittr iпг
perfection of the spectral technique of раrаllах de-
iermination. Tlie published пiass estimates of v.;}rite
drvarfs that has been performed b_v different аuthоrs
,lr,еr the last 20 years spread in the mеап mass frоm
i).54 to 0.66 Мо (Bragaglia et а1., 1995; Веrgеrоп, et
а1.. 1995Ь; 1997). Al1 the results are similar at the
.er,el of ассurасу 0.1\,Io. It is seen frоm Fig. б tirat
:he determination of absolute magnitudes based оп
spectrai parallaxes introduces оп а\rеrаgе а system-
atic еrгоr of +0,08N[6. Frоm а соmраrisоп of the
гwнN,{ of оur distribution vrith that of the distribu-
:ioti given Ьу Bergeron et а1. (1992) the estiпrate of
.ire еrrоr of оur mass mеаsurеmепt foliorvs. rvlric}r is
approximately equal to 0.15-0.2 N,19. The mass dis-
l-ibution of non-DA rvhite dwarfs (Ohe et ai., 1984)
,,,ith оur accuracy taken into account, is close to that
f DA rvhite dwarfs. Thus. loosing lэу about tvrice

_:] ассurасу of individrral estiпrates, we have а suffi-

о
z
z 0.10

Figurе 7: The mаss
dularJs.

0.6 0.8 1.0 1.2 1.4

lV,/lй о

distrihlttion of mаgпеt,iс шhitе

ciently lаrgе sample of rvhite dwarfs r,vith estiпrated
massesJ which is essentially 1аrgеr than all published.

il.,{asses of rragnetic white drvarfs rvere eva]uated
in а similar mаппеr. The absolute nragnitucies рrе-
serited iп the cataiogue bv N{cCook and Sion (1999)
rvcre deгived lэoth frorrr trigonoпietric arrd spectral
раrtrllахеs. Тhеч used trigonometric раrаllахеs only
fоr stаrs slro,л.ing the vaiues очеr 01'1, otherrvise раrаl-
laxes rтеrе estlnrated fгоIп соlоurs of differerrt photo-
metric svstems (}JcCook and Sion, 1987; 1999). Fоr
magrretic stars rчhеrе spectTophotometric parallaxes
mау invoh,e сопsidегаЫе errors) we used only trigono-
metric раrаllахеs. ,пл,hеrе it \\ras possible. WЪ rid thus
the mass estinrates of the uncertainty caused Ьу rnag-
netic field. Fоr the stаr PG 1658+441 (В, : 2.2 \{G)
а соIrесt r,alrre, \I, = 12,56 rvas taken frоm Schmidt
et ai. (1992).

Fig. 7 displal.s the rnass distribution of 35 mаg-
netic п,hite dп.arfs. The average rnass value derived
frопi а11 star-q is 0.89+0.04N16. Fоr sorne mаg-
netic stагs (massive, as а rule) from this sample
the mass estimates Ьу other authors are available.
Аmопg the magnetic rvhite dwarfs, ъ,hоsе masses
аге al.ailable in the literature) оur sample has white
drvarfs v,,ith masses highеr than 1.1 N{6. They are
GD 229 (В, - i000 MG), BPN{ 25114 (В. в 25 N,IG),
G227 035 (В, аз 120 NIG), LP790 29 (В, t 150
N{G), G240-72 (В, в 150 N,{G), PG 1658+440

0.4
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(В. t 2N,{G), GW+708247 (В, l230 N{G), Indeed

all these rvhite drvarfs }rave Ьееп knorvn to date as "u1-

tramassive" (see LiеЬеrt, 1988; Jordan, 1997; Schrrridt

et а1., 1992) with rnasses grеаtеГ than 1.1 N'I61, The

fact that оur mass estimates of the stars (that have

received the most study) аgrее п,ith the data of оthеr

authors is evidence of соrгесtпеss of оur estimates of

magnetic white dwаrf masses.

