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Abstract

The electromagnetism taught at schools is usually based on the six equations published by J.C. Maxwell in 1864. There
is another basic electromagnetic phenomenon called Lorentz’ force, which states that to a moving particle at velocity v in
a magnetic field B feels an electric field expressed by the vector product v x B. The two theories are applied properly to
practical problems but their mutual relations seem rarely presented.

On the other hand the Lorentz’ force was derived quite naturally in the paper “On electric dynamics of moving bodies”
by A.Einsten in 1905 based on the relativity principle. However, the given formula is 5 .v x B, where 8 =y (1- (v/c)*2).
v is the velocity of the moving particle, c is the speed of the light in vacuum. The author understood the Lorentz’s field is
a relativistic phenomenon but had the doubt that the usual expression is only approximate that hold only for v/c << 1.
The doubt is now cleared by deriving Lorentz formula from Maxwell’s equations directly and further study of the
relativistic theory as herein reported.
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1. Maxwell OERFEHGER

BHER FOWFEN 72 61T 1.C. Maxwell (2 X VAL S iz
(1864), U T D HEMESENITH T EH T2 ENER
(Electric field) vector, fs 5t (Magnetic field) vector T v ILIZfL
B LRFMOEETH 5,

VxH=J+0D/ot (1-1)
VX E = - OB/Ot (1-2)
V-B=0 (1-3)
VD= p (1-4)
=72 L
B= u -H (1-5)
D= ¢ -E (1-6)
J (L& FE (Electric current density)~<Z kL, B,D 1IN F

FURE T B (Magnetic flux density), 75 R %
density) X7 ML TH D, u .
5 (permittivity) T 0 | LUTFIZIWTHR O % 51 (isotropic)
DEEIZBWTIES & 72 5,
o IX 1 £ (electric charge density) CA 4 7 —(scalar) & CH
%o
VIEMOTHAFTH Y (X, y, ) H MO bV Z |, j, Kk &
T5E&

V= i0/0x + jo/oy+ kd/oz (1-7)
A (1-1)i% Ampere OERI, RO BERMPMR L RAET DL
HIZ7RLTW5, oD/t XN & FROMEEZA L, ZNE
1t (Displacement current) & FEIZINL D,

J&  (Electric flux

e 1345 4 T 52 (permeability),

K (1-2)1% Faraday O FEREH5E (Electro-magnetic induction)AHI

FTROOHREE B ORFRAINSERZAET H1EAIZRL
TWo, A(L4)iF Gauss DIEAITH Y, BER L EROMGEE
5.2 2%, RQAINTEMITKIRNT 2 Bemi 1 2AF7E LRV 2 W55
%o

2. Lorentz };
o Maxwell ® FFEFITN 2 TERMKFO LR 2 b DI
Lorentz /1238 %,

BERE, R B OBMRICERE q ORFNHEE v CTF
FLTCWD LS f=q(E+VvXB)EX%IT D,
BB MUl vXB IXEMICERTHINZD—20D

FRIFA 7230 B 1905 40D A. Einstein 12 & % 3C DES A D

BRIIF] BV TRERFSHER RIS & > TH 2 bivz[1].
TA 2 B A TEET DR T MR O I B A A
TLEGERE LA DITT,

ARENZ BV TIFARERERIC & 53 M. Faraday 12 & - TF
AE# ) C. Maxwell 12 &> TER(L SN 7= EBRFED R
AL EENZERESELT D,

B q ZHOTCR TN ZOBHRO T A2BHE v CIESI LT

WHbDLT D,
EREHE O & R R L
[ VX Edt=-B
T5HE

qVvXxXB=-qfvXxX(VX E)dt
=qf[(v.V)E - V(v.E)]dt
= J[(v.V)f - V(v.fH]dt
L f=qE I3MER FIZERPMERT 21T 5,

BT OB REE m &35 L) f ITIRORR IR
BHARETH D,

f=09.E=m.Ov/ot
T5HL

v.V)f=m.(v.V)ov/ot=0

7V (v. IZONTHD & (v DITEAREERE 72 0 0 )220 72
EHTH Y Z ORI REL R D,
Z 2T R X — DT HIT N O TE OEFEIT RN
Potential ¢ & L THEEINDIETH D,

