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Abstract : I t  i s  shown that in thc case of white dwarf stars. ciicu1::licsr.r effects 21-5 

t~nlikely to grcvent strong internal mngnciic fields f:-om being ~'32:c;ved. 

'Jhe exiseencc of" strong magarctic fields ( ,? 10'1 ga.uss ) in t l ~ c  interiors of white 
dwarf stals car] affect thcir stracturr: and I~.ence their. PIleor-e"lical mass-radius relation- 

Most v/f~.itc dv~arfs have no obscrved inagnctic field ; the upper limit 
for Ihc avcmg: surface fidd Lzing of thc ortlei- of IOS gauss.S A 5r;rction ( - 10.") 
of' wir.ite dwarP's do have si~.-ong (aver;rgc) surface fields - 13Qo 10"~auss.l~ In 
this vdork, however, we shall be coircerned wiril. white dw,:.rFs, with no observable: fielcls 
;and, i,n pa.rticular, determirle wh.,$ther such stars ca.n 12.ave strong magnetic :fields in 
their iutcriors. Cha.ial:clugsxm ;:md Gabriel3 havc discussed i:l.!.ix prol7lern. I"or non- 
poloidal roiaeing white dwarfs with no intel-~~,l n~otions. The titne sci~le of decay for 
.nlagnetic fields T, -J'S,/ ( P I  d--:[)Z y ~ f j e ~ e  5 x 189 yl: aid n is t11e order- of tile ? I ? O ~ G  

consideted. Hence? fcv>4 modes survivi: ovc:.~ a-1)~ typical age of a wilitc d~tl~fAlO"r~ 
Sillce the magnetis 6ctni b\/ould have to be a, lincar s u p e ~ o s i t o  of "!xc fir-st: few 
I I I O ~ ~ S ,  such a field worj?al, in general, be m an likely to  be both sCrcng .ill the 
interior and weak a.t tile su.rPi..~c. Mowe~ic;., as pointed out in tixit paper, the pre- 

aence of meridional c,iac~;,l~~tion coiald ~~.tTect thc al-gume:lts given. .Recently, 
K(ppe:rhahn wid Nij.llelat?.o:'T"have discnssci! the ~ossihlc  existence of circulation 
in rotatinlg w!lite dwarfs. Similarly, bvp, nl;:)r envisa.@ the existcncc or circl?Iation 
in white dwarfs whickl ~orltaial sti:sng n-i.ngale.tic fields. The purpose of this paper is 
163 consider !:he cf&cts of cir.(:nlseion on the magnetic field (and vicc versa.) and to 

determine wh.ether ci3:cul,atiofi cnn prevent a str-aag internal f i ~ j d  fiom beiz~g 
observed. 



We, consider three possiblt.: cases for the maglietic IicZd of the wiiite ci~x~iisf: (tr) that 
it was formed will? a strong s\i.t-%ili~!:e fieid whicli. il: ihcr: sonfirzed bemath the surfzcc by 
ckcralalio.n, (b) t]?.at it. was I'orracd a w e ~ k  fas~ii  field which was h k r 1 3 z ~ ~ y  

ampli.fi"~ci by -'iS-lc dynxmo rlceion of ci.rcu.lations, (cj that it: was hrnic3 nvi.jdrh 3. strong 
fossii ficld lying er"Lse!y beneath "ib.e surfacc. 

Consider ca.si: (a). Wi: first s!rppose tl'lat the circs!atjog is driven by stell:.,: rotation 
with angular veior5ty L)?. Wc dcnck  'ebc ra t io  01' cenir-iri~gil force to  tile g~-ixvita- 
lion21 f~yc:c: by h., - i3,"23/GPiYi nlizve &f 2nd K ;;;ix the mass B J I ~  yadj;!~ ~ l i i t z  
&!asi' and G the gra.vitaf ioa::"! cci:s:,,.:?~~. L.!:$ d&:l~tc fire r a . l : ~  of ~fiagnetic. 

? n 
-. - 

fc!rcl: i;:o the g : , i ~ d ~ l i ( > ~ ~  I I , > T c ~  by >~;,, === B2 .R4/cM2 .+:>iCrc js ~11, mc;;;t:I field. For 
mosl: \v!ilk!, dv/a.rfs ii( 2 0.1 radians s J,%s.c? ithat, taking R -- liJ"111, $4 ?do* 

>~.  - -. 
.v~c ! ; : ive A, 5 O.!. W:: i ~ ( j i c  cvcn if A,. m N tile i : ~ i b : ~ g ~ ~ b ~ - % " ~ g t  circulatioil 
liane T : ~  i:; r~ll;;i?ry of !.{u: ::;;:~~.111: orcler GT :;tig?;hi!~ !-:iger r:hi:n" ille cocllng Lime ~ci:or, ~f 

white ~ V : ! L L C ~ S ~ . ~  Sine?: T,:,,, - !Cr"l~:, ij-ir:: cr'rc.r:h..tiol doc;; not flavc suficicnt iirne 
to t:&tt.ri o~e:;. adeijunie tr-i:m:>-r. of tii32e: dar1,:g th<; l i52i:i~:- Q[ the wiGt:e ciwarr". 