Liebert (19SS) has srrggested that magnetic white

drvarfs are. on аyеrаgе, mоrе massive tlran попшаg-

netics. Using the diagram (V - I) + (G - R) - \I"
Liеьегt has found rr'agnetic t,hite drvarfs to Ье less

lumiпоus thali the same tеmреrаturе nonmagnetic
stars and conclutled t}rat they, аrе mоrе massive, In-

deed. rrragnetic rvhite d,,l,arfs аrе) on ачеrаgе, essen-

tiall1, mоге пtassive than nonmagnetics (Figs. б and

7). The а\,еrаgе masses of these two types of objccts
diffег br. 0.24\Io rvith an еrrоr of 0.01N'Irr in поrmаI

rl,hite drчаrfs and 0.04N,{q in magnetics (ali stars in
Fig.7).

Besides t}re di{Теrепсе in the 1пеап masses) we

see that tlre ntass distribution of magnetic dеgепеr-

ates is rlot tlпlfоrпi. Ana,i1,sis has shorvn that it dif-

feTs frоm norrrral distгibution with а confidcnce level

of > 90 %. Тhе clistribution in Fig. 7 in the inter-

val of rnrrsses оr,еr 1.1\,{,,.-, diffeTs frоm tlrat given iп

Fig. 6. Гrоm the distribution iп Fig. 7 опе can see

the existence of trvo diffеrепt populations of magnet-

ics -,- а "massive" population with masses greater

t}ran about 1.1 and а "normal" one having nraSSeS

smаllеr than 1.1\,19. The solid lines rергеsепt the

Gaussian аррrохimаtiопs of the two populations,
The1. prol,idc t}re values of the distribution rnaxinra

\I. = (0.8 + 0.03)\{а fог the latter population and

\I" : i.l,]\I-;, fог thc fоrпiеr. The widths of tlrese

cilstгibLrtiorrs Г\\-н\1 : 0.2NIo and F\\iHNI = 0.1Nlial

fог 1lоth populatitlns. гespectively,
\orl rve ехапriпе relative frequencies of mаg-

rretic arrd noItmtrgnetic staгs of masses { 1.1NI;, and

> 1.1\I ; Tlre fгеtluепс1, of rriagnetic rvhite сlц,агfs

irr the гсgiоrl of tttasses < 1.1N{9 (with an ассurасу
th:t taltes a(,Cotlllt of оп11, the rirndorn statistics) is

0.U3 - i1.1]1, This l,alue iп the regiorr > 1.1\{,1 is

о.21 * tl 02\1 ; Tlie fгеquеrrсч of magnetics among

r,егr, tlla_.sir'(, ,сtагs is br, а factor of 7 highег thап
aIIIOllg ri-hiTc rlll,:,Lгfs of ordirraгy naSSeS. Let tts соп-

sirlог tilt, t,c,iiltilc tlunrbers of massive stars iп Eigs. 6

and 7, -\tltt-l:lg tlle nonlnagnetic ц,hite drvarfs thc ге1-

atile t,ll_ttll1let, of stаrs ц,itlr masses ) 1.1\,[з is 0.03,

rтheTeas tlreir пuIпЬет amounts to 0.29 аmопg шаg-

пеtiс: сlеgеilегаtеs. It i-c seen that massive stars among

п-il,t_]llelics ale br, а fасtог of 9 mоrе numerous than
2j:, :i_ :. ,],]I_pqn, liC,.

Tell .iаг. г-lut of 35 magnetics presented in Fig. 7

ll;1!e: ltla.SeS > 1.1\I-;. It is r,еrу importa,nt that
i si;.t,s ,,ц1 с{ these 10 stаrs have magnetic fields

В. > ]i,i \IG, -\пlопg the remaining 25 magnetic

stars of "оrdiпагу" masses there is not а single star
ц,ith а magnetic field exceeding this value. Thus, the

frequenc1, of strongly magnetic (В, > 100 \,iG) stars
апrопg magnetic white dwarfs of ordinaril masses

equals zеrо, while аmопg very massive ones it makes

70%.
Frоm examination of Fig. 7 one can assume that

аmопg the 10 "ultramassive" magnetic п,hite dwarfs
rr,ith masses exceeding 1.1N{9 thrее stars, in fact, Ье-

long to the оrdiпаrу population, irr which no stars

riith fields > 100 \4G are оЬsеrчеd. These thrее stars

and also 3 least rnassive (\{ < 0.6N,1o) stагs rпа1,

rvell герrеsепt the u,,ings of the sушпrеtгiс distribu-
tion of magrretic rvhite dnarfs of "ordinary" ma,sses

tlre nrairr poprrlation of these staTs. The rеmаiп-
ing 7 most nrassir,e and most magnetics rерrеsепt the

second population of magnetic white dwarfs. The рrо-
portion of the stars that Ьеlопg to the second рор-
ulation of magnetic white drvarfs ("ultramassive"-
"ultгаmаgпеtiс") is н 7 f 35:0.2.

