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Field and Energy due to a Moving Charge in Free Space
K. MivyosHL* M. MIZUNO,** Y, SEKIYA*** and Y. MIYOSHT****
(Received December 20, 1986)

This report is a continuation of the previous paper. Being based on the analysis of electric
fleld and electric current, a phenomenological study on magnetic field, electrostatic and electro-
magnetic energies and energy flow (Poynting vector) due to motion of spherical shape (spheri-
cal volume, spherical-shell volume and spherical surface) charge has been carried out. Taking
the spherical surface or spherical volume charge as a model of electron, electron mass and
classical electron radius are also analytically derived, and the values obtained in such a way
are compared with those mentioned in many books. The content of this paper is as fol-
lows : 1. Introduction, 2. Fields, 3. Energy densities, 4. Energies, 5. Energy flow (Poynting
vector), 6. Comparison of electrostatic energy with electromagnetic energy, 7. Derivation of
electromagnetic mass of electron based on the above-mentioned analytical method, 8. Conclu-

sion.
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Fig. 1 Electric field intensity vs radial distance (Spherical shell charge)
F1(R/a0) =g (R/a)/q (a/av).
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Fig. 3 Magnetic field intensity w»s radial distance and directional angle
(Spherical volume charge).
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Table 2 Field, energy and energy flow due to moving spherical surface charge.

Region
Quantity
On spherical surface, R=a Outside spherical surface, R>a
0 , R—an*
E
(V/m) -2 =9 _ Roa
£0 4meoa?
0 , R—ao*
we (J/m?) i q2
9e0  32nfeoat R—a
We(l) Weo : 0
1 q*
We) Wer+ Weo : —— +——
8meo a
0 , R—ao)* All the expressions for the
H(A/m) » corresponding  quantities
v sin@ = 43“22 sin®, R-—a are the same expressions
as those in Table 1.
0 , R—ao)*
wm(J/m?) 1 (qv)?
L 24in2 @= in?
P (ov)2sin2 @ Bomat sin?@, R—a
Wm()) Wmo : 0
L_m | (gu)?
W) Wit Wmo : —5 - ”
0 , R—a0)*
S(W/m? 2 2
/m%) LY in0=—L% 5in6, R—a
€0 (4r)2e0
T (W /m)** 0

Notice : * Dealing with as the limit of spherical-shell volume charge,

R-aq : the limit of the inner surface of
shell hole.

spherical-shell volume or the surface of

R-sa : the limit of the outer surface of spherical-shell volume.
# P=Lim(S-(a—ao)) could be called “surface Poynting vector.”
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Fig. 4 Relation between magnetic energy density

to electric energy density ratio and velocity

of moving charge (Spherical shell charge).
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Fig. 5 Relation between magnetic energy density
to electric energy density ratio and direc-
tional angle of moving charge (Spherical
shell charge).
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Fig. 6 Relation between Magnetic energy to elec-
tric energy ratio and velocity of moving
charge (Spherical shell charge).
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Wer - Wer B Wes :WE :§<?> (12)
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<— E (Electric field), radial to the spherical surface

®©® H (Magnetic field), perpendicular to the sheet

<— S (Poynting vector), tangential to the spherical
surface
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Fig. 7 Electric field, magnetic field and Poynting
vector due to moving spherical-volume
charge in free space (Spherical volume
charge).
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Bk, BRER JORERENCSWIBERE cx—E
LTI &R a0 OBRY L ESERED. £
DPED=FNAFIHELIER KN LS. Z05H
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HOZTE, FELERKERS AE=5 VR R
TEZHZERLTHS.
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Fig. 10 Distribution of electric energy and magnetic
energy in external space of moving spherical

charge.
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Time Position of Functional form of E,
Quellpunkt H at Aufpunkt P(s,2)
t QQ, zo) f(s,2; z0)
i+t Qc(0, zo-+vte) f(s, 25 zotvte)
te=R/c,

Re={R?+(vtc)2—2R(vte)cosOt /2= R{l—(v/c)cosO}
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Fig. 11 Explanatory figure for discussion of in-
fluence of electromagnetic-field propaga-
tion.

Table 3 Comparison of electrostatic energy We with electromagnetic energy Wm in each region.

Region
Energy Qutside spherical  Inside spherical Inside spherical-shell On spherical
shape volume volume surface
¢* 1 1 Gla/ag)
We /{ soa} 8z 407 40z {g(a/a0)}? 0
po(go)? } 1 _Gla/ag)
Wm/{ a 127 60z 60 {g (a/a0)}? 0
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Table 4 Electron mass and electron radius from the standpoint of classical theory.
Model
Quantity

Spherical surface charge (uniform
density), charged conducting sphere

Spherical volume charge
(uniform density)

Electrostatic energy, 1 e® _ po e 5 3 e _Bm e ,_ 2
We 8meo a 8r a ct=monc? 0me0 a 20z a cr=moe
Literature 5, 9, 10, 10,
13 17
Electromagnetic energy, po e® , 1  e® o1 o om0 e o 1 e o 1 9
W 127 a2 ¢ 12ze0 a (vfe)®= o TN 107 @ 77 10ze0 @ (w/eyt= g ONT
Literature 4, 9, 12 9
1 e po e _ 3 e 3m ed
Rest mass, moz 8rcoc? a8t a 20me0c2 @  20m  a
Literature 10, 11, 12 12,
16
Electromagnetic mass, po e 1 e po e 1 e
mon 6r  a 6reoc?  a 52 a  bmeac?  a
Literature 4, 7, 8, 9, 10, 12
Classical radius of =2 co® = ec?
electron, ao =LA eomoct VT T Breamoc?
Literature 3,5 6 7,8 9, 10 13
14, 15, 16, 17
HWHEO=F L F R L THRD. 14 & LT »=3x108 (m/s) LichioT =102
FBR =2 FR LT, LU A=10% L3hud, #'=10"4<1, =0 IR LTH
- 1 7 - 1 o WmOMED BRE L s nm — vy (Lorentz) ZHO
R = -—-’ e — = N
BT e R 8mey R FHE VI =1—-5x105=1 Lic 0, & & A ETIE
W%QEVCOL‘VC @M‘%&itﬁ\/\.
e = Wero—Wery _ (1/Re—1/R) 1. BFOEELLUEBROKRDFH LOBK
Wer 1/a
WEE TOMPTERLEL UT, HREML BN —eo
=R () (Fese) )  OBTCEERILL, R1, 20b WAIER
e c

