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АЬstгасt. А magnetic field rnodel fоr the СР star s U\{a has Ьееп constrrrcted ciri the llasis of
the latest data on magnetic field variation with rotation phase. It has tuгrrеd out th,at ttiis i:; tht:

central dipole providing а magnetic field оf 4.З0 G at tire poles. А rnap of surface field interrsity
distribution has been made. А comparisorr of this mар ri ith the distribution of сhеrпiсаl elemerits
taken frоm litегаturе haLs corrfirmed the iпfеrепсе that О. Ti, Са аrе corrcetttrated in the region of
the magnetic equator: Fе, \{п. \,Ig al,oid the пraglretic field еquаtог апd аrе сопсепtrаtеd about
the nortli апс1 sorrth poies. Тhе spot-llke distriiэution of сhеmiса1 elernents is likely to suggest thitt
the plrysical conditions of the sul,face аге поt Lrпifоrm, _А, nlagrretic mode1 }ras iэееп corrstructecl of
one of the stагs. HD,17010. rl,hich is unique ln nagnetic fie]d irrtensity. It has tuTned out possiЫe
to wоrk uр modeis, assuming еithег а dipole-cluadrupole пragtretic field оr а disp}aced diiro}e. ITr

the fоrmет case the trtagnetic field intensitv at the poles of t}ie dipole, В,,, is 19750G and 9800G,
whiie irr the latter Вр: 103000G and 7000G with а dipole displacement, Ао:0.45. It hаs
Ьееп con,cluded that the dipoie-quadгupole model dеsсгiЬеs tlre rnagnetic field struct,rrre of the
star цiоrе соrrесtiу.

Кеу words: stars: magnetic 1ields - stars: in<]ividual: cUNIa - stагs: individua,I: HD 147010

1. Introduction
Applying the nrethod described Ь), Gerth et al.
(1997), we рursuе the investigation of magnetic mod-
els of chemicaliy peculiar stars frоm the reiationship
between effective magnetic field, Bu, variation and rо,
tation phase, Р. If опе has not only Bu(P) but also а
siпrilar relation fоr the ачеrаgе surface magnetic field,
Вr(Р), fоr the star under investigation, the ргоЬlеп
of modeling is then substantially siпiрiеr Ьесаusе in
this case опе can rеIiаЫу determine trvo important

раrаmеtеrs such as the star's inclination angle i and
the angle between the dipole axis and the rotation
axis х. Otherwise angle z lras to Ье estimated frоm
usina, which is sometimes not qtrite геliаЬlе"

In the presetrt paper we аrе concerned with the
models of two stars, а UMa and HD 147010, being rе-

пrаrkаЫе because the fоrmеr is an old rnain sequence
star and the latter hаs just ýettled оп it. Given а suf-

ficient body of data, such starý сап Ье used to study
the evolutionary path of magnetic СР stars.

2. The magnetic model of с UMa
The sl;аr а UfuIa is well studied frоm the point of view
of surface distribution of chemical elements (\trЪhlаu

et ai., 1982; Hatzes, 1991; Rice and Wehlau, 1-990;

Rice et al., 1997). Ву the рrеsепt time а reliable mag-

netic fieid variatiorr сurче displayed in Fig. 1 lra,s lэееп

derived from literature da,ta а,пd frоm trydrogen line
measitrelтients made with the бrrr telescope (Stltol'
et al., 1997). This сuгче has been rrsed to construct
а model with the aid of the рrосеdurе described Ьу
Gеrth et а1. (1997), to compute the пragnetic field irг
tensity distrillution очеr the surfасе arrd соmраrе it
with that of сhепriсаl elements.

2.1. Basic раrаmеtегs

Опе of the basic parameters fоr the modeling is usirv,.

In the catalogue of Boyarc}tuk and Itopylov (1964)

usini=35km/s, Abt et а1. (1972) provide а va]ue of
49km/s, iri the рареr br* Gопсhаrskу et а}. (1982) it
is 34 km/s, Hatzes (1991) gives,usiTtzi:З5(*0.5) krnis.
usini:35km/s sеешs to tre t}re most likely because
it was derived frоm the greatest пumЬеr of high
dispersion meaýurements. Т. of the star is 9800 К
(Glagotevskij, 1994). Rice et al. (1997) have rероrtеd
Т":9500 К.

