R I, O'ConxELL

12 Telleraio 1570

Lettere al Nuove Cimendo
Berie I, Vol. 3, pag. 218-220

Magnetic Moment of a Magnetized Eleciron Gas
and Magnetic Fields In White Dwarls and Neutron Stars.
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I b been soggestod by Lek, Caxers, Cino and Coovpews (4 that the magnotiza-
tion e to the magnetic momen! associated with Landao levels will eeeate in white
dwarls aod neviran sbing vadues of the moagnetie indvetion B eanging from abont 107 G
up to lields of the order of B, = wfceh =-44- 109 G, In somo recent uppublighed
worle we dispgrosd with this eonelosion, ut wo now lind that owr eriticism 18 invalid,
Our previous analysis wia based on oan expansion of the various thermod vinmieal
quantities but this ik wrong becanse it turns out that chese quantibies pee not nnalyt-
W funetions of H for small K.

Wo now prosiol analytie arguments which in fact sapport the nomerisal vesults
of Lup of al. 1) (and apelogics o these authors for onr previous invalid evitieizm),
We will eonosentrate nitially on the nonrelativisfic regimo lor which wellknown and
eorrect Tosults exist, Using the results of Wiisoys (%) (which inchude the offects of spin),
taking T'= 0 (thoe anost favourable condition for the existence of « LOFER » (4} nnd
uging units k==, (mass of the electron)= 1 {#o that B, = «~! whoee ¢ iz the fine.
plracture conatant) we find that the magoetic moment 3 and the total number of
particlos per onil voluome X may e written
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('3 H, ) Lxn, Vi, Caxoro, H, YoCm ond O Clncnens: Phye, iev, Lol 33, 380 (1060} V, CaNvTu,
L%, Caoe, O, Coovoiny and B, J. LEs: New souaree of infense magnelic ficlds #a neudron stars (ko bo
puldished),

" A H, Witsax: The Theory of Melale, 20d cdition (Cambebdgo, 1965), p. 171.
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whers

) b= 2 (HR D

ind g denotos (he chemiceal potential.

Now, sinee N im o constant, it is elear that g gencral depends on 8 and the s
remark applics o the ;: appearing in the various resubts of i et el (%) Howoever,
in the cuse where & =1, it ds clear from eg. (2) that pomay T poganided wa o enstanl
and, Tollowing L of al, { b this i8 the ease we will eongidor honecfortl, An eslimat
of the mnximumn ahsolute value of the oscillatory part of M, M any (1), can be e
by noting that
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1w now geeopt the squation (') B o H 4 42X (B) amd tadko B0, Ehen it Tollowes
Frowi oqie (1) nnd (43 that the maximnm value of B ooay be fonand Fram Fhe equakion

(5) B4 dib=n0,
wliers
(1 d = {42 HZVIRY = 384 2l

Now for b o1, i1 i elear that 4 s essentinlly independent of B, Thes, thoe solutions
of og. (6} are B=40 and Bt= —d. The latter sohition implies B = o4 1y foellows thal

B
(7 E = 0.13a it = G.05- 104,

r

1f we asswme that o] {7) iz aleo eorrect in the relativistic regime, then for yory flenae
hodlies wis et

(%) By= 3{pn)t,

where #, is the maximum magnetic ficld in units of 1% 3, gg s the density i units
of 10% glem® and = (numbor of noeleons/number of electrons). The a? dependenes
af B, e in complete agreement with the numerical behaviour obtained by Lie of al. (1)
and our gomewhat larger abeolute valucs for B, probably reault fron an over-galimate
of |M22 by a factor of about 2.5.

That ¢g. (7} is in fact the correct relativistic equation finds support from the work
of Lirsarrz and Kosevicn (Y. who derive the magnetic moment for an arbitrary disper-

(W, W, O and V. Casoro: Phye, Bee, Lelf,, 81, 110 (1063); T Y. dmw amd ¥, Canoeo: Aalve-
fifiyte, JJorn,, 168, LIGT (1008} V. Casvre, LY, Cow and L, Faseto-Caworo: Aslrephys, Space Sei.,
2, US55 (1960} 0, ¥, O, ¥, Caxomn and L, Fassto-Casomo: Phye, Reeo, 176, 1633 (1164),

(111, M, Lieemirs and A, M, Kosuvies: Zurn, Blap, Teor, Fiz, 200 730 (1033) (Leanslation: See,
Phys, JE£PP, 2, 636 (18333,
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gion liw ond 1his work may be appliod with appropriate moedifications to treat the eage
of the euergy cigenvalues of a relativistio electron. As in the nonrelativistie ense. for
b1, the nmplitude of the ereillatory part of the thermodymmmical potential 48 amall
rolmtive to the aonescillatory part but the meverse is brue in the expression for flie
magnetics mement. This i dae to the eraeial Beet that the aegrment of the cosing tern
in the expression for the thermodynamical potential (sec vq. (2.20) of ref. (1)) is propor-
tennl o &0, whoee 8, is the extremal valise of the erosssectionnl ards of Che Porini
wielnee g, for geoe ] (dense bodics), & is proportional to @ When this aegemen
in differentinted with respoet to B it rosults in a relatively lorgo amplitude for 3™,
1 sddition, we have namevieally verified that g may also be considored s conatant in
the relativistio pegion, provided that b =1,