Iri the аьоче discussion it was indicated that
stгопg magnetic fields (В. 2 100 N{G) prodrrce the

blalrketing effect essential fоr }rot rvhite drvarfs: the

deliression in u\r and the brightness increase in vis-

ible. It mау ,л,еI1 Ье that the blanketing does not

clistort strongly tlre В -\l- lndex, i.e. }ras no irrfluence

оп the tеmреrаturе measurements. Ноrr,ечеr the tеm-

реrаturе of majoritv of the most magnetized ,л,hitе

clrvarfs rTas deterrrrined Ьу different authors using the

model atmosphere rnethod with a}loi,vance nrade fol
the magnetic field. Because of the blanketing one mа},

overestimate visuai brightness of magnetic degeneratc
(\,{,), i.e. orlerestimate the rаdius and uпdегеstimаtе
the mass. Usirrg t}re nonrnagnetic Ьоlоmеtгiс согrес-

tions results in ol.erestimating luminosities too. so t}rc

masses of the ultralnagnetic ц,}rite chvaTfs пrау Ье un-

derestirnated. Taking into account these effects haтe

to strengthen the observed separation of tц,о рорulа-
tions of magnetic rvhite dц.,аrfs in masses.

so, two independent conclusion follow frоm anal-

ysis of masses of ц,hite dlTarfs (Fig. б and 7).

1. Nlagnetic ц,hitе drvarfs аrе) оп the аl,еrаgе,

tп,,го maSsive 1hln попmаgпстiсs.
2. The sаmрlе of magnetic white clwarfs is rroi

homogeneous. It consist of trvo tvpes of obiect,,:

"оrсliпаry" mass rr,hitc dц,агfs rvhose magnetic field

в, < 100 \,{G and massive (to }lе пrоrе precisc,

"ultramassite") rl,hitc: dп,aTfs. B,hose magrretic fiell:

в. > 100 NIG.
Let us rеfiпе the пrealr masses of magnetic rvhite

drvarfs. The mass of magnetic degenerate is large:

than that of а nonmagnetic Ьу 0.24 + 0.04 NIo. I:

the two populations of magnetics аrе examined sep-

аrаtеlу, the mеап mass of the main magnetic popu-

lation exceeds then the mеап mass of а nonmagnptl
star Ьу 0.15 + 0.03 NIp, ц,hilе а white drvarf frог,

the "ultгamassive-rtltramagnetic" population is, оl,

we
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the average, Ьу 0.4 N46 mоrе massive than а поп-
magnetic white dwarf.

Тhе idea that magnetic ц,,hite dц,аrfs rерrеsепt
two different populations: "поrmаl" stars апd ultrа-
massive has already Ьееп discussed irr the litеrаturе
(Jоrdап, 1997). Probably the two types of objects
hаче diffеrепi history of evolution. Fоr instance, the
stars of the 1аttег population have passed evolution
in binaries, or ечеп а particular е,,,оlutiопаrч stage оf
rпеrgiпg tu,o r,r,hite dw,arfs, t}iat is ц,h}, t}rese аrе lnas-
sive single stars. In апу case observatioTrs of rnagnetic:
lThite dwarfs for variability of гаdiаl r-elocities arld
examination of their sресtга in пеаr IR fоr а sсагсIi
fоr secondary star sееm to hold muсh рrопrisе.

5. Frеquепсу of magnetic white dwarfs
versus а lifetime

Our sample of white dп,агfs for wlrich effectivc tern-
peratures сап Ье estimated iп а urrifiec] fashiolr соп-
tains 1274 stars. It includes 38 mtrgnetic stars, and
tlreir shаrе in the total sample is 0.03. \\'е haтc istl-
Lated stars fоr which we сап рrочidе rnass c:stimates.
This suЬsаmрlе comprises 1054 wirite du,arrfs 35 of
rlliich are magnetics. Тhе shаrе of rrragnetics is also
].03. The equality of thesc: tпю rаtir;s suggests that
:}re subsampie of magrretic, rvhite drvarfs is unbiased
lгоm the point of чiец. of сlеtегrrriпаtiоп of terrtpera-
,uгеs and mаssеs and, therefore. ages as u,еll.

