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Abstract. The frеquепсу of magnetic white dц,arfs is shоц,п to decrease sharply rTith distance.
This is caused bl, two rеаsопs: 1) the observational selection rve оЬsегl,е cool stars only at
shоrt distances; 2) evolution of u,,hite drvarf magnetic fie}ds (Vаiуачiп апс1 ЕаЬrikа, 1998) - the
п,hite dп,агfs' average magnetic field increases with their cooling. We }rave estimated the rеа1
fTequencies of hot (Т > 10000 К) and cool (Т < 10000 К) magrietic degenerates. The frequerrcy
of lrot stars is 3.5 * 0.5 %, tlreir пumЬеrs аrе selection independent to distances 80 + 10 рс. The
freqrrelrc1,of cool staIs, as estimated for distarrces to 25 рс, is > 20t5 %. Ner.ertheless, vre probably
rinderestlmate tire пuпrЬеr of соо1 rnagnetic degenerates among the coolest stars. А magnetic field
ftrnctiorl (\IFF) of п,hite dr,varfs rb,as str:dicd irr the rапgс of surfасе nragnetic fields frоm б kG
to 1 GG. This function is а роrчеr functioTr rTit}r а spectrai irrdex rr = -1.5 t 0.1. Тhе Д,tFl'of
hot degeneгates (initial) and the NIFF of соо} degenerates (сuгrепt) аrе discussed. Тhе slopes
of both fuпсtiопs аrе the sаmе iп spite of the stгопg magnetic field er.o1uticin in rvhite dц,arfs,
This сопfirms t}re idea tlra,t the magnetic field er,olutiorr iп degenerates does not depend in а first
approximation on the initial field strength. \\'е lrave concluded frоm the \{FFs analy,sis that tire
рrоЬаЬlе miпiпrа1 lаrgе-sсаlе magnetic field strerrgth of lrot rvhite dlvarfs is trbout В, * 1 - 10 kG,
and this vaiue ilr соо1 rvhite dп.arfs is аЬоut В. в 10 * 50 kG.

Кеу words] stars: ц,hite dwarfs: rnagтiclic ficlds: el,olution

1. Introduction
Thc frequenc1, of rvhite dwаrfs depending оп their
magnetic fields lvas first r]iscussed Ьу Angel et а].
(19Е1 ). The1, estiпrated the ачеrаgе frequency of mag-
netic rтhite dri,aгfs to Ье of аЬоut 1 2%. Thev соп-
cluded t}rat this .,,alue is а lоrп,,ег 1imit sirrce the пum-
Ьег of n}aglletic stars is underestirnated because of
оЬ-чегr,аtiопа1 sclectioris. They suggested the rеа1 frас-
tiorr оf titagneticl ц,hite dп,arfs to Ье about 5 %. Очеr
the 1last 15 r,с:аrs the number of spectroscopicall_v c]as-

-чifiесi degerreгates increas€d Ll}. 11i6l,g than а factor of
.1. _\рргохirпаtеh- ttre sarrre factor }iolds for tlre knorvn
magnctic п,}iite drr"ari.s. Observational data available
todal, епаьlе а сlоsсг examination of ttre distribution
of dеgепегаtс frequettcies очеr magnetic fields to lre
регfоrrrrеd. \\Ъ са11 tiris distribution а rnagnetic field
Гuпсtiоп (]iГF) tlre pгobabiiitv density of оссur-
ГепСе of sti]I_ý а,с а fungtlorl of tlrelr surfасе magnetic
lield stгerigth. Тhе \IFF is defined in exactly tlre same
\\,а\, als thс rIeli knor.l,n пrass function. It is r,ег1, im-
рогtапt t}rat t}re \IFF is rrormalized. This mеапs that
it is possible to st1_1d\- stеllаг maglletism in tlie поп-
оЬsеrl-еd i ileakl1- magnetized") геgiоп through fit-
ting thе \IГГ llг а рагtiсulаг la,"v апd extrapolation.

The al-aila}эle оЬsег\,аtiопа] data оп white drvarfs
;T}lоrг the \IFГ fог these stars to Ье derived irr ап iп-

tеrчаl of а few decades of magnetic field strength. The
observed distribution of degenerates очеr magnetic
fields was a}so studied Ьу Schmidt and Smith (1995
and Рutпеч (1977). In оur previous рареrs (FаЬгik"
and \ia1},,ar.in, 1997; Fabrika et а1., 1997; 1998) it nas
sliolтn that thc N,{FF of rvhite drvarfs can Ье fitted in а
first арргохiпrаtiоrr r,r,ith а single роrчеr rеIаtiоп. The
N'IFF is cotisistent ц,ith the assumption that nlagnetir
white dц,аrfs аrе rrot а рагtiсu]аr class of stars, bul
герrеsепt the most rnagrietized stars, i.e. thеy аrе а

part of comlnoll distгibutiorr of clegenerates очеr 1na8-
netic fields. It was also shorvn, whеп exaпrlning the
N{FF, that it is оf gгеаt importalrce to take into ас-
courrt cbseгl,atiorra] selections and thе tc:chniques о:

magnetic ц,hitе drr,aTfs detectirrg.

Неrеiп we analyse the сurrепt (оr observed) N{FГ
of degeneгates оп the basis of all published observa-
tional data. Both frequerrcy. of magnetic u,,hite dwarf.
arrd the mеап strength of thеiг surface magnetic field.
arc strorrgl1, depenclent on tеmрсгаturе and age о:

these stаrs (Vall,avin апd Fabrika, 199В). Obl,ious]-,
we have to rеgаrd hеге for the magnetic fieid evolu-
tion. That is why lve evaiuate aiso the NIFF for aboLr:
zеrо age degenerates too the initial NIFF. Кпоч,l-
edge of these functions, both current and initial, rl,i _

make possibie а some рIоgrеss in the рrоЬlеm of mag-
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netic fields evolution, and аIjоп, to estimate possible
miпimum surfасе magnetic field strengths of white
dwaTfs.