Based оп the investigation of Ursa \4ajor, Ler.
ato and Abt (1978) have found that е UMa is Ьу
1.7 stellar magnitudes above the ZA[4S lirre, whic}t
соrгеsропds to 1g9 t 3.5. Frопr hydrogen lines we
(Glagclievskij et al., 1982а) have estimated Т" = 9500
and lg9 : 3.5, using Kurrrcz modeis. Frоm the model
аtmоsрhеrеs Engin (1975) has obtained similar rе-
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Figurе !: Mod,eling of the magneti,c fi,eld, of the star с Uh{a: а) the dots shоw the mеаsurеd, magnetic fi,eldэ the

lойеr сuruе is plotted, frаrп the rпоr1еl саlсulаt,i,оп, the uрреr сuruе ,is the соmрutеd сuruе о! tke mеап surfасе

rпаgпеtiс field, uari,ati,Bn; Ь) the mаgпеti,с fi,eld strепgth distribu,tioп: the soli,d, сurаеs shora the fields of xlosi,tiue

si,gп, the dash,ed опеs ,i,rъdi,соtе tlte пеgаt,iuе fi,elds, the dаsk-апd-dоt li,ne i,s for the тпаgпеt,iс eqllator.
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sults, Т" = 9300К and lgg:3.2, Lеushiп (1965)hаs
estimated lg g at 3.5. Thus ali t}re еstirrъаtеs of Tu and
igg аrе in good аgrееmепt vrith опе апоthеr. F}orтl all
the data presented Те : 9525 апd 1g9 = 3.42. Еу ihe
fоrmulа

lg(R/Rzдмs) = 0.5(lgszдмs - 1g g)

and with the aid of the relations 1997ду511.1 (Straizis
and KuTiliene, 1981) obtain R/Rzдмs = 2.82, R =

4.5, Мь = -0.7. Ву the fоrmulа

V = 50.6R/P

and frопr usind:35km/s, find d = 5]-о (Р:5.09 days),
whiсh is fairly ctrose to d : 55О, the vаluе adopted Ьу
Rice et а1. (1997).

Based on the obtained чаluе of М6, с [IMa is sееп

to Ье located at the uрреr edge of the mаiп sequence"

The star is on the verge of "leaving" it, arrd Ьу the
ехашрlе of this star s/e оЬsеrvе the last stage of evolu-
tion of а magnetic star оп the main sequence. РrоЬа-
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Tirbie 1: Рапlrп,t:tеrs oJ е UMa

n,lAGjvt]?JC п.{оrgj,S оF с L|MA -,tNl] 1{о ]47аm

9525 к

{illri uut, if t}re qrrаdгuроlе corrlponent is рrеsепt, It
is сlеаг. however. th;rt it contriblrtes less than the
mеaslll,elnelit {эrrоrs. F'ig. ib displays а, Inap of the
tnttgnetir: iield strепgth distri,bution очеr the stаr'.q
suгfасе. ]]he solid jine shorvs the field of positive sign,
tlre negative field is thc dashed line, the dash-and-dot
line rерrеsепts tire tTragnetic equator.

Fig. 2 shows а scherna,tic of disposition of охуgеп
and chi:omiutn takeu frоm (Rice et al.. 1997).It is r.vel]

seerr that охygеп is located along the ma,gnetic equa-
tог. The dispositiorr of clrrorriirrrn has а mоrе corrrplex
ilаttегп, hоч,ечеr it is -qeen to Ье absent at the nrag-
rletic eqttator.

Опе carr see srnall "spots" of errlrarrced аЬuпdапсе
of СJг 1111 btlth, tlie negative and positive field helпi-
spheres. Тhus, it is арраrепt that the physical condi-
tions аге not uпifогm at the si:rface of the stаr, al-
thol.rgh it is sчрроsсr] tirat а11 kinds cif }аrgе-sсаlе пrо-
tioirs cf illa,i ter аrе absent irr the presel}ce of strrrng
inagnetic tielci, anci t}ie pirvsi.ca} conciitions аrе the
Sапlе еl,ег\,ц,hеrе.

t'ig. 3 shов,s the mаlrs of Сr and Ii clistritэutiori
taker. frоrп the раl.iег of Luftinger et а1, (1998) whеге
Сr is seen to Ьг: concerrtrated пеа,r the magnetic poles,
its aburitla,nce being lоwr:r alorrg the equator. Ti, on
the сопtrа,г1,, is defficient nea]: tlie ;loles. Frоrп the
salтle рареr it folloivs that }'е is distгi]эutеd in the
sаше fastrion as Cr. whiie the distri}эution of N{n is
like that of 'Ii and О.

