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Magnetic Interactions of Stationary Electric Currents
and the Law of Action and Reaction
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Masakazu UKAI, Shizuo OKADA, Chuichiro HATTORI

We discuss the characteristic features of the magnetic interaction of a stationary

electric current with the other elements, regarding it as an interaction-at-a-distance.

Using Stokes’ theorem, we derive formulas to represent forces and moments of force

interacting between closed stationary currents by means of surface integrals. These
formulas lead to the generalized law of action and reaction and the wellknown equivalence

between a colsed stationary current and a system of infinitesimal magnetic dipoles. The

effect of the self-action of a stationary current is also discussed.
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F = ZEF;]+ZF11,

—1]—1
N= ZZN,ﬁENM
i=1 j=1
&b, T, nliﬁgﬁf‘&’o, i&j‘:’)
WCEREIfIZ L& i=7 0FARRKBRAT
350&¢ 5. COFE1IHIR(3) itk

ZZF,J_ZZZ(FU+F11 =0,

z-lj_l 11] 1

(39)

(40)
ZZNU_2ZZ(N1]+N.“)—O
i=1 j=1 i=1 j=1
BWZLBDT

n
F=ZF,',', N=2Niz' (41)
=1

EwsEicins.
Fi;;, NjicoWwTid, chds0&7332¢%
BERTOTREL, ChohroDFEHEORE S

n

|F| =1 Fil,
=1

IN| =1 N

i=1
BHDEOEEVWERTRETH S cicxtLlTcé
DEIRKGERERE >PERAN, ChoH e—0
TO0IBBEERYT. "7 FVvEBOKRES KD
Wit

IZm <3 IR,
i=1 (43)

IZNMI <IN

i=1

(42)

DEBEBHB. ¥/ Fy, Njy 2 i BEHOHRERND
HEr CORBERE dv, BREEZ. ¢(r) &L,
i BEHOREN S BHEEES: B(r) £ 45L&,
T HEHORBENEBABEBEE T 2RBAICL-T

Fi= [(i(r)a0)x B(r),

N = [ rx{(i(r)dv) x B(r)}

(44)

ERENBEDH

\Fil < / doli(r)||B(r)],

INg| < / dolrli(r)| B(r)|

OMENBHB. 8T, |B(r)| REBEERN 3B
BN —ETH3L75L, —BRREEEBHEIKN
TVWAIAENEZEZRF HVWESRHNOMEERE L H
LK /e D etz Hon, BRER—E TR
e kbl soT, B 15 clkEKSE
2. [ir)| R |r| ik efkBEHRBVLS, BH
EZx dv=dodr i do ic & 2% DIKEMMSM
b7, |Fil, |Niu| 2 & otktztEzE->. —
%, HEO¥ n it 1/& bl ah s, S| Fal,
SNl i e ichhBld 3 Eicisd. LaK-T,
malkxEgnsE, |Fl & |N|iko0&iy

(45)

lim F = hm F;; =0,
0 (46)
hm N = lim N;=0

e—0

BEAfCEiB, BB, Y0 Fij, Y Nyj
KOWTE L & > BERET 5 &, |Fij|, | Nyl
ue4u&w¢5m,miaﬁoﬁédn—nbf
eteltpls soT, LX|F;], 23X ING| @
O D ekFEHEEROI LB, C0&>BER
DAHICE->TI 0 ERBILERBRRENTV, L
1eWoT, BESHOLIRKHEILDBEILBUBET
bolciRTH 5.

8. L ®

EEBREZACROMKNWHEEERZ, #H
BAEHELCEREAGRBNICERNLS 3 & &3,
HEEHOERELTBREXREMB L, B
xSRI T. 23T, BENEFBR
B =R/ RN BFEHEEROERELT

SUBENHBE. £LT, Lo sEAREAD
ERE—tx iz TRRESRKRW, Lie¥B-T,
AREAOEAICDVWTRARB EERBRIFL S
SHOBMBO0TH B LEBETALEITRE
{, RELHP>HODE—-A Y OB 0TH 3
CEEFARBIOALB SRV, AL, O/Nh
TUED &> BB ER(ZTS LRI (7)
EEbiRB)BRVI-O EEEEHETRL
2. 20T, —2OEEERADBOHCIER %
gL, CoBEs, TokfMEHhoE~2 V¢
ORMB0ERBLERLE. bBAA, Bl



EHBROMKHEELER & EA R &I 9

S[ECEMERET2FE4ARFCLT, RFE0W
FEOFA D Lo L > BEKRRHELEFTLT
K(7), Q) BHRILT 2 LOBEETIEHE
VThaEBEARVEAS. LhL, EEBR
BER/DESNEBETFOEFATH D, LB -T%
DT IERIc>wTik, AAKR (BAD) -
AVIBEEL, CODERAREROEB—
BitahBZdhEroRwa s, Ihsnl sz
Hffse sl i, BRKFOEAZERSE S
HDZCEETHD LMHERETS.
ek
FEomzftxofthgs C, ChEFET
BEEOHMEE SET5. £/, R50X5KHh
hlLr2limE S wEBH KBS, Ch2FMKR Co
A EicadbeCHEasic &AL LOEDMEE
AMEOFEDORE &L, ZDOREDHMERN Y
FVvE N ET B,

c ” \
s ds /
>
s
& 5

Ny PNVBFTHWS 0B T Stokes O EFH
2, EAZBO~NS G, dr 2 C LOKER,
dS=ndS % S LOoEEHR L LTRDL I LK
Ihs.,

fdr-@
c

=% drp®; = / €;;kdS;V; @y (A-1)
C S

=/SdS-(de5)=/S(deV)-sl5

7T, VRBF 75 HET (0/02,0/0y,0/0z2) ©
B0, €k BEERAHF VYV TH B, £iEH
—DRFROVWTRMELIHEMEH VTV 5,
D& Sic Stokes DEH IR EARBES 2 HES
KEBRTLI2EETH LY, HESEBRERLDO LS
By FPVBTHBSHERRL, FEOF VYV IV
B Oy, KO WTRABKILT 3.

f drkq)klllgu-l,.
c

= / €ijkdSiVi(@ktty-1n) (A-2)
S

=/(d5><V)k<I>k111,...1n
S

AR THER S 4 TOETRESIC T O Stokes D
EEEBEHT S, £7

f(drx@)i =]{ fijkdrjq)k
c c
=/S€ijk(61mjd51Vm)@k

=/{(deV)xs§},~
S

}{Cdrxsii:/s(deV)xdi (A-3)

}{ (rx (dr x B));

=7{ €ijk€kimdri(rj ®m)
=/fijkfklm(flpqupVq)("jq’m)

= [ GkerimetpadSp (Vo) + (Vo))
=/ €ijkkimElpgdSp{(Vq®@m)rj + @mby;}

=/S{rx((deV)x¢)+dedi},-

}{ 7 (dr x ®)
g | (A-4)
=/S7‘><{(d5><V)xd§} +/Sd5xqs
LT, BERMHT vV vORBHAR
€ijk€kim = Oi1bjm — bimbj1 (A-5)
2RV TORER
€ijk€kImElpgdSpPmby;
=805 (6:18jm — 6im6j1)€1pqdSpPrm
=(6:18¢m — imbq1)€1pgd.Sp®Pm (A-6)
=¢ipgdSp®q
=(dS x ®);
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