Соmраrisоп of the N,ltFF of clegerrerate stars rvith
the sanre function of tlre mаiп sequence stars mау
heip solve t}re рrоЬlеms of relationslrip betп,eelr trtag-
netism of main sequence .ctars a,nd that of white
dwаrlЪ, of magnetic field evolution in stагs. Ange1 et
а1. (1981) wеrе in fact the first to substantiate the as-
sumption that magrretic whit,e dwarfs rnay.' Ье fclrпred
from magnetic Ар and Вр stars пragnetic and
chemicaily peculiar stars. Тhе spatial densitr. life-
time ratio thev found proved to Ье tlre same fог mag-
netic ч,hite dwarfs апс1 magnetic stаrs. This hl-poth-
esis accounts rvell for the principal obseгr,atiorral ар-

реагаI]сеs (Schmidt and Smith. 1995; Putney. 1997).
It seerns the most attractive. It is likel1, tlrat t}rc mag-
netic fields of В )) 1 N4G аrе impossibie to рlоduс:е
in rvhite dmarfs Ьу dyrramo mechanisrns. This sug-
gests that the magnetic fields of degeneTate stars аrе
геliс. In this Iight а study of the \,IFF of lrrain se-
quence stars is of imроrtапсе. А рrеlimiпагу anal_r.sis
of the \{FF of main seqrience stars (Bychkov et а1.,

1997) has shоvrп that this can also Ье represerrted bv
а simple porver relation.

2. Observational data, analysis of оJэsеr*
vational selections

Determine the nra6lnetic field functiort эs
Рв(В,) : АР(В-)/АВ.. where АР(В,) is а probabii-
it1,, of finding а white dwаrf rvith а srrrface nragnetic]
:jeld in the interval Bs,B.+AB., AP(B') сап Lle
+r,aluated as а ratio of krrown rnagnetic degenerates
:iшmьеr ц,ith mаgпеtiс field strengtlrs frоrп the
.пtеrr,а1 Вr, В, i- АВ. to the tota1 пumЬеr of rvliite
lli,arfs obserl.ed wit}r irn ассurас}, lvhich alloп,s а
:ragnetic field to Ье detected in t}ris intcrr.,al. Вч
liгесt counting of magnetic u,hite dwarfs irr differerrt
:lteTvals of fields one сап estirnate the freqrrencies of
:llagnetic stars, that is to derive the NIFF. Frопr ail
-:.е published data we hапе composed а sample of 53
::lagnetic white dwarfs ъ,ith surface magnetic fields
_,оm а few hundred kG to about 1 GG (Talэie 1).

- 1re fi.rst соlumп of the tabie is object's паmе, the
,-r:ond -- steilar mаgпitudел the third effectir.e
.ttlреrаturе, the fourth srrrfac:e magnetic field
,lite in N'IG, the fifth and the sixth columns provicie
а,чsеs in \.,Ig and ages in Gy, estimated Ьу \ia1l,avin

:.i1 FаЫikа (1998); irr the last соlumп lve prescnt
, .,, rеfеrепсеs to t}re magnetic field measurements
:ld partially, tеmреrаturеs, see \raiyal,in arrd

. .Ьгikа, 1998), The rеfеr,епсеs аrе given in the notes
. -,]еr the table. This sample contains rvhite dц,,аrfs
:_ose magnetic fields hаче been measured directly
lri spectra, specropolarimetry апd polarization

measurements in Ьrоаd bands.
}ieari1, a1l classifieci ъ,hite dъ,аrfs (about 2100

stars) inclrrding magrretic:s frоm Table 1 аrе presentecl
in the catalogue Ьу N,IcCook and Sion (1999). N,'{ag-

netic mеаsurеmепts and t}re r,r,a),s the rnagnetic rvhite
drvarfs п,еrе detected are influenced Ьу observational
selectiorrs. So the original data ar,aila,ble frоm оЬsеr-
l.ations could rrot Ье considered as гапdоm.

In огdеr to derive АР(Вr), one has to know seiec-
tion coelficients (\Ъlуаr,iп and Fabrika, 1998) , оr to
pick out such sampies of magnetic and nonmagnetic
rvhite drvarfs rvlrich would har.e about equai their se-
lection coelficients. Веlоц,, at the analysis of magnetic
п,hitе drTarfs frequencies in different field intervals rve
consider diflЫent selections such as serendipitous dis-
сочегiеs, stаг's rоtаtiоп. Неrе rче wi]l focus on the
rrrairr and gепеrа1 selectiorr magnetic white drvarfs
frequencles dependence оп staT's brightness, i.e, orr
thеir tепiреrаturе atrd distance.

Even tlre faintest magnetic ivhite dwarfs аrе ]о-
ca,tecl at distarrces по greater than 500*600 рс. As-
suming the radial velocity, dispeгsion of rThite dwаrfs
to Ье ) 106 cm/s and an age - 109 years, find that
the region of rnlxirrg of any possible original space
inhoпrogeneities of srrch stаrs is considerablv 1аrgеr
t}ran 600 рс. Tirus the пrаiп сritегiоп of the absence
of thc se]ection must Ье tire fact that tlre frеquепсу
of rnagnetic rv}rite drvarfs is independent оп distance.

Тhе nearest arrd brig}rtest stагs аrе well studied
arrd thеrеlсlге а frеquепс]у of magnetic w}rite dwarfs
.rmong; tilem is least se]ection dependent. Beginning
п,ith some distance D the selection of magnetic ц,hitе
cilvarfs detection appears. Since the star brightrress is
also deterrnined Ьу tепrреrаturе, the distance D must
Ье dependent оп effective tсшреrаturе of degenerates.