In age estimation of rvhite dwarfs wе use the
:€Qцепсеs of Sаlагis et а1. (1996) for norrmagrretic
,хl,gеп-саrЬоп white dwагfs. The sequences аrе giгetr
:,,г rnasses 0.54 1.0 Ni6. \Ve have irrteгpcllated tliese
ipquences to а чаiuе of 1,2 N'I;l. Irr dett,rrtrining
_l{es w€ used the unified ечоlutiопаrу sequences
:f (Т.rт,\,1) for botlr rrопmаgпеtiс arrd mаgпеtiс

-: t аrS.

The frequency of magnetic white dч,аrfs having
..elds over 1 N4G is рrеsепtеd in Fig. 8. Eilled circles
:rdicate the frequency olэtained for all magnetic white
iri,arfs. Ореп circles аrе for magnetic white drvarfs
_:i the vicinity, of the Sun, d<25 рс. The horizontai
, аrs show the age iпtеrчаls inside which the freqrrenc1"
,.as averaged; the чеrtiсаl ones аrе statisticai еrrоrs.
\s it is sееп frоm the figurе the fгеquепсу of rnag-
etic degerierates shows rеgulаr tendency,to iпсrеаsе

,-it}r age. The value of Р- increases even despite the
..ct that ц,lth iпсгеаsiпg age (with cooling arrd геduс-

-_эrr of brightness) of ivhite dп,arfs, detection of thеir
.agnetic fields gets mоrе diffficult. Such а selection of

...agnetic stars with growing age has, in principle, to
._irrinish Р-.

The rise of P*(t) is геguiаr, the mахimum and
.;пimum values differ at а confidence ievel of 0.9995.

_ llе relation constructed from the sапrрlе of near-
,,- staгs stili furthеr strengthens the observed effect.

0.20
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Figurе 8: 7hе JrequeTt,cy ot rпаgпеtiс whitе dulart's d,e-

pen,d,irlg оп thei,r age.

Cclnsicleгing olrly nearest stars we take into account
the strongest obserl,ational selection: the сооlет the
rvhitc dц,arf, the fainter it is and the mоrе difficult
to firrci sitch stars iind, lпоrеочеr, to recognize thеir
rrragnetic паtlrIе. So, п,сl believe that the iпсrеаsе in
the freqtrences of соо1 пiаgпеtiс dеgепеrаtеs is rеа1.

Thus п,е have found nragrretic fieids in ц,lrlte
clwarfs to grorv as tl.e stars соо1 dorvn. Obr,iousl.v
tlris is the сause of irrсreasing frеquепс1, of magnetic
rvhite drvarfs п,itlr age. The diаgrаms of frequencies
of magnetic rThite dwarfs чегsus telnperature and age
(Fig. а and 8) and the diagrams magnetic fie}d -
tегпреrаtuге and age (Fig. 5 and 9) аrе irrdependent
and coпrplement each оthеr. Indeed, the fгеquепсч Ье-
hаr.iоur suggests that п,ith decreasing tеmреrаturеs
ап increasing пumЬег of stars go fгоm the region of
поппаgпеtiсs (В. < 1 \"IG) to the region of rnagnet-
ics, i.e. тtеъ. magnetic white dп,arfs арреаr in the
соursе of the evolution. This itself does not mеап
t}rat on the diagrams B,(T"g) оr B.(t) we hаче to
see ally гelatiorrships, It can, hоч,rечеr Ье argued that
if the function of magnetic fie]d evolution B(Bg, t) is
independent ог опlу slightly dependent on the ini-
tial magnetir: field В9, w€ will see relationships on
diagrams В.(Т"я,) and B,(t). These diagrams suggest
that the evolution function may really Ье indepen-
dent оп the initial magnetic field. The same сопс]u-
sion follows frоm anall,sis of сurrепt and initial mag-
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Figurе 9: The relatiorlshi1l betaeerl surfасе ma.qnet;lc

fields of Lllhite duаr,t's апd thei,r ages.

netic field functions (FaЬrika and Valyavin, 1998). So
we can claim hеrе frоm the diagrams Р*(Т"rr, t) that
magnetic field evolution does exist, and assume from
the diagrams В*(Т"g), that at least at fieid strengths
В" < 100 MG the evolution is likely to Ье indepen-
dent on the initial magnetic field.