KERR =3 v FreonTh AR ERC L5 =31
FEO|EL LT

! = Wmcre —Wmr> _ a(R—Re)
" WE RR.
a v
~ <E> . <?cos @) (14b)
RY LCHi4«HiD ha % &g, LE2F D06
,_ B B8
u_.hcos@<h (14)

B=v/c WIG&ELL.

loihag (e

HC L ABEFo=x ¥, BTEE R I OBTIEC
DOWTOERMNATREL 5. Fh b O EREY N0
=D DD L BT LT b ONE 4 HEH S
hTnb.

7.1 BEBFICETIRAE

BRCOWTEECHESHCDNERE o LILE
T eo/mo ThBH. Thbid SI Birtkb LT

20=1.60%x10"1 (C)
O EBERREA R BT & # 2 A O ERRTFN
DOBHE= ¥ (~14.5eV) ©HEYSTSH. i k=100

FHLUTIE, MAED ©=0.99 &ich, ha OREANCEE
L= R AFPETET B EHRT I,




HEZERRORES L0 =3 ¥ S5 - KT - 35 - =)

eo/mo=1.76x 1011 (C/kg)
EHEER mo BEECIIM SR, EFEAD
mo=9.1x10-3t (kg)
Lichi o TEFEM (—eo), BIEEHE mo ZER
EoORBENCERETHS.
7.2 BFOIXRLF
Iambh T3 X5, WEOERE m =d1F
W=mc? LEfiTHDZ &1 HAHRNDORETHS.
CIRmMIPEE v OBEDOBETH- T, v=0 OFE
O IEEE mo X L, BEEHEEmIIKRATRLINS.
Bt LITHERLT
m=mo{l—p2-V2ixmo{l+(1/2) p?%,
mcl=moc?+ (1/2) mov? (15)
BB IEIRT VY v b - mRAFR, Ff 270
EB = 2 FICHET 5. Thwk, E1, 227K
L
moc?= (1/8meg) - (eo?/a) or (3/20meo) - (ev?/a)
(16)*3
(1/2) movi= (@o/127) - (e0®v?/a) or
(#0/107) - (eo®?/a)  (17)
Eieh, WHETHISHIEREBORT v vk - =R
AMERHE=3F Weikd o TRE, EH=Fr¥1T
Blg=1¥ W CHRIEE LD,
7.3 BYDEE
WBFICHT S We 2 bOFMERE moe, Wu 2
LOSMER mo ZRDTHED.

moEct=eo?/8reoa or 3eo?/20meoa  (167)
b
eo? o < e02>
= =——|—] or
OB 8meoca 8r a
3e?  3po < ep?
20mepc2a 20m\ a > (s)
ERoYet
po  eov? to  eo?v?
il 2 T, L '
P momv? = - p r 10 a7
Licdio T
< eo? > eo?
= —)=———— or
o 6 a 6reocla
Ho eo? eo?
= 1
57 ( a ) Sreocla (19)

*2 Bk k¥ (intrinsic energy) &3 Xidhs.

* c2(eope) =1 & WA RBHBGRE DB 1D, FA—D mo T
3 LCER6) (I7) W Ls v (RE2R) . Ei, TR
16) X hFR (Y ES ETD “or” 1% “REBH © B &
or IREBHOBE" DEKRTHS.
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DX SRENINTEFOEER mos, mom %I
OB IFEE mo LKL TARB &
moE=mo, moM= (4/3) mo (20)
EHAREBONA IO, B=F L Wu Lk hiElnh
o mow FEFOBHWEELTLHREL, HE=x1F
WE LD mee ¥RIUCBETOBHRESRS L L SHED
B5.
v/c<l OFETIERAS) DFTDE 2HEEHME LET
D=FRVFE LR TEENTRTEIHDORET v v
Lo =R AFCREIND O DEBRED me &
7 77 -~ 4 (Abraham) XEMER & B0,
7.4 BTYOFE
BTHHRREMEFEELTERDOT, FOREITY
BTREINBDITNH ETH. Liedi» T, 2hE
THRD e 2 BTOFR(ESCHFRIETFEL D)
LRITTONRERTHSD. WK 13) 11 ey
LoTkD, BHEBENBLIOT7 77 ~ 2 BRHEHE, D
a=e?/8meomoct (21)
7.1 HiD mo OfE (EHEL LOEBH) #FALCE
HYBEFPLRE LCRDEEZE TS, S, CGS, 2
FRO BT E - C
o P gan10-5 (m)

8reomoc? 8t mo
w=a=

e2

=1.42x1078  (cm)

2moc?
(21)
FOMOBEDLT D 2L LT

2 9
e 8 5 gov10-1 (m)
, 4dreomoc? A mo
a' =2aq= )
4
0 =2.82%10-8 (cm)
moct
(22)

FHIEFERLE LTS, BT¥ERE oo 20D
HRa bTBHh, 2a LT HENTOWTUL, WTh LT
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