Fig. 1 displays how the fTequency of magnetic
rvlrite drvarfs depends оп distance. The Iiequencv Р-
п,аs foulrd for all t}re stагs har.ing krrown раrаllахеs,
but tlre magnetiс rl,trite drvarfs onlr. ll.ith surface mаg-
rretic fields оr.ег 1 \IG пеrе considered. The horizontal
Ьагs s}roк, the clistance bins. T}ie best fit as а sim-
рlе reiationship P,,(d) : Cl(1 + d/D) is shown. Тhе
constant С hеrе is а se]ectionless estimate of magnetic
rvhite drvaгfs fгеqlrепс1,; the constant D is а сhаrасtеr-
istic distance. at d ) D thc observational se]ection Ье-
соmеs significant. The best fit vields С : 0.17 * 0.03
andD=25*5pc.

А r.еrу important colrclusion concerning Teal frе-
quепсу of rnagnetic ц,hite drvarfs fol]ows from Fig. 1.
The clortr.entional fiequerrc1, (see e.g. Angel et al.,
1981;Jоrdап. 1997) of rnagrretic degenerates is2-4%.
Indeed this is. if one considers all the data rvith no
allor,vancc made fоr оЬsегчаtiопаI selections. Frоm the
total trшшЬеr of the knorvn degenerates the incidence
оf magnetism is 53/2100 ry 0.025. Fоr instance, frоm
the wtilte dwarfs located in the interr,al of distances
frоm 25 to 100 рс, i.e. frош hot stars alone, the fre-
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о| lrl mh,ite dшаr

Name V
ТаЬlе 1: -List

T"ff, Вr, М
- 0.1

- 0.1

- 0.12
0.12

- 0.9

t,

1038
LP 907-037
G234-4
LHS1415
GD 077

29
34,35,38
38
29
29,35
о оrZ,ol)

1,35,37
34,35,38
26
J)JJ

29,31,35
30,29,35
9,29,35
29,35
J).JJ
/ ,:a)Jd

6,29,35
5,29,35
7
29,35
25
29,32,35,38
8,29,35
29,30,35
6,29,35
29,35
32,35.38
11,29,35
10,29,35
29,35
12,29,35
13,29,35
14,29,35
6,29,35,37
15,29,35
DD

17,35
18,29,35
JJ )JiJ

19,29,35
20,29,35
21,29,35
22,29,35
29,33,35
23,29,35
.],f ,О,_)

29,40
28,29,35,36
27,29,3б
32,35,38
16,29,35,39
24,29,35

PG 1220+234
G141-2
PG1658+440
LB8827
KUv08165+3741
N,IWD0159-032
G62-46
LHS i7з4
HS1254+3440
T.HS 2273
N,IWD0307-428
GD90
PG 1312+098
G99_37
кUч03292+0035
HS1440+7518
KUV16032+1735
G 183-35
GD356
LHS 1044
KPD0253+5052
RE 0616-649
G256_7
G99_47
LBQS1136_0132
нЕ 10.15-0908

PG 1533-057
Feige 7

BP\I 25114
KL \,2316+123
GDliб
нЕ 1211-1707
ESo_139_162
G195-i9
нЕ0000-3,130
PG1015+015
G227-35
LP790-29
G2]0-;2
нЕ 0127-311
G\\-:70 ь2-17

нЕ2201-2250
RE 0317-853
PG09-15-215
SBS 13_19*5+3-1

G111--19
GD229
PG 103r_. 23]

2

2.2

4

4-5
5

5_6

6-7
6_7

7-8
7-8
7-8

-8
8

8

8

- -ttl

8- 11

11-12
12-13
13- 14

-15
14-18
17-18
20-27
21-24
23-25
24-26
30_40
44-47

-50
67

-70
70
80_90
90_150

- 150

- 150

- 200
220-240
200_250
200_500
400-500

- 500

- 600

- 300-700
300_700

14.36
14.6
16.38
15.8
i4.80
15.62
15.88
15.02
15.8
15.6
17.10
17.11
15.97
17.00
16.54
16.30
15.74
16.4
14.58
16.70
14.9
15,6
16.92
15.04
15.33
|б.22
18.40
15.99
14.11
18.00
16.40
15.3з
14.50
15,74
15.58
15.96
16.9
18.8
13.86
15.0
16.3
15.05
16.0
14.15
16.1
13.20
16.2
16.00
14.3
17.6
16.28
14.85
15.8

6400
9500
4500
6000
10000
27200
6000
30500
2000

26000
6050
5300
12500
6000
25000
11000
15000
6300
19000
40000

7000
7500
6000
15000
35000
5600
5600
15000
9000
17000
20000
20000
1 1800
16000
22500
5400
8000
7000
14000
7000
7500
7500
18000
15000
18000
50000
16000
11000
8400
23000
25000

0.72
0.98
0.75

0.75
0.62
0.75
1.28
0.83

0.72
0.59

0.39

0.86
0.73
0,84

3.58
|.24
7.07

0.5
0.07
1.43
0.16
0,126

0.068
2.9
3.02
0.63
1.76
0.082
0.98
0.2
5.87

0,01
0.082
3.6
2.8
5.82
0.16
0,01
8.05
4.04
0.37
1.419
0.06
0.15
1.44
0.74
0.,13

8.13
4.6
5.7
1.341
7.62
8.7
8.48
0.19
7,747
0.19
0.01
0.71
0.87
1.47
0.49
0.047

0.83
0.85
0.8

0.83
0.63

0.49
t].78
1.34

0.89

1.13
0.98
по9
1.0з
1.14
1,34
1.15

1.13

1.35
1.18

0.77
1.28
1.11
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Notes to Table 1:

(1) Li,ebert et al., 1983; (2) Grеепstеiп, 1986; (3)

Дсhillеоs апd Rem,illard, 1991; (|) Д,пgеl et al.,

197/1а; (5) Апgеl апd Laпdstreet, 197]: (6) Scltmi,dt

апd Nоrsuлоrthу, 1991; (7) Wеgпеr апd Boley, 1993;
(8) Greenste,irt, апd McCarthy, 1985; (9) Hagerl et

al", 1987; (10) Foltz et al., 1989; (11) О'Dопоqhuе,
19S0; (12) Liebert et al., 1985; (13) Li,ebert et al.,