It is seen from Fig.5 that beginning with temper-
аturеs of аЬоut 10000 К, the magnetic fields cease
gradually to rise, further they show а tendency to
decay, Such а surface temperature corresponds ар-
proximatively to beginning of crystallization in а
чrhite dvrаrf of 0.6 М9 (Lamb and Vап Ноrп, 1975;
Bisnovaty Kogan, 1989). This may suggest that mag-
netic field intensification mechanism is discontinued
Ьу crystallization and we further*may observe а decay
of magnetic fields. Тhе decay time is about 10 Gy,
vlhat is longer than cooling time (WendeII et ai.,
1987). The observational data avaiiable now do not
allow the field decay to Ье studied.

Fig. 9 shovrs the diagram surface magnetic field -age, This diagTam includes 48 stars. Different sуm-
bols indicate the kпоvrп magnetic white dwarfs hav-
ing age estimated, Filled circles mаrk massive stars
of masses очеr 1.1 Mg. Open circles ате for stars
of smаllег mass. Asterisks show white dwarfs whose
maýSes ате шrkпоý/п, М:0.8Мо was accepted fоr
them. As it сап Ье seen from Fig. 7, this is an ар-

рrохimаtе ачеrаgе mass of the main population of

magnetic wlrite dwarfs. In magnetic fie]d strengths
the diаgrаm is divided into two раrts: the lo,wer part
up to 150 N{G and the uрреr one оп а logaгithmic
scale очеr 100 \,IG. Up to 150 \,1G the оlэsеrчеd mag-
netic fields of w-hite dп,arfs сlеаrlу tend to increase
with age. At higher field strengths ц,е see the sepa-
rate population of ultTamassive-ultramagnetic stars.
Fig, 9 confirrTrs tlre assurnption stated above that ul-
traпtassive and rrltramagnetic ш,hite dwarfs rерrеsепt
an isolated class of objects.

The рrоЬlеms of origin and evolutiorr of magnetic
fields in ц,hite dwarfs ц,еrе studied bv mапу authors.
ЦIendell et а1. (1987) pгeserrted calculations of ап
axial-symmetric magnetic field decay in white drvarfs.
The пragnetic field is believed to Ье residual frоm
the field of а ртесursог star. The рIеsепсе of residual
strong magnetic fields in ц,hite dп,arfs is explained
Ьу the existence of the main sequence magnetic stars

- рrесuгsоrs of rnagnetic white dwarfs (Angel et а1..

19В1; Schmidt and Smith, 1995; Putne1,, 1997). Ап-
оthеr аррrоасh to ttre рrоЬlеm suggests consideration
of dynamo rnechanisms (fоr instance N{arkiel et al..
199,1; Thoma,s et al., i995). Оur results slrow that
in arry case опе should examine both points of lierr,,
cspecially at earl,r, stages of the white dwar:fs ечоiu-
tion. Frоm оur data it fo]loъ,s that, beginning at least
rvith the age of 107 у,еаrs (the temperatrrre is about
30000 К), the surfЬсе nragnetic fieids of rvhite dп,arf,.
аrе surе to risе, \\Ъ rvill discuss tlvo possib}e iпtегрrе-
tations of the effect:

э iпсrеа.siпg electric conductivit1, in а whitc
drlаrf assuming а corrstant electromcltirre force;

о oritr,vard diffusion of the magnetic fielc
"hiгied" at the star formation.

Тhе lirttеr scerrario iras beetr propose<l ttl us bv
A.I. Tsl.garr.

In Fig.9 three massive white dv"arfs v,,ith а геlа-
tivel}, weak magnetic field (<i00 N,[G. as ц,е asbumet:
whеп examining Fig. 7) can well rерrеsепt а "rnassiтc
tail" of the mаiп popuiation of пragnetic rпltite drvarfs,
Thei. fblloll,, well the gепеrа1 tгеrtd for fleld strengtl_
increase as rvhite dr.varfs of "оrdiпаrу" masses аге
cooled doTvn.