3. The tr{I} 147010 magnetic model
Tircl star НD 147010, rvhich is urrique Ьу its lnagnetic
field strerrgth, has Ьсеп disco,r.,ered ilrdependeTrtly Ьч
Вrоrчrl ei :rl. (19В1) aird (Glagolevski.j et а1.. 1982).
Eig.4a s}iclv,,s thе nreasr-lremellts made Ьу fu{аthуs
(i991) irorri nreta}lic iines (fil}ed cit"ctes) a,nc] tlre rпеа,-
s]lr.is cl Tllorroson et а1. (1987) ohairred fгоrп Нб
1lne,s (cl,tlssc_.). Тhе r,alttes of the latter paper аrе sys-
tenlatjcall}, 1аrgеr 1Ь1, 1230G) and they are piotted
iir Fig. -{а соrrесtеd fсlг this vairre, Tlre c-rpen circies
indicate the trreasures obtained frоm metallic lines
(Glagolcvskii et ai., 1985). These estirnates are, оп av-
еrа8е. s.,,st.jrrratical]y srпаllеr Ьу 100 G than the mс:а-
surtэs of h,iathys (1991), i.e. оur mеаsurеs аrе practi-
call1, iп a,greeTlrcn1,. The rota,tiortal period tlf the star
has Ьееп estirц;ried Ьу North (1984)

JD = 2444998.447 + 3.9210 + 0,0001(U mах),

3.1. Basic раrаmеtеrs
The sr:rface magnetic field В. has not Ьееп measured
in HD 1.{7010. This is why it is impossible to accu-
rately estiпtate tire two aTrgles: the inclination angle
<lf the star io the lirie of sight z, and the inclination
angltэ of the dipole axis to the axis of rotation х. The
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ТаЬlе 2:

е (IMa

ig.s 3.42
USin?: 35 kпi,/s
angle i 51"
radi,,rs R .i,i_r

a.ilsoi. rnag. *0.7

_Д,/&+дл___?.81 __*_

Th,e раrвrпеtеrs of the certtral dipole of thc

520t30
_520 * 30

0о*
180" * 10" -8о + 1о

bly the further iпсrеаsе in rаdius alld t}re аtmоsрhегiс
instabi}ities dimiriish the field оr it ri ii] Ье сiеstгоr,еd
altogether.

Тhе criterion "degree of ресuliаrit1,"" slroч,s tiie
stаr to Ье of "ntciderate" peculiarity"

Тhе star раIаmеtеrs that we have fina}ty arloptcd
аrе as listed in ТаЬlе 1.

2.2. T'he mоdgl magnetic field

Ihe rnodeling of t}ie mаgrrеtiс field rvitir t}re aict ot
the В"(Р) variation сцrче frопr (Shto]' et а1., 1997)
has Ьееп performed rrsing tlre technirluct dеэsсri-Ьоd liy
Gertli et а1. (1997)" The Ьеst fit оf the conrputed and
observed сurr.е is attairred rrnder the assumption <lf

а сепirаl dipole having tlre раrаmеiегs рrе-чепtеtl in
Table 2.

[Iеrе Во is the глаgпеtiс: fieid sirength at ihe poies.
r is t}re reiati.",e distarrce оf the nragiretic пloriot;oles
frоrп the stаr сепtrе, At ап angle of star ilrclittation tc_,

the line of sight z:50o, the dipole axis is inclined to
the axis of rotation at ali angle х : Е2'. i.e. the clipole
lies practically in the equator рlапе. Fог tlre quarrtitr,
r the mеап value obserтed in СР stаr*s rvitil dipoiar,
magnetic fields has been taken. This раrапiеtег call
Ье determined accirratel1, provided that the оЬsеrr,сd
suгfасе rnagnetic field variatioll сurче is knrэ,"ln. 'Ihe
В* value computed Ьу the mc.rdel varies frоm 300 trэ

360 G.
Taking into ассоuпt the Ёа,сt t}rat the rrragnetic

fieid decreases with evolution in ргороrtiопl,vit}i R--?
(Glagolevskij, 1992), опе сап dегiче the init;ial rnag-
netic fieid, Вр 'J 3kG оп the ZAL,{S. T'hus, jrrdging
Ьу the magnetic field, е UX{a is а medium пragrretic
Star.