19l7; (1/1) Wi,ckramasi,nghe апd Bessel, 1976; (15)

Sаffеr et al., 1989; (16) Schmi,dt et aI., 1990; (17)

Rui,z апd Maza, 1989; (18) Дпgеl et al,, 1972; (19)
Апоеl, 197S; (20) Соhеп et al., 1993; (21) Liebert
апсl Strittmatter, 1977; (22) Дпgеl et al,, 19ЩЬ;
(23) Дпgеl et al., 1985; (2.i) Schпli,dt et al., 1986;
(25) Wеgпеr апd Suапsоп, 1990: (26) Wеgпеr апd
Boley, 1993; (2'l) Liebert et al., 199J: (28) Li,ebert

et al,, 1993; (29) Schmi,dt arld Sm,ith, 1995; (30)

Веrgеrоп et al.,1992; (31) Веrgеrоп, et al.,1993;
(32) Рutпеу, 1995; (33) Rеi,mеrs et al., 1996; (34)

Рutпеу, 1996; (35) Jоrdап, 1997; (36) Glепп et al,,

199]1; (37) Frl,edri,ch et al., 1996; (38) Рutпеу, 1997;
(39) Jоrdап et al., 1998; (]0) Barstotll et al., 1995.

quency is Р- - 0.029 * 0.08. It is obviously that the
truе frequency сап Ье fbund frопr the nearest stars
опlу. Frоrп Fig. 1 this equals 0.17 * 0.03. Соо1 stаrs
аrе the mаiп contributors to this r.,alue. \trъ calinot
leave out of account the evolutiorr of rltagnetic fields,
tlrat is wtry it is песеssаrу to find tlre frесluепсiеs of
hot and соо1 nragnetic ц,,hite dц,аrfs sераrаtеl1,.

\Ъiуаr,iп and FаЬrikа (1998) have slrown the mag-
netic fields of degenerates to evo]ve and the fгеquепсу
to depend strongly оп effective tеmреrаturе. With the
stars cooling the fгеquепсу of rnagnetics аmопg t}tern

enhances. It is арраrепt that соо1 (faint) degenerates
аrе observed опiу in the closest vicinity of the Sun.
T}re оЬsеrчеd strarp drор in the frеquепсу of rrragnetic
rтhite drvaгfs at distarrces d :25 рс is accounted fоr
1э1. the fact that чrе lose cooi degenerates. This сап
Ье u,еil seen in Fig, 2, whеrе rve show the frequenc1,

оf hot (both rnagnetic and non-magrretic) degenerates
Р1 with temperatures очеr 10000 К (fiIled circles) and
That of соо1 stars Р" rvith tеmреrаturеs from 4000 to
i0000 К (open circles). We used ail white dwаrfЪ fоr
,,r,hich it was possible to firrd tеmреrаturе and dis-
:arrce (1054 stars, Valyavin and Fabrika, 1998). Тhе
same drop iп frеquепсу of соо] stars is seen thеге.
This figurе provides а рrо\rе of the assurnption tlrat,

:lre selection of magnetic white dn,arfs caused Ьу dif-
:еrепt distances is related to tеmреrаturеs of stars. It
.rlso implies that in the effective tеmреrаturе inter-
,,-als examined the shаrеs of cooi and hot degenerates
,,re 60% and 40%, respectively.

The frequency of magnetic white dwarfs чеrsus
llstance iTr the two chosen temperature intervals is

0.1 5

р

0.05

ф,
0123

1g d (рс)

Figure 7: The trеquеп,су of mаgпеti,с white dularfs as

а fuпсti,оп, of d;istartce. Dashed li,пе is the best fit with
the relationship P-(d) : С/(1 + d/D),

1.0

0.8

т) 0.6
с, tI

0.4

о.2

0.0

}g d (рс)

Figuге 2: The trеquепсу of hot both mаgпеt,iс апd
поп-mаgпеtiс dеgепеrаtеs Р1, wi,th tеmреrаturеs очеr
10000 К (li,lled circles) апd that ol cool starsP. wi,th

tеmреrаturеs trоm J000 to 10000 К (ореп c,ircles) as
а Juпсt,iоп ot di,stance.

shorvn in Fig. 3 (filled circles for hot stars, open
сirсlеs fоr соо1 stars). The best fit Ьу the func-
tion P*(d) :ClO+d/D) for hot magnetic white
du,,arfs yields the constants С : 0.035 * 0.005 and
D : 80 * 10 рс. Thus the sample of hot magnetic
white dwarfs at the distances up to 80 рс mау Ье
considered to Ье mоrе оr iess complete, and their fre-
quency is estimated as 3.5 * 0.5 %.
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Fог соо1 rvhite drvarfs it is not easy to distinguish
а plateau in P",(d). In Fig. 3lve see the observational
selection to Ье чеrу strongly dependent on distance.
The frеquепсу, obtainecl frclrTr the bin of nearest stars,
u,hich corresponds to 0 10 рс. is the most соггесt and
selectionless estimate. Taking D : 25 рс, find that
the best fit fоr cool stаrs 1,,ields С : 0.20 t 5 %. Thus
magnetic rvhite dwarfs account fоr Э 20 * 5 % of cool
stars. TIie coolest п,hite dwarfs (Т в 4000 К) аrе dif-
ficult to detect еl,еп iп the closest vicinity of the sun.
That is rчh1,. rTe belier.e t}rat the va]ue п-е hаче found
mа1, Ье а 1оп,еr 1imit of the frеquепсу of cool mag-
netic rl,hite drr-aгfs in the tеmрегаturе iпtеrча1 4000
10000 К. The significant di{Tererrce in frequencies of
пtagnetic rr,lrite clrvarfs of different tеmрегаturеs irr

Fig. З confirms the magnetic field evolution in rvhite
drTarfs \ all,ar-irr and FаЬrikа, 1998).