\Ve see that 7 stars of rrltratnassive (> 1.1N,{a
and ultгamagnetic (>100 \{G) population in the up-

реr part of Fig. 9 stand out also for tlre behaviou:
of B"(t). Indeed, an арраrепt decrease in the rnag-
netic field strength with age is observed there. Thc
time of rnagnetic field trr,o fold deca), in these object=
is observed to Ье about 3 Gy. Calculations of mag-
rretic field decay time iп u,,hite dwarfs yieid а ча]uе о:

about 20 Gy for the main dipole eigerrmodes (\\Ъп-
del} et а1., 1987). With growilrg mass (down in radius
this time decreases as о< R2. Iп particular, the radiu.
of а white dwarf of N4 > 1.15N1O is ( 0.5 of а rа-
dius of white drvarf with NI : 0.6\,Io. Following Цrеп-

о
=
щ

100

= 80
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a
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dell et а1. (19В7) опе сап find that for а w-hite drчаrf
mass \'I > 1.15NIб the deca}. tilne of а dipole field is
< 5 Gy that agrees v,,ejl with the value obtainer] frоrп
Fig. 9. The decay time of magnetic field of а mоrе
cornplex geoпretry (quadrupole, etc,) is shогtеr.

Thus, we mау suppose that in the case of
"ultramassive ultramagnetic" dеgепегаtеs \ye оЬ-
sеrче directly the рrосеss of mаgпеtiс field decay, and
the decay Tate being close to that given Ьу thеоr1,..

The fоrmеr scenario of magnetic field rise is ba,sed
оп the assumption of existence of an electromotir.e
fогс:е in these stars. The еiесtriс corrdrrctivit1. irr
rv}rite dwarfs risеs rvith star coolirrg. Pikel'rrer (196б),
Shlyrrter апd Birпran (1954), Shl1.,utег (i956a,b) and
оthеr аuthоrs discussed different scenaria of the e.rn.f.
gerreration of closed сurгепts in а star. Those cuгrerrts
pToduce rnagnc:tic fi elds,

The еlесtriс conductivity risе ц,ith tiпie in the
рrеsепсе of the ехtеrпаI e.rn.f. can account fоr the
observed iпr:rеаsе in magnetic fields. If the e.rn.f. is
assumed constant and fcrr some rеаsоп kept until сrуs-
taliization is оt,еr, orre is likely to оЬsеrче ап irtcrease
in the пragnetic field strengt}r as а rvhite dwагf cools
dorvn. Irr this scenario the magnetic fielcl stгength iп а
dеgепеrаtе п,ill сhапgе ц,itlt time iп ргороrtiоп to tlre
уrrriation of its electric conciuctivit},. The coirc.']ucti.,,ity
irr rvhite clwarfs hаs been ca]crrlated. \Ve use lrere tlie
computations of \\'elrdell et а1. (1987) , The dashed
iines in the iоwеr рапе1 of Fig. 9 shоw ihe rriagrretic
lleld evolutic_ln iTr tliis sсепаriо. The e.m.f. is believed
lо exist thеrе uр to the point of cornplete crystalliza-
iiorr. that is about 5 Gy for а rvhitc: dwarf of 0.бN{о.
Irr spite of the гс,ugh assumptiotr taken irr this sce-
ltагiо, the gerreгal agIeement betrveen the cclnductir-
.ll, tracks aricl the observation in Fig. 9 suggests t}ra1,

:his sсепагiо calls fоr а поrе sегiоus exanrination.
Тhе second interprctation rэi tlre degencrat,e rn:ig-

]letism rise with time srrggests the magriet,ic field to
iiffuse frопr iппеr region otrtward. At а rv}rite сllчагf
_эгпtаtiоп during tlre red giant соrе collapse Liecause
,l пеutriпо cooling the iпiеriоr contracts faster than

-hе оutеr parts (\!Ъпdеll et а1., 1987). L,{agnetic fields
.ге "sucked in", attd the gas accreted frоm lhе оutеr
,)агts сочеrs magnetic fields. \Veridell et ai. (1987)
,lегfоrmеd tlreir computations disregaTding rotation.
.ilrl,ever, tlie1, fbutitl tha.t eveir so the geornetrv of