Fig.la presents the relations В"(Р) апd Bu(P)
соmрutеd witir the adopted рагаmеtеrs. Unfortrr-
nately, the observaiionai ассurасу is insrrfficierit trэ
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r itiide

0.

1

1

we
Text Box



i26 GJ;AGoLEysKjJ, G.EitTf{

1 8tiФ 2,?ао

Figurе 2; The d,,i,agrarпs of tke сhrоmiп,rп (Ьаttоrп) апd, аrуgеп (top) di,stri,buti,on !оr с UMa Ьаrrоwеd frоrп Ri,ce

et al. (199?); th,e dаsk-uпd,-d,оt li,ne is the ппаgпеt,i,а eqMator. Тhе shad,ed аrеаЕ аrе the еlеrпепt очеrаЬuпd,апсе,

the u,пshаdеd areas аrе the еlеm,епt uпdеrgьu,пdапсе,
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алglе i is therefore estimated roughly from osini. The
rotation velocity, usini:2Okm/s, has Ьееп estimated
Ьу Wolf (1981) and Klochkova et al. (19В1). In the ра-
per Ьу Mathys (1995) usini = 22.t*4kmls. The stал

effective tеmрегаturе Те = 13000К (Glagolevskij,
1994), the multicolouг photometry раrаmеtеr В =
2.753 (Renson et al., 1991). Hence, аs usual, derive
Мь = 0.60, R/Rzдмs = 1.12, R=2.6. If usini is
adopted to Ье 22.1 * 4, the star inclination angle to
the line of sight is then Ьеtтrееп 32О and 50О.

В.2. Model magnetic ffelds

Тhе results of modeling have led to the corrrputed
relation В"(Р) plotted Ьу а solid line in Fig.4a, the
inclination arrgle i = 67О(113') and х = 23О. Тhоmр-
sоп et al. (1987) give the follovring parameters;

R/Ro =t.7 - 3,5,i < 25о,уl6iБо,

i.e. the раrаmеtеrs do not coincide. The magnetic
field strength at the dipole poles turned out to Ье

Вр = 19750G and -9800G, the coordinates of the
monopoles аrе tabulated in Table3. The curve of the
magnetic field variation with the rotation рhаsе has
а characteristic shape: one shалр and опе rvide flat
mахimа.

Неrе the longitude is mеаsurеd frоm the positive
pole, while the latitude frоm the meridian. Ассоrd-
ingly the shаrр maximum phase of the В"(Р) curve
coincides with the mоmепt of transit of the positive
pole асrоss the visible meridiarr.

Fig.4b displays the сurче of variation of the av-
erage surface magnetic field В, of HD 147010 (сurче

ТаЬlе 3: 7а10

*180 * 1

Quaclrupole 0.1 0*1 55*1
90*1 0*1
1в0*1 -55*1
270*1 0+1

0.1
0.1
0"i

ТаЬlе
ýl"D 1

4: Dispos,iti,on
7а10

Мопороlе
Positive
Negative

oJ rпвgпеti,с пlюпорсiеs хп

0"55
_0.35

55
*55

1i. Wireli irltегаttiпg rл;ith eacii otlrer, the dipoie апd
quacirrtpc}e пia8nel,ic fielcis fornr tv;o characterisiic
;тlsЕiпа, of rл,iпоr intensity otr t'}re negative hemi-
эр,hеrе, F'ig. 5а. It i.s this configr.tration that produces
t,he r*,,irle ff;l,t itra;";irnum оп the сurr,,-е of В"(Р),

