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Abstract. 

A charge q liJ<win~ in a referell(:e laboratory ".Y"l"'rn with cons tall! velo-city 
V in th~ X-~is produce& in th.e Z-axis a longitu.dinal, phs:se free, v,.c\lUil1 

nu•gr1etic field whicl! is id..,ntified a.s the .-..diatocd B (:'l) field of Evans, Vigier 
omd othl'r~. 
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Sevc~:e.l inferenc-es have converged rocentlj• on the rencWP.d oonclusiou th~tt va.cuum d~c­

tromagn!otitnn is three dimens.ion&.l, not transver!le a.s in the received view, Lopgitudinal 

elect.romaguetk lielo compor,ent,; in vacuo have been inferred by Majou.na ]I], Dirac [2], 

Oppeuheimer [31 &lld Wigner (1j, wllO described them as ph~ free_ :'\llucb latEr, "ocrmsal" 

fields of this. tnle weic given indfl}X'I:ldcnt.iy by Gianetto [5]a:nd by Ahluwalia a,n.d Ernst (6-J. 

The relativisti-c, th.te" JiJnensioaa.l sohton theory of Hunt-er an<J Wadling_er [7j implies t.hc 

same coudusiou, sar-port&tl empirically. Other oeiPp1r1cally sUl>])OI'ted th>eOric~ tlu!.t give 

l<>ngitudina.l fields in va.CllO indu~e tho~:~e of Rcc&mi et a.l [8] and Rodrigues et al- [9]. 

M~.:aros et .al. {1D] lun·-v prod11ccd a 1.-herrnodynamically ba~ed theory l~Eidlng to the sa.mc 

re~nlt, whU>se I-ll-miflcations have also been developed by LehuardL. (111- Dvoeglazov (12] 

has reviewed circa 150 :papers whi-ch inf-er pon-Maxwclli~n :p:roperties iu vacuo. Uvoegla­

zov et al. [1J] haNe discussed ipconsishmdes between the Jooa-Wcinberg a.nd Maxwell 

equations- A I!Ub&ta~!tial work by Chnby:l;a\Q and Smirnov-Rucda [14,H>] r-emoves 151:\"· 

c-ral well-known i11-I!On~istet:tcie~S in clas!:lical electrodynamics by invoking simu1tant'OllSly 

transverse and loiJgitudinal cumpouenJs in vac11o. )!funera lllld Gur-man [J6j in three re­

l'..ent p.aper~;, ha.¥e arrived at the P.xist.ence of longitudinal <:omponerots an-d the magnetic 

st:./Llu po\.>ent.ia.l u8ing a rigoron~J re-en.mina.tiou of t.he Lorentz oonditioii. Fin.ally, the 

th<'ory <'>f the B(3) field ~nd of th.e B ~:yclic equation~ has b(,'€0 :pr~>sented ir1 st:veral recc11t 

monograpl1s [17] whicl:I develop the Sttbjt'ct ~ystematically to show t.hat in general, lon­

git.udinalll01\ltion8 an· linked to tramwcrse counterpart..~ by a new equivalence principle. 

lll this Letter it is s11owiJ that tbe theory of' ClJUbyka.lo and Smirnov·Rucda [14] le.ads 

<l!rcetly to the B{3) fi.elll IJf Bvaru., Vigier and others [17]. These two lines of thoug!It 

converge on the sal)le conclusion . 

'lb see thiS-, use Ca.11Rs.ian units aud considers. cllolu:gc q movint: in .a refcrenct! laboratory 

fra.m<'! with a .constant velocity V alo1lll the positiw X -a.XiB. Let t]Je sil<': of tbe •;;hargc at 

instant t be r 9 , (:.0 , 0, 0) . Maxwell',; displacement current is ~>:ero in this theory everywllct·e. 

R.ca.lly, 11- simple charg:~ translation in spac:e prod11cell alterations of fie!<! components, 

neverthelc!lH, they can nol he trl'atc~ in t~rmo; of Maxwell ' s dillplacemcnt. currenL Stiir.tly 

speakiu;K, ill thi~ CMO: M.a.'l<wcll's di9pla.oemont. cutrent pwportim•al to BE/&t vanishes 

from P.qU{I.tion of Maxwell. This sillt-E!ment. call be 'relt.~(lned by two ditfc.•rent way~>: (i) 

0Ej8t = 0, since s.ll field components of one uniformly moving charge are implidt time-
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depcud-cnt function"' (tim() e11krs 11.~ a. uniq'llc p.u·e.mct.er) so tlla.t from t1Je math-ell1.atical 

standpoint only total time lieTivative t~al.n he applied i11 tbis c:a.se whereas p!Lrtial time 

derivative turu~ O\lt· to be not A.deq_uute (timt' and dist.an.;e are not ir1dependent \'Biiablcs); 

(&i) a non-zero v-alue of DE f8t. would impl:-,- ~local variation of field~ in lime independently 

of th<1 chMge position and hertce wculod imply the expansion of those local variation~ 

through thP. pro:pagat)r;m of electromagnetic waves . Thi~ would cont.ra.dict tlte f<tc:t ihat 

one uaiform1.Y JUovinA: charge .does not rH.di~tte el.,ctro-ma.gnct.k field. 