Dbkafbdnl

q.(vX B)=- V¢
BI5 q.(vXB)IE 1 TH D 1t > T XBILRES & #HEN 9 5 i B RL
FIZRVAETZEENICHRT HERTHLIENTND

il 1

—HERRBER B ICHIRE v TEM q ZE ORI EAEAL
&35, iE FNZIF 57 q.(vXB)
IR B ICHEE v ICHERT S, HIHZFORERL 136

S B ICHEE W ETHELE EOEB £1T 5, I OEB)T

J:/)T @p *\



FF RIS Cyclotron IZJSfH SN TV 5,
ZOMO¥EE r &§ 5 EHPuEDORLTEENICHD
BRICE S THEZONDHEMND

m.vA2/r=q.v.B
LIRTENREIOR S22 S e

r=(mv)/(q.B)
O ERIM OFLICEE S Fu, B q & VFaliEME o B
q 12 &Y RIFS D FESRONIT X 2 FEEN A T
%o

-(@.9) /("2)=q.v. B
kv

qQ=-(mv/g)"2/B
S:Ai#%FE Potencial 1

o=q/r

i 2
—HRESR B OHICTFRIO & 5 I8RO 4 4 12 KV [Bls
SHLZLDOLET D,

-~
-
-~
-
-~ /\
L~

EiRoiEmIc £ 0 A£OO ETIETR, T CIRBIT I
B EDER E »EL D, AIBERA DR ER 2 <
Lorentz N & AT HERTH D, TIVULERITH - 7B 1T X
V) Wi 0D 1] i |

JEds= v.B.2Lsin(0)
ROEMAENV ZETDH, HL2LITEEOES, 01y, B
DI TH D,
ORI O¥EE 1 BEOAEE LY o &35 & EliEFOH
SEvE roTHLND

V= 2re.B.Lsin(0) (0=w.t t;KR)
Z A M. Faraday O BREFHE M b 72 WEL LI TICAT,
Faraday o #EfakE e RUE

VX E = - 9B/ot
ZhE LRI OWTHBEST 5 &

JVXxEdS =- [OB/otdS
=-[0/0t] JBdS
= - [8/0t]2rLcos(0)
72331 Stokes DEFRC L Y BREESY L 72 0

fVXxEdS= fEdI=-V
HZ

V= [8/0t]2rLcos(6)
=2r.0.B.L.sin(0)

PA BT Lorentz /) & BEREFE N FM R FIR I NI,
Z D& RO BRI D7 < L BRIV, FEEME LTE
M 2. WALV ERZ MG 2 LR T ORI Bl
WAECEBWE S LCTERT %,

3. FEBRAEEE S
Lorentz FJZRETABID R TN T A o & A > OF%HEEL
F(1905)[1] 7 BB N D,

3-1  AHATREE)E

FeH—E D

FEBRIT K o THESZ S 772 221 0D Y o0 B (A3 O SEEIR
BICEDLTHICETH D &) FHFEEFEIHE 2 CTHxHE
HERIIEE SN TV D, BID ¢ =3 x 1078(ms).
ZHUTHERRLTF DL IITEZ D LEFARRTHLINI L LT
EBEZDEMFTE D, BRI OEREA LT Maxwell O 5
Mo e=UY (e.u)e7b, (AL ¢ ITEZEOFHER. u 1TEME
Th D, BLEOYRIMEE IIBLIF OBEBIREIK S 2VWVE
ROTZORIITEFRITITL THERARFITEL N D,

HY LA
ZOo0BHIFZEK EKNHY KiF KIZH LT x 7 EIEE v
TERIIBEIL TS D LT 5,



BUAR K & k ORI R OEMEIEZ 220, x), (t,8)&
T 5, HHMETEOT Y LA L LT

E =x-vt

T =t
AT A EAETECIEaL BARRER, BN 22 & R I
ML THLEETRT, KA THEEwWOWE KR THRITS &
HE L viw L7225, w= e OB EIIEEE R G FICRY
BHIFEEICAEDR,

