oooon ogoogo
o
[20060511 O O]

Yuji Chinone

1-1

O000ooO0o0oooouUO0ooooo0gOoooon

v
9=
ooboooooobogod
1-100
0000 Poynting vector O
Cc C C
Srad:E[EradXBrad]ZE[EX(nXB)]za[Ezn], [~ n-E=0]

gobooboobboobooboboo

U= 5 [Eas+ B2 = 1 [

O00000000000000 Poynting vector O

S=cUn

goboobodbboobodoboooobooboobboobboobDboobo gl
11 1 u

= —Z[ExBl=5|9=—

g 47rc| | CZISI c

oooo

2

(1)

(2)

3

(4)

coboobooobobooguoOmbOoooooooobooboobobdb z00000 zOO0OODO

oobobooooboooooboOoooboboooobooOoOooOoOooooboOoxbooooooooooooonn

Eocos(wt—kz for z< “t
Ex(t,2) =

for z> Ft

()



000000ooooO0000ooooo0o00oooooOOo0t=0000 z=000O0OO0OOODOOOOODO
0000000000 wk=cOO0OODO0OO cOOOO
coobooooboooobyboOoooooooboOooooooooo

Bocos(wt—kz for z< “t
By(t,2) = 5 (6)
0 for z> —t
k
gooooooooooo
Eo = By

oooo
2-1

0000000000 MaxwellOOOOOOOOOOOOO

2-100

0x) (Ex 0x) (Epcos(wt —k2
0, 0

Ox Ex Ox Eg cos(wt — k2) 0 0
VXE-= [6y] X [Ey] = [6y] X [ 0 ] = [ 02 (Eo cos(wt — k2)) ] = [Eoksin(wt - kz)]
07 0 -9y (Eq cos(wt — k2) 0

0
B 0
10B 10|°* .
——=——=—|By|= Msin(wt—kz) =|Egksin(wt—k2|; - w=ck Eqg=Bg
c at cot c
B, 0 0
Ox By —0; (Bg cos(wt — k2) —Bok sin(wt — k2)
VxB=|dy|x]|By|= 0 = 0
07 B, 0 0
Eo . .
1oE 1 (B [-Ssin(wt-ka| (~Boksin(wt-k2)
= X = 0 = 0 ; w=ck Eg=By
cot ¢ E 0
z 0
oooooooooo
2-2
oobooboooobuoob goboon
2-200
dooooooooo
_i}(ExB)
g_47rc
0o00o0oooooooooon
11 11 11
9= 4 (ExB) = = (E/B,~ E;By. E:By ~ ExB. ExBy - EyBy) = -~ (0.0.E,B))



11
(0.0 E3co$ (wt-ka) for z< Tt
L g=
0 for Z>Ft

(7
0Dooo

2-3

00000000 xyz0OOOOOOOOOOOOOO0OO0OOOM;0D00000000DBODODOOOO
OobobCbozooOoDOOOOooOoOOoOooOooooo zOoOOOOOOoDOO

2300
O00ooooooooo Mo

1 1
My = — (EXEX - éE2 + ByBy — EBZ, ExEy + BxBy, ExE, + BXBZ)

1
4
1 1., 1,

My = I EyEx + ByBy, EyEy — EE +ByBy - EB , EyE; + ByB,

M.

T

1 1 1
2 (EZEX+ B,Bx, E,E, + BB, EZEZ—§E2+BZBZ—§BZ)
O000000000000000000z<w/ktODO0Oz>w/kt0DOOODOOOOOODOO

M,y = 1 (Eg co(wt — k2) — %ES co(wt — k2) — %ES co(wt — k2,0, o) =0

An

My = —4—177 (o, —%ES co(wt — k2 + E3 cod(wt — k2) - %Eg cog(wt — kz),O) =0

_ 1 1 2 1 2 _ 1 2
Mz = - (o, 0.-3E; coS(wt — k2) — SE coS(wt — kz)) == (0.0, E3 cosi(wt - k2))

gobooobobooobbooobboou zobbooobboobLbboob zOOD OO cOoOob O
gboooooooobobobobooobooooooboobooboboboboooooon

3

00020000000000000000000000000O0OO00O0O0OOO0OO

d(imv) %
—gr =9E+a_xB (8)

O00000OO0OO0ODOO0O0O0O0OO0OOOO0OO0OOO0OOOOODOOOV/ex 1L, Ep=B 00000000 OOOOOO
O LorentzO000OODD0O00O0DO0OODODODOODDOODODODOODONODOOOODDOOOODOOOOOO