\orr- rle сап ntake а rеаl estimate clf tlie total fre-
quencт of rnagnetic lvhite dъ,аrfs, taking into account
hot and cool stагs. sераrаtеlу. Taking the proportiorrs
of hot and соо1 stars to Ье 40% and 60%, rеsрес-
tlr,el1, (Fig. 2), find the total frequenc5, of magnetic
rvhite dlr-агfs to Ье l 1З.5 + З %. The inequalit;,, hеrе
allorтs fог possible shоrtаgе of the coolest stars. This
estimate is of а fогmаl с}rагасtеr, since in the light of
the оЬsегr.еd strопg evolution of nragnetic fields. arri.

iпtегргеtаtiоtl of rTragnetisrn peculiarities irr degerrer-
ates must take up the evolution. i.e. the deperrdc:nce
оп tепlрегаtuIе.

3. N4agnetic field function
Considering the magnetic field ечоlutiэп we ехашiпе
diffeгent l,егsiопs of the N,IFF: fоr the whoie sam-

рlе of nlagnetic degenerates, fоr t}ie nearest stаrs
(1.е. tlre coolest). fоr hot stars ancl also fоr the rnclst
trr:rssir-e stars. as thеrе rvas selectecl (\ialvavin and
ГаЬгikа. 199Е) а sерагirtе population of "ultrапrаs-
_cive ultгаlлаgriеtiс" degenerates. It is lvortlr п,hilе
to speak allout the initial (rеfегrеd to about zеrо age)
\IFF. The \IГF deгived frоm hot (уоцпg; degener-
ates alotLc: rг111 Ье atr аррrохimаtiсiп оf the initial func-
tion. \oli, rr-e rтill describe tlie рrосеdurеs used to de-
rir,е the \IFF in different intervals of magnetic: field
stгengths. Tlre irrteгr,als аrе chosen in ассоrdапсе ц,ith
the techniclrres of observirrg magnetic wlrite dwarfs,
1,с, the пlеthосis usecl to r.lisсочеr the-qe stars. It is
cotlleltitltlt to deгive the \tгF in iпtеrчаls rThere the
tllagtictir: fit:lcl _.tгеtrgth clrattges Ьу onc оrdеr of mag-
nitucie ldecade irLterr-als), That is ц,hy, if an interval
deteTrllined Ы, the observing technique is 1агgеr. r,ve

llгеаk tt rtp 1пtо decade iпtегr.аls.
Iпtегt.,Ll 106 < В_. < 109 G
In Tili_. iпtеrr,а1 п-iаgпеtlс degenerates аrе detected

br, а srпlрlе r,isual examination of spectra оц,iпg to the
1аrqе r,аlце of zеепап splitting, sоmе magnetic white
Сг,,аr{s i.,,el,e disсоr,егеd Ь1, broad Ьапd роiаrimеtrу

0.25

0,20

0.1 5

0,] 2з
Ig d (рс)

Figurе 3: The frеrуl,епсу1 of m,аgп,еt,iс ullti,te dutarfs чеr-
su,s d"istапсе ,irt, the tulo chrlserl templerotu,re interuals;

,fillad сirсlеs foT hot stars, ореп circles fоr cool stars.
Dashed artd sol,id liпеs аrе the best fi,ts.

(Angol et а1.. 1981) of degenerates ,,vitlr continuous
sресtrа (DC). Since such measurernerrts lчеrе rтradc
not for ali DC stars classified Ьу spectrum, а рагI
of ma.gnetic objects mау Ье lost. The contributiorr о:

such iost stars is ргоЬаЬlу insigrrificant since the tota.
slrare of DC stars апrопg the kno.,vlr dеgепегаtеs 1:

smali (по mоrе than |0 \5%).
То estimate the \'IFF in this interral the folloir,,

ilig рrосеdurе is applied. Аmопg all spectгoscopic:alir
classified degenerates frоm the catalogue Ьу \4cCooi:
апd Sion (1999), N = 2100 stars, we pick оut N- о:

white dwarfs r,vitlr srrrface magnetic fieid iying insicic
one decade of field variation. Тhе frеquепсу of mag-
netic degenerates in the given interval is N-/N. The
probability density Рв(Вr) is found Ьу dividing th;.

frеquепс1. Ьу the field iпtегr,аl. its dimension is G ]

Тhis mеап density estiпtate is rеfеrrеd to the rnidd]..
of tlie iпtегча1 being exarrrined.

То redrrce observationaI selections each knoý,:,
magnetic degenerate ц,аs сопsidегеd Ьу the ц,ar- :,

had been discovered. \Ve isolated only those mаgпеt.
rl,hite dц,arfs wlrich wеrе detected аs magnetic stalj
when оЬsеrчеrs rvorked очеr lists of degenerates с:
degenerate candidates, i.e. when nonmagnetic sta:.
ц,еrе studied too. Nlagnetic white dwarfs detecte_
serendipitously iп some оthеr way (for instance, fго::.
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f

Х-rау radiation u,hile observing otheT objects) п,еге
rejected, А total of 43 magnetic degenerates аrе in-
voived irr the N{FF analysis in this rnagnetic field in-
tervai.

In the subinterval 106 < В, < 107 G (15 magneticl
degenerates) thе observational selection арреаrs) соп-
nected with the fact that Zeeman line splitting is
соmраrаЬlе with line widths. That is why, frоm spec-
trа of ]ow spectrai resolution and signal/noise ratio а
magnetic degenerate may Ье missed. \\Ie hal,e аlrеаdу
discussed this effect (Valyavin and Fabrika, 1998).
It is important only at tеmреrаtuгеs frоm 8000 to
25000 К, vrlren Stаrk Llroadened }rydrogen lirres аrе
strопg. The efI'ect is well i.isible in Fig. З iп the ра,-

реr Ьу \ralyavin and Fabrika (1998). It carr readi1l,be
taken into account Ьу intгoducing а selection соеffi-
cient. Indeed. the очеrа11 frequency. of magnetic stаrs
(of all temperatures) in this particular magnetic field
interval is 1.4 times as Iow as the frequenc1, of rпаg-
netic StаrS with fields В. > 10 N{G (the integrals over
two low cur\res in tr'ig. 3 of the рареr quoted аrе com-
раrеd). It is this coefficient t}rat rve have to multip11,
the frequency in the interr,al of 1-10 N4G Ьу,. Note
that srrch а selection shoulcl ile takerr into accoutrt itr
this fieid strength interval onl1,.