In this respect, it WIL5 Rh.ow11. in [lf>] ihat in a mathocrn.a.tica.lly cc:msi~tent font'l of 

M.a.xwcll-Loreutz ::;et of equations all pa.rtial tim-e derivatives must he Stlbst.ituted by to-tal 

ones. Only in this wA'l al.lambiguiti-e~ relat.ed io tl1e .applicatimt of Maxwell 's displacement. 

cun.,nl Cl!.IJ be remove d. On ~hoe l.'t.hcr hnud, it woul!l imply a. corre-ct ext-ension of this 

couccpt. to all qullflit~t,ati<· phenomena_ Thus, a mathema.licclly rigorous interpretation of 

equation of Maxwell 
4.r 1 BE 

r.url H = ~qV .5(r - rq(t) ) ~ -;; f.ii 

in the cnse of a cb.ol'Tge movin~ wit!! a. constant. velocity le£J.c;ls to the following conclusion: 

in a. free space out <lf & charge the vo.lue of carl H ie equal to :zero. 

The lo.w oi Biot and Sav&rt [18} gives, fur this 9:\'-stem, the magnetic; field strength.: 

where the E is given by (20) : 

1 
H = - V X E 

c 

were R h distance between the c.hargl· and a point of observation (in our case R 

[x (t)~ + ,p + z2r12

, X (t) = r - r-q (t) . 

(1) 

(2) 

Using Ampere ':o Law [18] withoat Maxwell's di:~~poloc.ement 'CUrrent. gives et•rl H ,. ~j 

where j i:s the conducting current den:Jity j = (JV. Usc of Ga.llss'g The(}rem Ji8] div E = 

4r. {! re.>uliiJ in: 

I 1 1 
curl H-=-V{div E)= - cutJ(V x E) + - (V · ~)E 

c c " 
(3) 

(using di11 V = (E · V)V = 0). Hcwevcr, from eqn. (1) : 
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1 
curl H = -curl(V )( E) 

c: 

- 1 h 

08Al8/B6 15 : 43 P04 

(4) 

and eqn1:1. (3) and (4) produce a po.ra.dox, bc-t·.aus.e (V · 'i7)E is rigorously non-zero. 

There b e. term needed to clt.ncel out the first t,enn ou tbe right nand side of eqn . (3), 

whicl> has heen derived il• the steady !lta.te [171 ll$Uming that there is IIQ change in net 

cha.rge deii>,~it.y anyw~1ere in 5pac-e, i.e. hy u~>utg the Ampere's Law w1thoul Maxwell 's 

d)~pla.(:emenL curreiil. The missiag term mu.sl therefore orig;inate in an entirely m~vd 

ws:pl~tccmellt. ... urrent, jd, hitherto Ul!C()nsidered ju eJ.ecl.rodyna.mic..'i. ThiJfl Ampere's Law 

beCC>mcs : 

4lr 
curl H = -(j -i J.d) -

c 
(S) 

We know that div ~.,.rl H - 0 from vcclot• s.n.olysiR [191; so, since j., is Dl>t Maxwell':; 

famous di:>r>la.ccrmmt cunent by construction [15), (thus div jd = 0), tbe only possible 

alternative is: 

I ( . jn = -curl UF) 
41f 

(6) 

whcr"' U(x, y, z, t) and F(:c,l,l, .t, t) are scll.lAr .a:nd vector function a ()f space aud time. W-e 

a18() note th.at the ooluLion (6) is parL of -11 more gcuera.l, well-known. equation (17): 

F'rom eqn . (3), it is seen that F i9 in the 2-axis, n:mtually per-p~nd)cu}ar to V., l!.lld E.; a.nd 

hM been introduced iD the oontcxt of a steady statP., phasP. free, problem. Also, UF /t has 

tbe units of ma.gnetit· fi~ld strength, wbicb WP. -denote HC3J_ ThiB is clc.w·ly the analogue 

of B(~/ {16J. F.qns. (3} B.Ild ( 4) beoornc the sa.nw therefore if: 

C'!l.i"l(UF) = -(V · V)E. (7) 

Iu sour<.:e fr-ee rep;lons of ~pace (I.e . very far frum tb.~ ~hargc) we -obLa.in 1: 

1Tbe rigormu deriv .. tion of eq_n. (7) requin.•s the •~p.aration of fil'lds ll4j: 



C!<ri(UF) = 0 

Sin~P. F is t~h.a.se frre 1n the Vti<'\1\Uro, its curl ]s zero, and so: 

gr~a u >< F - 0 (9) 

Since F i:J in the Z-a.xis by construcLion ]t is given £rou1 e<:tn- (9), finally, by: 

lJU 

( )

2: 

Fz ~- {j;:. w (lO) 

where w is an .arbitury c.onslant scalar. 