3-1

gobxdodboboooobooboobbooboo



3-100
O00r = (xY,2),E = (Ex, Ey, E;) = (E(t,2),0,0),B = (B,, By, B,) = (0,B(t,2,0) 0000000000000
000

2
mc;tz q{E(t 2+~ (wB: - szy)} - q{Eo cos@t — k2) — \%ZEO cos@ut — kz)} ©)
=q(1——)Eocos(ut—kz) (10)
mdY _ 0+—(vB —vB)l=0 (11)
dtz q VAD Xz -
*z_ o - gE, X k 12
M5 =4 +E(vay—vyBX) = qEo- cosft - k) (12)
0000v/c<10000002z0000000 Lorentz000000000x0000000

d®x _ qE

it cost — k2) (13)

gboboobodb xbooboobooooobod

3-2
coobooooboocoobooooooooooboooboOooo
3200

O0000000000000 Eq.(13)0000v/cx100000x000000D00000O00O0O0OO

gooooooon
z=Const=0

O00000000000000000y,z000000000x000 Eq.(13)000tO000OO

vx(t)_fdt—cowt_@smwt+A A:0000O
0000000000 t=0000000000000 A=0000
Eo
Vi(t) = qmsmwt (14)
goog
3-3

goboobboobooboboobuoobbooboooboo

3-300
xOOoooooooooooooOoxoboooooooooooooooooobooooooooooooo
O000000T=2r/w00000

21t/ w
i 2 QB[ o
<p>= f dt py zﬂf sinwt = — Zﬂw[coaut]

0

= 27r [cosZr cos0]=0

ooooooooo



3-4

cooooooobooooooocooooboono

3-400
ooooooo KO

gooboooo s s
= q°Eg
K= Wsﬂ]zu)t: W[l—cos(&)t)]
goog
3-5

goboobbobobooboooboobooboboo

3-500
gooad
1 (7 w (e oPE]
<K>_?jo‘ dtK_Zfo dt4mu2[1—cos(2ut)]
qZEg 1 2r/w quS on 1 - .
- t— — A0 = A — 4r) — 0
8rmw 2w sin(2) o 8w | w 2w (sin(4r) - sin(0)
i
Am?
agooo
4

(15)

(16)

30000000000000000x0000000000000000000000O000OO0OOOO

0000000000 00000 LerentzOOOOOOOOO

4-1

LorentzO 0O zOOOOOOODODOOOOOOOLorentzOO zOOOODODOOOODOOOOOO

4-100
F=qvxB/cOOOv/cOODODOODOOOODO
Vsz 1 Vyx
1% (B« c _EO(?)
quavyxByzq 0 =qB, 0 =gBy
vz \B; VxBy Vx
c Cc



Oob0b0zO0OOOOOOOOOO

2E2
Flt2) = 2 _ {qE"COS“’t}{@ sinwt} = I20 gingw) 17)
c c Mw 2mwc
000000000000000 -
d’z  q°Ef .
92 = P sin(2wt) (18)
oooo
4-2

4-100000 LorentzOOODOOOO zO0ODODOOOOOOOOOOOOOOOUOOOODDOOOOODOO
0000000000000 000O000O0O00o0OO000OO00DDOOO000ODO z=00OD0OOOOO
cooboodzoooOoOooOoOoooOo z0O0O0OOOOOOOOOOOOd

4-200
Eq.(18) 000 t0OOO0OOO

dz P°E; 9°E]
)=—=|[ dt sin 2wt = — coswt+B, B:O0000O
vo() dt f 2mlwe ! 4mPw?c *

000000000 w0)=000

g
"~ AmPw2c
gooooo o
dz  oE§
Vz(t) = a = m [1 — COS 2/.)t] (19)
oooo
4-3

42000000 z0000O00 32000000 x0000000000000O0O0O w/cOooooQg
z00OOOO0OOxOboooooooooooboboooooo

4-300
ooooooooog
9°ES
obobozOoOd m?wzc_qul_(Vx)_O(Vx)

000x00 96  nmwc
mMw

Oo000v/cOOOOOO zOOODOOO xO0OOOOOOOOOO0OOO0OOO

4-4

coooodzOoOoOOoOOoOooOoOOoOooOoooooooa



4-400
xgooooooooooo

T 21t/ w 2E2 2E2 21/ w
<pz>=1f dtpzzﬁf dt— 0 (1_ cos 2ut) = 0 f (1- cos 2t)dt
T Jo 21 Jo 0