Interual 105 < В" < 10б G
Tlrese and weaker magnetic fields аrе inpossible

lo detect directly iп dеgеliеrаtе spectra since Zееrпаrt
.plitting cannot Ье resoh,ed against the background
lГ broad lines. In рrеsепt-dау Ьrоаd-Ьапd polariza-
-ion measurements an ассurасу of < 0.3 % mar, Ье
,,icLtieved, which is su{ficient to detect magnetic fields
f В. S 1 \{G, In fact, }rowever, п,hite du:агfs r,vith

:llagnetic fields В. < 1 N{G are discovered опl1. 1о1,

:llеаsuгiпg the field longitudinai соmропепt еfГес-
ive magnetic field in speciai роlаrimеtriс sресtгаl
,bseTvations (Angel et а1., 1981; Bychkov et а1., 1991;
:chmidt and Smith. 1995; Fabrika et а1., 1997: Plrt-
:_ev, 1997; VЪlуаr,iп et а1., 1997).

А new selection арреаrs hеrе which is connected
,,ith а stal rotation. If iп the с:епtrаi dipole model
,lre angle j is that between the dipole axis and the
-пе of sight arrd also the coef{iclent clf limb darkening
: star u : 1, then the following relationship takes
_асе (Schmidt and Smith, 1995) В" ry 0.4.Bocosj,
l, В" в 0.56.Brcosj, where В" is the effective mag-
.tic fieid, Во the pole field of t}re dipole, arrd

'' - the surface magnetic field. The апglе j mау take
. {еrепt values because of а randclrTr orientation of
_agnetic dipoles and a]so because of rotation. Тhеrе
t tlre рrоlэаЬilitу of zero magnetic field detection in
-_1ated observations. It is оЬчiоus that this рrоЬа-
-it1, is independent оп rotation period because оЬ-

,,:r,atiorr will always faii within а rапdопr phase of
ation, It is determined only Ьу the dipole orienta-
ll. the ассurасу of observations and the white dwаrf
-gnetic field strength. When averaging очеr dipolcl

orientation atrgles, the probability of null detection
(Schmidt and Smith, 1995) is р t 2.5,В11-/Вр, or
р х 1.79 . Bli.,/Br, where В11,., is an accuracy of mag-
netic field mеаsurеmепt, п.hich is usrraily takerr eqrral
to 2о. when this obserl.ational selectiori is taken
into ассоuпt, а frequency should Ье rnultiplieci bv
t/(t - р).

Here we consider al1 white dwarfs obserr.ed rvith
analysis of сirсulаr polarization in hydrogen line
wirrgs (Bychkor. et а1., 1991; Schmidt and Smith.
1995: Prrtrrey. 1997; Fabrika et al., 1997), 193 stагs
altogether. Аmопg them fir,e stars have Ьееп dis-
covered ц,hоsе effective magnetic fields range froIn а
ferT tens to а ferl, huпdrеd of kG. То find а surfасе
nragnetic fleld the ц,е11 known ачеrаgе statisticaj for-
rnula В. l3B" (Angel et а1., 1981) can Ье enrplo1.ed.
The surface fie]ds of these forrr stars аrе > 100 kG,
i.e. they fall ч,ithin the interr,al under studv (the
stаrs LHS 10:]8, LP907 037, G231-4, LHS 1415 and
GD077 in ТаЬ]е i). А typical ассurасу ( о ) of
magnetic fieid mеаsurеmепts in the list considered is
10 kG, i.e. В1;- = 20 }tG.

The application of the approximation bv Schmidt
and Srrith (1995) fог the probability р in such а ц,ide
В, interval as one dеса,rlе seems unreasonable. Ttrls
approxirnarion пiа\, Ье ma,de most соrrесtlу for each
indil,idua} stirг. То estimate t}ie probabiiity, of null сlс+

tection ц,е mil}r Ье guicled Ьу these 5 aуaiiable dc.:gen-

erates опlч" assuming that оthеr stars аrе alike апd
rna_v have Ьееп missed iп the same \^ray. So пе оЬ-
tained frоrтr these stars ( pr )l 0.3, rмhich w-as taken
into account. дs lrreviousl1,, the density is estirnated
Ьу divisicln of tlre пrrmЬег of magnetic objects Ьу thе
пtrmlэеr of stars in the sample (193).

Iпtеruаl 10'1 < R" < 105 G
Not а singie object rvith detected magrietic field

lras Ьееп },,et atr)pealed in this interval. That is whу,
lrere one cart estimate the uрреr limit of Рr. Frоm
the saniple of 19З stагs investi8ated }э1, Zeemarr spec-
tгоSсор},, rтe choose stars rvhose measurement er-
rоrs do not exceed the limiting о(В"), which satisfies
2о(В") .З : 10 kG, i.e, corresponding lower edge of
the interval, В, : 10 kG. \\Ъ find this limiting еrтог
to Ье о(В") = 1.7 kG. Дltоgеthеr thеrе аrе б degener_
ates that lrave been шIeasured with ап accuracy bet-
tеr than 1.7 kG. Tlre1, згg \YD 1647+591, 16.15+235
(Schmidt and Gгаuеr, 1997): \VD 0644-1-375 (Sctinridt
and Sпrith. 1995); а0 Eri В, WD 0713+584, 0232+035
(\ialvavin et а1.. 1997). То fincl the uрреr limit note,
that N obserr,ed stагs did not shoп,rnagnetic fieid in
this ратtiсuiаг field rапgе, and suppose t}rat N*lst
star will show magnetic field in this rапgе, then
1/(N + 1) is the uрреr iimit of the magnetic stars
frеquепсу. The selection probabilitv is equal to 0.11