,lre initial magnetic field пrау 1эе essentialil.distorted.
ihе buried magnetic field diffuses outward fcr а tirrrcl
,t,ale t rэ 1тсгR'2 f с2 (Pikel'ner, 1966), ilhеrе R is tlre
liагасtеristiс lal,gl- ,ir. the rnagnetic fieid diffuses
l(,гоss, о is the electric conciuctivity,. N,iagnetic: field
_iffusiorr and decay, аге in fact ttre same processes.
',\-hеп 

diffusing iп the conductor the field is decaying
: about the sапrе time because of оhпriс losses,

Frоm оur data (Fig. 9, bottonr) опе сап гоughlу
ttirlrate that the time of е fold iпсrеаsе in magnetic

,.:1d strength in а white dwarf of оrdiпагч rnasses is

2.5 Gy. If this time is that of diffusion, then we can
find t}re depth of field огigiпаI location inside а wlrite
dwarf, It folior,vs frоm \\rendell et а1. (19S7) results
ihat t}re electric conductivity at degenerate сепtеr
right after its formation is аlэоut 1921.-i arrd 10 Gy
Iаtег it is р 3. 1922r-1. Taking о = 1021s- 1 find the
depth of location to Ье R, в 7 ,7 . |07 сm, which is опiу
10 % of the radius оf а ivhite dп,аrf of 0.6N,to. Consid-
ering the fa,ct that the corrdrrctivity in the outer de-
generate рагts is about orre оrdеr of magnitude lоwеr,
theri the depth of field location immediately after the
lvhite d,"varf fоrrпаtiоп ,"vil] turп out to Ье 30 % of its
radius. \\re see that оur estimates lead to quite rеаi
values, i.e. they аgrее ъ,itlr the idea of diffusion of the
Ьuriеd mаgпеiiс field.

LlltTaпrassir.e ultrаm;э.gпеtiс degenerates do not
slrоъ, the magnetic field strength to iпсrеаsе rvith
time as it is the case ц,ith magnetic stars of ordi-
паrу masses. Ultra-massive B,lrite dwarfs are likely to
have passed el.olution as binarv systems. Тhеrе аrе
two possible v;;rl,s hеrе.

1. The ultгаmirssil.е ultгtrmagnetic degenerates
l,r,eTe forrned as а rеsult of пrergirrg of trvo rvhite
dц.агfs. 'Ilreir magnetic fields пriglrt t}ren turrr out tcl
Ье at tlre sriгfасе right, аftеr tire formaticln of а пец,
tlegerreгate, that is п.hу-оп1l.пrаgпеtiс field decal,is
о"lэsеrчеd,

2. Tlrese stars rчеrе forrrred irr catacll,sпric r,ari-
ables, where а white dwarf 'lэесоmеs а mоrе massive
becatrse of а stirndard gas accretiorr. Тhеп the terrr-
peratur-e of the accretirtg (massive) r,vhite dv;arf rose
as а геsu].t of aсcretiolt. Because of ассrеtiоп heating
thе agll rэf sur:h stars is actrrally, grеаtеr t}ran ,ihat rve
hal c obta.ineci l;1" а starrdaTd cooiirrg functioti of r,vhite
drr,arfs. Fоr ttri-ч гсz.Is()п tlreir rTragnetic fields lrave а1-
геаd1, di{Tusetl tliitn a,гd. attd tt e t}rеrеfоrе observe orrly
the effect of the fic:lrl deca1,.

Iп 1,iris papeI l-rre do rrot airn at irrterpreting the
found effects of magnetic: field evolutiori in rvlrite
dri,arfs. Neveгtireless, lTe hate discrrssed tr,vo pr.oba-
Ьlе sсenaria of епhапсепrепt of magnetisпr of white
dr,varfs rтitir tine апсi shоц,п bc;th of them to Ье
consistcrrl rvitlr obserr.ai.ioris. \Ve hаl е also sug-
gested tlr.o ilrteгpretatioiis of t}re fourrd populatiorr
of "riltгarrtassive ujtraritagrretic" degenerates. This
population itself carries а grеаi irrierest. It is ех-
trеmеl}, irnportatrt tc; study in detail гоtаtiоп ре-
Tiods and rnagneiic field geornetr1, of ultramassive-
ultrarnagnetic w}rite dч.аrfs. Suc}r data can give а
light irr understandirig of these stа,rs.