{,ct ug consider ihe possibility of applicatioir of а
сiiзрiасеri сi,iроl,э rricl,rit,l" As il арреаrеd, one сап dегiче
а similаr {л]rlit] t"lf Е"{Р) as for the c:ase oi ttre dipole-
л]uаdгi;рr_ik: cotrfigura,tiorr tэut uridег the assumption
of а 1а.rg.:, Ьу В.45, d,isрiасеrпепt oi the dipole tulvards
the рзоsitiче rnonopole, Тhе t}est reslrit is obtained
asslrming th,e раrапrеt,еrs gii,en in Table4,

'ГЬе anglв d:76u ii0.1"j, the displacernent of the

1 55*1
*55*1
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Figurе 3: The diаgrапls of the сhrоrп,i,ulп, апd titaniшm
(1998). The shaded аrеаs аrе the еlеmепt очеrаЬuпdап,се,

dipole torvards the positive Tnorropoie До : 0.45, the
distance between the mtlnopoles r = 0,2 R. The an-
gle between the dipole axis and the axis of rotation
х = 25о. The field intensity at the poles turns out
equal to Вр = 103kG and -7kG. The mеап surface
magnetic field В. varies in the maIrner shown in Fig.
4Ь (curve 2). Such а great displaceTnent of the dipo}e
and the excessively lаrgе fieid intensity at the posi
tive poie sееm unlikely, the dipole-quadrupole rnodel
should therefore Ье corrsidered рrеfеrаЬlе. With а

127

180

180

, distributi,oп Jоr с UMa tаkеп, frоm Luftiпgеr et ai.

, the uп,shаdеd, аrеаs are tlt,e еlеrпепt uпdеrаЬuпdапсе.

field strength Вр - 100G, cornpletely splitted Zee-
rrran coшlponents wоuld Ье weil visiiэIe in tlre spectra.
one can decide Ьеtwееп t}re mociels а,ftеr ttre cuTve of
В"(Р) has becn refirreC.

4. Conclirsions
We go on with the series of investigations of ttre mаg-
netic field stritcture of chernical]y ресu}iаr stars) us*

ing the technique described lэу Gerth et а1, (1997).
The ultinrate goal is the a,ccumu}ation of data оп the
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Figurе 4: Magnet,i,c .ffeld, rпоdеliпg of НЛ 1l178N:
а) the f,lled, соrс|,еs are the rпеаsшr,еftl,епts of Маthgs
(1991), the ореп сirаlеs аrе tll,e rпеаsurетпепts of
Glago'lrcusltij et al. (1985), the сrоssеs are the rпев-
sur,еmепts of Тhоrпрsоп ei al" (1987), tke сurче ,is

the nzodel соmрutо,t,i,ап; Ь) 1 - ,tke oari,ati,oп of the

mеап surt'асе rпаgпеti,с field мпdвr the авsurпрti,оп о!
diроlе-щ,аd,ruроl,е rпоrlеl; 2 - tlъе sвrп,е uпd,еr the as-

sumрt,iоп of the di,splaced dipo|rc rпоd,еl.

rпagnetic field structure of СР stаrs and the study
of the struсturаl variations with age, rvhich are ех-
pected frоm considerations of оhmiсаl dissipation.
Another objective is in making mарs of the magnetic
fieid strength distribution over the surface, which аrе
needed fоr соrпраrisоп with the distribution of сhеm-
icai апоmаliеs.

Тhе results of modeling hаче shoиrrr that the
а UMa гсаgпеtiс field is dipolar, the dipole beirrg lo-
cated at the centre of tlre stаr. The protrlerTr of pres-

ence of а quadrupole сап Ье resolved опlу after оЬ-

taining of а mоrе ассurаtе сurче of l,ariation of tlre
field ts* with phase of the cycle. Ноwечеr, the рrеs*
ence of the quadrupole is unlikely since the age of the
stаr is чеrу large, Igt=8.B. Ccnfigurations mrore com-