Interltal В, < 101 G
With ап ассurас)r of о(В") S lkG magnetic

Ltl-
- ,l1 /,;,
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fields wеrе measured опlу in 3 degenerates
WD 1647+591 (Schmidt and Grаuеr, 1997), 40ЕгiВ
and WD0713+584 (Valyavin et al., 1997). Тhе
ассurасу obtained for WD 0713+584 from оur
continuous two hours rоw was about 1 kG. In
two longest continuous observations of 40 Еri В
fоrmаl uрреr limits of effective magnetic field wеrе

oЫained: 0.5 * 0.4 kG (1.3 hоuгs of observations)

and -0.1 + 0.5 kG (3.6 hоurs of observations). In

the last rоw the significant variations of magnetic
field with а semiamplitude В" ry 2.3 * 0.7 kG, and

а time-scale of about 2 hours were detected. This
mеапs that а surface magnetic field of this star mау

amount to about 7 kG, Ву the iogic of а choice of
magnetic field intervals ,лrhеп deriving the \4FF, we

can use these three stars for the frеquепсу analysis
only in the interva] 6. 103 < В. < 104 G. In this
interval the magnetic field was suspected in опе of
the thrее stars, thus the frequency is 1/3. If the

magnetic field detection in 40EriB is not сопfirmеd,
this frequency wili Ье an uрреr limit. \zleasurements

of these stars lчеге repeated mапу times, besides,

individuai measurements wеrе sufrciently long.

Тhеrеfоrе, the "missing" coefficient does not need to
ье introduced there.

4. Сuгrепt magnetic field function

The observed N,IЕF is shclv",n in Fig. 4, the densiti,
of white drvarfs is shown versus the surfасе mag-

netic field strength. Filled triangle indicates the up-

реr limit in the interval 10 kG < В. < 100 kG. Dots
at а field strength очеr 1 N4G аrе the estimates

made frоm а11 known white dwarfs identified Ьу spec-

tra (\IcCook and Sion, 1999). Two }eft,hand dots

аrе based on the data of Zeeman spectral obseTva-

tions. Statistical еrrоrs wеrе computed Ьу the \"Ionte-

Саrlо technique, The N,IFF obtained does not con-

tradict the idea that it can Ье fitted with а sin-

gle simple relationship. The dashed line is а роwеr
аррrохimаtiоп Pg - АВ3, whеrе the spectrai index
о : -1.5 + 0,1. А = 30* 5G-1.

The \IFF presented is actually derived frоm hot
stars since thеге аге по many cool degenerates both
magnetic and non-magnetic in the total list (about
16%). Тhrее stагs that represent the weakest mаg-

netic point of the \IFЕ аrе hot stаrs too. Thus the

\IFГ сlегlr,ес1 fгоm all the data may sеrче as an ар-

ргохiпiаtiоп of thе initial N,IFF. Thanks to МFF поr-

пralization а пrininrum possible magnetic field пrау Ье

estimated. Bv extrapolation of the \4FF ivith the оЬ-

tained spectral index to the region of weak magnetic
field stгengths. ite find the minimum magnetic field
to Ье 1kG < В.(пriп) < 10 kG in the given model.

Open tгiапglеs shoъ,the \4FF derived using опlу
t}re t-tеагеst stагs located пеаrеr than 25 рс. Whеп
ехапliпiпg t]re пеагеst Stars. we have а sample of de-
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Figure 4: The оЬsеrчеd magnetic field tuпсti,оп. Dots
shоu the MFF obtai,ned frоm all kпоuп mаgпеt,iс

whitе dularJs (uli,th В" > | МG) i,denti,fied frоm spec-

tra. The fitled triangle iпd,icates the uрреr li,mi,t i,п the

iпtеruаl 10 kG < В, < 100 kG. Тuо left-hand dots

аrе based оп the data of Zееrп,ап sylectral оЬsеruаt,iопs.

Ореп triangles shoul the MFF deriued usiпg опlу the

stars located пеаrеr than 25 рс.

generates which is most free frоm observational selec-

tions. This sаmрIе comprises 14 stars, all of them, bur

one, аrе cooi white dwarfs with Т < 10000 К. It is er,-

ident that the МFF of cool stars is located uрреr oI-

tlre plot than that of ail stars as the frequency of соо-

nragnetic degenerates is higheT. The N4FF shown br

ореп triangles is а сurrепt МFF of соо1 white dwагfs

It seems to us of great imроrtапсе that the slope

of the N{FF of соо1 stars is the sarne as that of the

NIFF derived frоm all the data in despite of the es-

sential evolution of magnetic fields. This mа1, imрl,,

that the nragnetic field evolution in degenerates doe.

not depend, as it has been suggested Ьу Valyavin atr-

Fabrika (199S), оп the initial magnetic field strengt1.