Lorentz Z#a

FIEARZE OJFRER A 72 T2 K SR OJEFE®, X, Y, 2) & K RO
T, &, n, Q)DORMICIZRD Lorentz ZBHANE Y 317272 < T
IRBTRN,

E= B.(x -vi) (3.1-1)

T=B.(t—Vv/c"2.X) (3.1-2)

n=y (3.1-3)

(=z (3.1-4)
L

B=1Y (1-(vic) 2) (3.1-5)
FEH R

BEk k 0 bEflR K 28T 25823 Eove -vEeL
72 bDOMRE LB THILT 5% Th D,

x= B.( & +v. 1) (3.1-1)

t= B.( t +Vich2. &) (3.1-2)

y= 1 (3.1-3)°

2= ¢ (3.1-4y
PR S A

Hrik RO T CIREERT t & ZERIX, Y, )ITMNETH B NE D
BERREBIT 5 L O & 2R3 F S Ty, B
M & 22/ % &bt 7 Uk ST A 2 a9,

EEoRMOEN
EHER k DR &= 0 ITENIVIZRFFT ORI R 2 55 1R K
THHT S &

t= UBt=V (1-(Vic)y2)t

BEMEDE X DHEH
EERDO(cl, 1) KON(t2, E2)74225 R NOETEIL
RITHBWT

x2 - x1 = B (82 -E1)+Vv (c2- 1)}

>

t2- t1=0ZxfLTiE

E2 -81 = UB.(x2 - x1)= 4 (L-(v/c)*2). (x2-x1)
NG @B R ER T s, & 2 TR LT DT D%
ROBEEPR—E L TR D TH D,

R 5 EMRHORETERE
kR KA LT x A Bl EAUESR) 2 3 2 BEIR O T
WRDFIIRAFSILD,
ct)2—(x"2+y"2+2/2) = (C.t)Y2—-(&EM+n"2+L"2)
e L AT R BT R
IRFfH] & 22 RERRE D P N
t>t+At, x> x+ AX, y2>y+ Ay, z>z+ Az%E
{28 U CRLF O TSR Y 3L,
A2 — {(AX)2 + (Ay)2 + (AzZ)2}
= (CA)2- {(AE)Y2 + (An)2 +(AL)2)}

32 EBEEDEXFE

AR D Maxwell O FFEFRITFFIER K (4 X, Y, 2281 5 RET
HD, ZZTITER vector E1E(X, Y, 2) T EIDREST(EX, Ey, Ez)
ZFFD, o> vector D, B, H IZDW T HHERTH D,

BRI 5 HE%HERE
SBEFRK(, &, n, {)ITHBITDHER vector %
(E&’, En’, EQ)FELKRILLMOERET%
V' = i9eE + jolon+ koA
ETHEBEHR K BV THLEFER K &2 FAFRD
Maxwell FLt T FR AR W SEDETH D,

V'xH = J+0D/or (3.2-1)
V' XxE = -0B/Or (3.2-2)
V'-B = 0 (3.2-3)
VD = o’ (3.2-4)

BB 5 EBREA OBAEE#
B2 B\t



(3.2-5)

FRHAER L O BEEH 7 O JERR A AT 5 LR, BT OV T
IROZEWBRIAFL Y SIOFENRIND,

E&°=Ex (3.2-6)
En’=B(Ey — V.B2) (3.2-7)
E’(= B(Ez + v.By) (3.2-8)
Bt= Bx (3.2-9)
B = B(By + v/c"2.Ez) (3.2-10)
B’(=p(Bz- VIc"2.Ey) (3.2-11)

EOXDF DT
(1) EB R OER S5 [ O EHEFUTE L,
(2) YEB & B £ J7 16 (transversal direction)iZ 1

Et =f.(Et + vxBt)
HHRE B= UV (1 - (viey'2 )M b T 2 ma BRI IE
R L HER Y MV OAFEIZ L 5T Lorentz HEAT 5%
DIMZ HNDENGD5, BlD Lorentz 77 & (3FHXIFRNZ2 H O
ThdLbERD,