Seccsn.dly, wc: coi;:!i&:. ihc: pr.::;~i!,;lity t ~ ~ ~ ? :  , I ,  Ti, so titat t i 93  cir,;i,ulaei:>n is 
driven by t ? ~ :  1,nagnciic iEcitI tb.scii'. i x ~  a .rotaling magnciic star: thc poioit:id compo- 
xlt:?.\t 3 7  b h ~  ~ i j ~ i & l i i ) 3  ~f m~i;h!~!?i~::l ~c:!:jhbl.i~ill: is : 

wi- ere p i!; tkc ~ T C S S I I Y C I ,  4 i;:e i:i.aviiatiun;xj. prs-tt:ntiai and cyiindr-ice; coordinates 
. . ( , , 2 r . ?"?i.~ gefic:~.:ij sol:~t.ion c f t h c  corny::eic se: of equa::;ons, r~x\g!cto- 

kryclrodyro.r::r,ir; ;i?ad !lydr.osLatic, of %thih.icS:\ cqti~:.tiofi (1) is o!?e, is i;ff~i.mic:!;;i.Sic di$ic.ilhy. 
No:.ljever, L I ~  ess:j.f!,;;rtc: of tha: :s:k;~.j;y;ctic cfiecls Jnny ::.s &:']ow; : ?.;re mot(: 
that t3.c: r:~tio cf tB:!::: cc::n.trift.nga1 force tcx-II~ to tfie ~~.;;;;ii.:;~c f<>:i~e ii;r;.iz in cqiis.ticn (1) 

. -. 

is uoirghiy cxF o r . 6 ~ ~  p~~"~] ( .~ . !~ , /4 . r r~)  2 3.M,Q2/]P,r? -, /?,/A,,: Bencc, ~:~bea 1, < I, ,  
ancl A, ni 1 one shoc.il:l obtrr;i: t1.ie s;,.mc-: m&r 0: ~ t . ~ ; . ~ ~ ~ ~ i t n ~ . , ~  for ';he cl:-c:u!aiion 

spesd. z~ in t l ? ~  c a w  \ ~ l % ~ 3 3  ha, $ As i:.lid /Ix - 1. ' ' rhii~ I?. ::.~'c(jn,g me;;netic fi&l c:...rz:i:o.i. 
C:?IIJIC &a'cq?.rsb:e circu:alic;i? ti: chcL;c;: 08 1:h.c $cid. note .l~~c:~ t h , ~ ~  ,I.,,, c>g;not be 
E a v i  .$:jpit  o:ac. 6[u-:,8 , 4 L  . ;.{I/.. b ., .,d ., , , f i . , , ,  U, -- w,,,i,i i,, . iDn~ . , ' ~ ,?p  +. .a;:..!,: , ;*, .... . . i . , ; , r p , .  . , z . < : . ~ : ,  $its ?zl:gi~Cti~ ~i?r::.zy VJCII!~ 

kc: gr(>:12:.i: i n $  -xiru~1:rlilt:& %a,!:m g ~ ~ i t ? G ~ ~ o i ~ a ]  e ~ , ~ ~ ~ ~ ~ y . 2  Q!eariy, $,]so t!!- Lib ~ 7 w  64" 

. . h, ?:: A,., 1 wca id  rlol ~j&i3i(i<::~.i.iltb ~ 1 7 3 ' ~  & gsced !$' arcula!jsfi to ajre.,ct 
tbc; ;r.bo~e discrsssicuz. 



Wc ih~;s dii:r;uss t!la pas.;ibility iha: 6'zc:~entiaJ i-~ta$:ion coy~-;l'ir,s ;I s:ro:<g m;:g;:c$ic: 
fizlcl tn-jhi,cb r:ccessarily xnusthhs: roroidzl. If we choose the mean rotatio-i;al veiocity -- 0.1 :? -- , y - - l  -;l'ih:: ~<.t.(:n@jl ~f:!?e ioroidal fi::j;l 9e:;ei-ated - (.t.rp ~ < , ~ , ) 4 .  

,sa.r::;s. S u c h  a sir:crr~~ toroir!n? fic!,ci is ~?t!;'rzble in li.: a;~scnc.: of irn equal.ly strc;ag 
I)8foi&ai fiol~j.".'o 
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