Assuming that in а п,еаk magnetic field rапgе the Ьа
haviour of t}ie cool stars' N{FF is also described Ь-

the роwеr with the index о - -1.5, then we сап fiL-
the constant А ry 105 G-1. In turn, this implies tha-:

tire minimum magnetic field in соо1 degenerates -.

iOkG < B,(min) < 50 kG,

Тhе difference in the minimum surfасе magnei-
field valrres of white dwarfs estimated in these tr,, "

cases is rvell understandable. The average age of t:-,
49 magnetic dеgепегаtеs frоm which the first NIГ:
version (of all data) has been derived is 2.2* 0.4 Сi,

Тhе average age of the пеаrеst magnetic white dц,а:з
(inside 25 рс) is 5.5 t 0.6 Gy. The observed magne:-

fields risе with age (Valyavin and Fabrika, 1998). ti--,

accounts for the higher miпimum magnetic field va,-,,

in the nearest degenerates.
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_9

sive stars' МFF, horvever, has an essentially different
slope. Tlris is due to the fact that 7 out of 10 mas-
sive stars actually belong to the separate population
of ultramassir,e ultramagnetic degenerates (valyavin
and FаЬrikа, 1998). In that рареr it was argued
that magnetic v,,hite dwarfs аrе not а homogeneous
ciass of objects, about 80 % of these stars аrе "ordi-
паrу" magnetic white dwагfs, rvhose ачеrаgе mass is
0.8 \4ar and В. < 100\4G; about 20% of these stars
аrе ultramassive-ultramagnetic degenerates with an
ачеrаgе mass of 1.15 Nio and В. > 100\,{G. A1l the
stars of the latter population fall ш,ithiп tv,ro most
rnagrretic birrs of the N,{FF in Figs. 4 and 5.

Тhе aim of this рареr does not involve ап anal-
ysis of the ultramassive ultramagnetic population.
It is possible that the NIFF of the iatter рорulа-
tion differs fгоm t}re N"IFF of the mаiп population
of dеgепегаtеs. It is imроrtапt to have а mоrе de-
tailed study of this ехtrеmеlу inteTesting popuiation
of ultramassive-ultramagnetic white dwarfs.

6. Corrclusion

\\'е have fourrci hеrе that the frequency of magnetic
ц,,hite dwar{s increases shаrрlу ,lvith decreasing dis-
tance to them. This is associated with the fact that
we оЬsегче c:ool stars at smal1 distances, so this con-
firms the evolution of magnetic fields in degenerates
(\aly-avin and FаЬrikа, 1998) as these stars cool
dorvn thеiг пiagnetic fields grow. Taking into account
the observational selection, we have found rеа] frе-
quencies of соо1 апс1 hot magnetic ъ,hite drvarfs. The
frequerrcv of hot magnetic degenerates vrith the tem-
реrаtuте > 10000 К 1s 3,5 * 0,5 %; their sample mау
Ье consiclered selection irrdependent in а чоlumе of
80 + 10 рс in radius. The frequency of cool mag-
nctic white dlчагfs цith the ternperature < 10000 К
is ) 20 * -о%. The latter чаluе has been obtained
frоm nearest stars, d < 25 рс. In spite of the smail
disiances consideгed we шау lose sоmе rnagnetic de-
gепеrаtеs апlоltg the coolest stars.

In the surface nragnetic field rапgе frоm б kG to
аЬоut 1 GG ц,е have derived the magnetic field func-
tion of lvlrite dri,aгfs, It is fitted v,,ell with а power
functioii rvith а spectral illdex а = -1.5 * 0.1. Frоm
exanrination of this function rve hаче estimated miп-
imurrr possible strengttrs of the large scale surface
magnetic field of ц,hitе dwarfs. The шiпimum field
strerrgths in cool arid hot degenerates аrе about 10
50 kG and 1 10 kG, respectively.

The irritial and current (frorn hot and cool stars)
NIFF' slopes аrе the same in spite of strопg оЬsеrчеd
evolution of magnetic fields. This supports the idea
that the magnetic field evolution in white dwarfs does
not deperrd in а first approximation on the initial
rnagnetic field strength.
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Figurе 5: The in,itial MFF (dots) deriued fr,оrп hot
шhitе dшаrfs опlу шi,th Т"r ) 10000 К. Th,e ореп tri-
апglеs, the same as iп Fig. /1, shош th,e МFF derilled
lrоm the пеаrеst (cool) stаrs; the dotted lirle rеtrlrе-

sепts the роuеr fuпсt,iоп (а : -\.5) fr,оm tLle sа,mе

fiуlurе, Sq,uares shoul the MFF clf mаss,iче lllh,i,te dularts
l1_rith mаssеs М > 1,1N4о.

5. Initial magnetic field function

Consider the N{FF deTived frоm hot white drvarfs only,
rr,ith Тurr > 10000 К, whose ачеrаgе age is 0.5 Gy,. То
diminish observational selections, choose only the de-
generates ]ocated at а distance по greater tharr 80 рс.
Such а l,iFF will Ье quite а good approximation of the
initial one. This \,IFF derived frоm 8 magrretic w}iite
dvrarfs is displayed iп Fig. 5 Ьу dots. Fоr cornpari-
son, the ореп triangles, the same as in Fig. 4, shоп,,

the \{FF' derived frоm the nearest (соо1) stars; the
dotted line rерrеsепts tlre роwеr furrction (а : -1.5)
lrоm tlre sаmе figurе.

Тhе N{FF slope ofcool degenerates and that ofhot
stars аrе identical. ЦIe have already drац,tt this соrг
c:lusion rvheli соmраriпg the \{FF of соо1 stars u,ith
that derir.,ed frоm the whole sample of wliite dц,.аrfs.
\Ve can now say with mоrе assurance that the N'IFF
slope is independent on white dwarfs' age. Indeed the
mеап ages of stars of these two groups (dots and tri.
angles in Fig. 5) differ Ьу mоrе than an оrdеr. Their
ачеrаgе magnetic fields and frequencies аrе also differ-
епt. Nevertheless the slopes of the NIFFs of these two
gl,oups аrе the same. We conclude frоm this fact that
tlre el,olution of magnetic fields of degenerates is in а
first approximation independent orr initial magnetic
field.

In Fig, 5 we also present the N4FF of massive white
dwarfs with masses N,{ > 1.1fuIб (squares). It was de-
гil.еd frоm 10 magnetic dеgепеrаtеs. This function
is located аЬоче) because the frеquепсу of massive
rтhite dwarfs аmопg nonmagnetic stars (denomina-
:оr in the expression of Рз) is about а factor of 9

-ess tharr that of massive rvhite dъ,arfs аmопg mаg-
lretic stars (Valyavin and FаЬrikа, 1998). The rnas-
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