6. Conclusion

Based on photornetry and раrаilах data,. we have es-
timated tеmреrаttrrеs of 1225 nonmagnetic and 49
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magnetic white dwarfs and masses of 1019 nonmag-

rretics and 95 magnetics. Accuracies of these раrаm-
еtеrs have been discussed. \\ъ had the task also to
analyze systematic еrrоrs in determination of ternper-

atures and masses of rvhite drvarfs. Оur temperature
and mass estimates аrе less accurate than the esti-

mates made using the model аtmоsрhеrе methods.

However, we have obtained in this way а considerable
sample of rvhite dwarfs, quite sufficient for statistica}
studies.

The frequency of magnetic white dwarfs has Ьееп

found to Ье strongly, dependent оп tеmреrаturеs of
these stars and, thеrеfоrе, оп their age. ЦIе hаче thus

confirmed the suggestion of Liebert and Sion (1979)

that magnetic ,,l hite dwarfs аrе more frequent аmопg

cool stars than among hot stагs. Possible effects of
observational se}ection аrе discussed and taken into
account. Taking ассоuпt of observational selections
Ieads to an essential iпсгеаsе in the arnplitude of

the found magnetic field evo}ution. With dесгеаsiпg
tеmреrаturе of degenerates, the пumЬеr of rnagnetic

stагs among them and also tlre а\rеrаgе magnetic field
strength of а ll.hite dп,аrf gгоw llu,itlr а t5,pical tirne

of t = 2 - 3 Gy and rеасh а maxirnum at а photo-

sрhеrе tеmреrаtuге of about 6000-8000 К. With fur-

thег cooling the mеап magnetic field is observed to
dесгеаsе. rvhich is possible due to its decay. Horмever

this effect is not significant. It has been assumed that
the rnagnetic field evolution function of degenerates
В(В6. t) is independent (оr slightly dependent) оп the
initial magnetic field Bg.

The оЬsеrr,еd evolution of magnetic fields is dis-

cussed rvithin the frаmеs of two scenaria:

r the change in magnetism герrеsепts the e,n,ohr-

tion of electric coductivity inside the star under the

conditiorr of constant ехtегпаI е.ш,f;
. the magnetic field "buried" during formation

of а dеgепегаtе diffuses outward.

-\ comparatlr.e analysis has Ьееп made of masses

of magnetic and nonmagnetic white dwarfs. \zlagnetic
degenerates have Ьееп found to Ье mоrе massive. This
is consistent ri-ith Liebert's (1988) result, The mеап
mass of а nragnetic rvhite dwarf is about 0,25\4о
1агgег than the аr-егаgе mass of а nonmagnetic de-

genelate, The fTequerrc1, of magnetic stars among the
nost Irrassile degenerates is пеаrl1, arr оrdеr of magni-
tude highег than alrrong rl,hite dwarfs of поrmаl mass.

It has Ьееп found that magnetic white drvarfs

theпiselr,es ale not а }romogeneous class of оЬ-
jects. Thel,consists of two populations: degener-
ates of "огdiпагr"' masses whose magnetic fields
В. < 1OLr }iG: "ultrапrаssir,е ultramagnetic" white
сlп,агfs rlitlr Irrasses > 1.1N,Iб and magnetic fields
Bs > i{JU \1G. Апrопg the stars of the secorrd рор-
u]ation the пtagTretic field decay with а tirne scale of
l З Gl, is оЬ,.егr,еd, Such stars account for about 20 %

аmопg magnetic white dwarfs. We believe that mag-
netic ц,hite drпarfs of this population have evolved in
binary systerns. They may Ье rеsultеd frоm mеrgiпg
of two degenerate stars оr they mау accumulate mass
as а result of gas accretion in standard СV sсепаriа.
Тhus if the stars of this type wеrе fоrmеd as а result
of mеrgеr, then they аrе singie stars; if there п,еrе no

coalescence, thеп the second сошропепt have to Ье а

Iow-mass degenerate оr а planet. In the second case

the componerrt mау Ье nrarkedl1, сооiеr than the оь-

served magnetic ч,,hite dч,аrf because of the coolirig
time of а white drчаrf depends strongly on mass,
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