Thi~ i.~ <1 phase jree, radial-ell, l01~ytt1tdinal ~nagnetic ft"ld, which can .exist in the ab­

~enc~=~ or prese11ce of Maxwell's di.~p!acemcnl r;-urnmt, ant! which i-!< prr;ul.u.ced by our rwvel 

diap!acerm~not rurren t j,.. 

Thus F has the same properties precisely .a.H the pre-viously inferred B<~J magnetic flux 

density [lG]. It is the radiii"ed longitudinal magnetic field tlue to the jnfinitcly dh~ant 

clu..rge q. Such a field does not exist in the received view in the <tb:;euce of Maxwell ' s 

displacement cunellt 8Ejf1t. F'urthermore, since curl F = 0 in V;lt.Ctlo, it fol1ows that 

F = grad cp,.., where <Prn is the magnetic scalar potential of Muno;:ro. and Gu<!Oman fJ 6]. 

Also, 3iflf'.e aiv F = 0 iu VB.CilO, "then. F = -Cl•rl A: .and :so curl A = grad ~m iu ''ilCI!O . This 

lead" to the ttt&.gnet.ir. dual inLerpr<i!tR.t.ia.n of Ma-xwell 's equatiom by M unera. and Guzman 

[ 16], who U!;(.od th~ conventi()na.l disl)lll.Clemm~ current. In g-eneral, :8(3) coexili~ witb, apd 

is linked geomch:i(;a.lly t.o, the tr;anRverse irradiat-e(l wave compouent BC1• = B(2l• ]17] 

through the vacuum B Cydi.c e.qnat:ions . Tile t.rR.neversc irra(liat.ed waves, however, are 

pbR.Rf! deJWndent h1 vacuo. The field F c<I.Il exist when E (ft·ee) is not zero a.nd V = 0 

becau!!e determinant~:~ of eqnfl. (7} a.ad (9) a.r-e :z;ero a:nd ~n- (9) must !Ja.v"i' a. non-ze1·o 

where Eo bflCUJIIeS th._. 5Q)utian oi i'oisson'• equaLion. in. the otalic limit, a.nd whe.-., E• i& th<> 
solution ui thot' W!Wt; <:'IJU .. tl()ll for fr<X: field . Therefore- E· is a function or nltArded time, bul 
Eo 1s uot. Thi~ r<:'quire• & ca.reful re-.. .xHminaii<m of pre-cepts in p;vtial diffe~·elltial a.naly..,is, and 
we have cc.-rried thi£< out in th., course of our derivaLion of eqn. (7). More d<'iaib wu reported 
ill [l;>] awl w>!l bl' r"'P-orted in future worl. Eqn. (7) is rigoromly ('.nnecl if and only if Eo is. 
~ fuiLction oi -tbe Lype :F{X(TJ, !/,-"), where tirne 'T' d<>eB not depEmdent on retarded time (T i~ 
I)Ol denote<:! by I. he ret&rdcd time); &nd if E· is .. fun-ction of u .. ; type :F(:r' !i, z, t) wh.em t is 
cou1pounJ function of retard...! lime (I is denoted by thoretMded time and vice venm) . 
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&olut.ion, even whc11 a.ll miuoa of (9) are ~ro. Ill othel' words, this is true ev~u when E 

on Lhe rigllt lu.n d &idP. of eqn. ( 7) is: zero-, i .e . when tb.c only liel d pn!fient i"' the irradiate-d 

{sourc.e f.re~;} field. The results of our cakulation are dilferent from tho~;e of .Jad<.ROa 

[18J , J>. :HH, where the relativistic no.diation from a eha.rge tmuslati!Lg with comsta.nt 

velocity is ~how11 t.o lx• a plan-e polarized t'f'ausver!i(_• wave, with a.n os-ciUa.ting longitudind 

c:omponeut. Jack!'lou uses implicitly :Maxwell':;; di~>placemcnt current. beca.use the non­

zero field (!()Jnponcnt~ resulting from hi~ c~tlculatiou a.re time de~ndent. A complete 

uuderste.nding of tais b-ll.sic pwhlcm in electrodymuui<'.!l requires t.ltercfore com;idcr~tiou 

of be~th lhe Maxwell displa-r.emcnt curreont a.nd our novel c:uncat j 11 • This should vroduce, 

cot~!lis.tcntly, tbe B cyclic Theorem in va.cut;>, i.~ . 

( 11) 

in cyclic pvrmut!\l,ion in the b:a!lis ((1 ), (2}, (3)) ll 7]. 
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