HASIIREFUIZ SN T D

B’t=3.(Bt - vXEt/c"2)
PLEXY
(3) FEBNFANILER & BESFUIINNL Td 5 23 B 7 A & B A
FHIENIEER & BT~ 7 MO Lorentz 25412 X v R
HICEWHT 2, RIITTEZEDE TERR L LT &
BER® D,

33 BHEAOHTOETFOES
AR KT LT x IS HE v TEEI L TV 5 EF ot
L CREIR k O TR 2 & BREMICITk o@ES) F AN
B2 EEZ D,
m.[(d/dc)2] & =e EE’ =eEx
m.[(d/dt)y2m =e. En’ =ep.(Ey-V.B2z)
m. [(d/dt)*2 1¢
BL miXETOERE, el TEMTH D,

=e.EQC’ =e.p.(Ez + Vv.By)

Iz RTERINT 2L E5R5THAS I,

ETDOEER
BT OIEENTH IR I L TR ERERES I, £
OEFNI AR E <,

EIT LET A L T D BEEERODE DOk fFRE DK
(CAY2 — {(AX)™2 + (Ay2 + (A2)2}
= (cAD2- {(AD"2 + (A2 +(ADM2)}
BT
(Agy2 + (Aan2 +@AH"2 =0
b SR
dec/dt= v (1-(vic)2)
=V (1-(dr/dt/c)2)
=18
AL
v = dr/dt
r=(xyz)
TH D,
ZIT I IBERLEFOERERTHD,

IR b RizBTOEIHFREX
FPTETOEITH A OWTEAENR O L 9 IZRe M $ 22 b [F
CHRTHaTe b
d & /dt = dx/dt
HZ
[(d/d )~2] & = [d/dt][dx/df]
= [d/dt][dx/dt]. [dt/d < ]
=B [(d/dt)*2]x
AT & EA TR
[(d/d<)*2]n
[(d/d c)"2]¢

B 2. [(d/dt)2 ]y
B 2. [(d/dty2 ]z

it R SR TEA 2 00 5 TR
m. B,[(d/d)"2]x =  eEx
m. B, [(d/dt)*2]ly = e.(Ey-v.Bz)
m. B.[(dld)~2]z = e.(Ez+V.By)



34. MExtmAES & L HE 2 30k
LOXEBHS D LIROENT Z D, [1] WNILgERE  T7 4 vy o Z A ARG JE IR
(1) EBEAPEFICKETITEE O ILROEBERS &
Lorentz B T 2,
(2) #E v CHEBTLEFOERE L= UV (1 - (e 2 )T
%, THEIARFREIVERE SV D,
FRX B E RITEBRAIC HIEA SN TH Y . MIROHEN
HIZHECE RVFEELPHIOR L T D,

FERERE) T R —
PLEXY x 1T F R TIEBRWEDNRENTZDOT X Z0E
N7 MLrIZEE#Z D,
dridt = (dr/d < ).(d = /df)
=(dr/d <) (1 - ((dr/dticy2 )
=(dr/d <)/ ¥ (L + ((dr/d < )2 )
fin s
de/dt =V (@ - ((dr/dtic)r2)
=1/ J (1 +((dr/d < )c)™2)
£ZT
m.ch2 [d/dt] (dt/d < )]
=m.c”2 .[d/dt] v (1 + ((dr/d t)lc)*2)
=(dr/d <)/ ¥ (L+((dr/d <) /c)*2) . m.[d/dt] (dr/d <)
=dr/dt. F
=Vv.F
L
F = m.[d/df] (dr/d <)
= Bm. [(d/dO)r2]r
I3 TH D,
Bz
v.F =dE/dt
I% Energy DAL TH Y . EIXEEEOZ R LX—TH D,

&y
E=m.c"2.(dt/d 7 )
=m.c2/V (1 - (vlc)*2)
=m.c"2 + 1/2 m.v~2 (v/c<<1)
—IH I T R LR — | CIHTES T R —TH D,
Frlk = XL X — [ TEE L =RV F—DOEMMEEZ R T,