рlех than dipoiar must disappear during this time
lrecause the time of ohrлical fteid dissipation f яз 12,

whеrе t is the decay time and i is the characteristic

lllф

1с

0о

irigi.;l:c !),. |i'il,t гiix,{jTr€LLc fielri strength, t],istriЬut,iоп ouer
tite, э,i.irj*,,:е oi }iD i/,7a1{). а) the i!,i,pole-quadrupole
::аaCcl; h) Ljz,: ,;-l;;pi,ac:eli ci,lpole rпоdеl. The solid сurчеs
s..oi.:и j]ic jii:i;!ч ot po:;i,tit:c sig,a, tht: dashed опеs iп-
:!,,,l:tr,te the- й,.:ijatil)c ;ieltis, ilte dash-aпd,-d,ot liпе i,s fоr
f ,;|i, l-.'! ir {l {l т i t :t'гi, r: t: q в at tl,r.

sizi.* i,t iii;:, r,orte:c, ТЬе sta; ; ll]\,,ia is rепiаrkаЬlе ftэr

i' i.o ]eavi:lЕ thе Tllain scquellce. Ноwечеr, it does not
gho.,i a*:l,pecrr}iari,ties l.iitir rеsресt to ot}rer СР stars
i,a.;in!:- diiэоiаг fi elds.

{)uг ii:a,i4netlc fielci mосе1 has con{irmed the in-
iеrспссэ rriaCe lоч Rit]e et ai, (1997) and Luftinger
ет, ai. 1i998) tilat Сr. Ге. 'Гi, ]rln arid Mg аге соп-
се:itгаtссl а]эоut t}le magnetic poles, while 0 ancl Са
ahзrlg t,}ic t:iagnetic еquаt;оr rvhere the mад;пеtiс force
iii}es аrе lrorizoirtal rl,itir rеsресt to the surface of t}re

siаl. IТоr,чоl,сг tlie iocation of the magrretic poles at
а hii;iicT latitцde than has Ьееп found in оur mоdеl
{7О) ri,ould give а Ьеttеr c:oincidence of the oxygen and
c:alciurri i:eit, ii,itir tlre nragnetic еquаtоr. It ц,ould Ье
rvorthvhiie to rriake aCtlitional magnetic field mеа-
.qrtrementз to rеfiце tite сurче of В"(Р).

Ttrl: disposition.of пriпоr "spots" with а mахimum
сслпi_:г:ritrаtjtлп oi Ст is in rrо way reiated to the global
rnal4rreiic field configrrration. Bearing iп mind that
the dеgrrэе of ct;ncentra,tion of chemical еlеmепts is
sэпrеiчhаt depencieni оп the magnetic field si;rength
(GiagoleTskij, 199.1), it would tэе assumed that the
basic riipolar t]on{iguration }ras а fiпе structure. Tlre
fine stгriсturе iloes rtot shov; uр оп the relatirrnship
ý,,(Р) iзесал_l,sе rlf the irrsufficient mеаsurеmепt accu-
rасу. ]| tiris struсturе does exist, it rriust ire shоrt-
livecl bccalrse оf the {a,st rnagrretic field dissipa,tion.
h,I.эst lilrrt},, hr,:sicies the ýeld ones tltere аrе norruni-

ло
U збOо

,r.r1-,-,-,.-.-.ъ i\.,/r" _ ---_--*_-ix)
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fоrm distributions of оthеr раrаmеtеrs on the star's
surface.

The causes of concentration of chemicai eiements
in the magnetic equator rеgiоп and outside of it
are treated in detail in several рареrs, iп раrtiсulаг
(Megessier, 1984; Rice et al., 1997). These аrе the dif'-
fusion uпdеr the action of radiation оr the аmЬiроlаr
diffusion.

А уоuпgеr, as compared with е UMa, star
HD 147010 has а mоrе сошрlех dipole-quadrupoie
strцсturе as it has Ьееп supposed frоm theoretical
considerations. Unfortunately, no maps of the surfасе
distribution of chemical elements have yet been made
for it, and we canrrot соmраrе the two distгibutions;
this is the task of future сопсеrп. Fоr the ргоЬlеm
of modeling an extremelv important conclusion has
been drawn: the dipole-quadrupole model seems to
Ье рrеffеrrеd to the mixed dipole mоdеl. Furthеr in-
vestigations of this kind will make it possible to decide
between the two models. The magnetic maps сап Ье
used to study the processes of diffusion of chemical
elements in а magnetic field. As distinct frоm с UN4a,
the star HD 147010 has а magnetic dipole making а
large angle with the equator plane.
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