4mw?c 8mmwc
22 2r/w 22
- 8?rrrllzczc [t - % sin Q‘Ut]o - 83“?202;”
_ j;igz (_1: (20)
0oooo
4-5

3-504-40000000000000U0000000O0OO0OOOOOOOOOOOOODOO cOOOOO
gooo

4-500
Eq.(16),(20) 0 O
9°ES
DDDDDDDDDDDD_<K>_ IAmw?
00000000 <p.> PEZ1
4mw? ¢

cobobooooooocooooOooobooooooOooOooOoOoOoOobOOoO0b0obOOoO0o0o cooooboOooobooOon

googd
E = pc (21)

goboobooboooobd

5

z=0000000 QOO MOOODOOOOOOODDOODOOOOODOOOODOOOODOODOOOOOOO
gooboboooooocOoobOocOoobobocOotbzOboOoOoOOOoOoOOOOOOCOOODOOOOOOOOODn

Ex(t,2 = Egcos(wt-k2
E={E/t.2 —Eg sin(wt — k2) (22)
E.(t, 2 0

gooboobooobooboboobooboboobboob vobbooboo wobhbooobboo o
goooooogo

dv v
ma_—yv+qE+quB (23)

ooooood

5-1

ooobOod0xyzOOOOOODO



5100
0000 Maxwell DODOOOO

14B Ox Ep cos(wt — k2) —kEg cos(wt — k2)
-—— =V xE=|0y|x|-Egsin(wt -k | =] kEgsin(wt - k2
c ot o, 0 0
B«(t,20 = Epsin(wt-k2
s B=4By(t,2 = Egcos(wt—ka [w=ck Bg= Eo]

Bu(t, 2) 0

gooooooooon
E-B= Eg [cos(wt — k2) sin(wt — k2) — cos(wt — k2) sin(wt —k2)] =0

wExXB w1l 2 . w
C B Com (0,0, E3[cos (wt - k2) + sir? (wt - k9)]) = <001

gbobooboobooobooboobbooboon

0000000 mdv/dtO0DO000000000000 LorentzOOOOOOOODOOOOOODOOOO
O0000v/cx1,B=E,00000000000000 LorentzOOUOOOOOOOOODOOOOOODO
O00000z=00OOOOOOOOOOOO

5-2-(Q)

cooboocoooooooobcooon

5-2-(a)00O
O0o0ooooooooooooooo

dv, [ 1 ] V,
d_tx = —YVy +q »EX s (vyBZ - vZBy)A = —pVy + q[EO coswt — EZEO co&ut]
= —yVy + qEo coswt (1 - %Z) (24)
dyy [ 1 ] . Voo
ma =—-yW+q|Ey + S (VzBx —wB)| = —yw + 0 [—Eo sinwt + EEO smwt]
= —yVy + qEg sinwt (—1 + %Z) (25)
dv, [ 1 | V. Vy .
d_tZ =~V +q »EZ + 2 (wBy - vyBX)_ = —V, + qEo [EX coswt - smwt] (26)

00000000 LorentzOOOOOOOOUODOOODOOOOO LorentzOOOOOOOOOOOOOOO
0000 v/ecx100000O0000O0 (24),25),26)000000000000000O00OOOO0

_ 9k
Y = qEocosut W) = ) cosut
Wy = —qEO sinwt = Vy(t) = —@ sinwt (27)
W, = 0 7
vAt) = 0

5-2-(b)

ooooOooooOoocoobooobooOooooOoocooobOoOoOooboOooono



5-2-(b) 0 DO
ooobooooboooobooobotobodobobozoooooooboooo

Z(t) = Const=0 (28)
Uo0b0OxyOuooooooboobooooa

gEo

x(t)=fvx(t)dt— sinwt + Cy
y(t) = f vy(t)dt = ?/EO coswt + C,
0000000 xyOOOOOODOOOODOOOO0OO0OO0OO0OO0OO0OO0O0D0OO00000 C=C,=000000
x(t)——sma)t (29)

qu

y(t) = coswt (30)

ror-(]

000000000 xyOOOOOOgk/(yw)OODODODOODODOODOOODOODOOODOO

coooocoooo

y qEg

N
®

01

5-2-(c)

coobooooooooboooooooOoooOoboOoOobOOoOoOoooooooboOooon

5-2-(c)0nO
coboboooobooboooobooooooooooboooobooOooooooooOoboOooboOoobooOoOoOooDnn

gobodoboooobooooooooobooooboooooooooooooooooooooboooon

0000000000000 0O0D000000000000O0DO0M0OUOd LorentzOODOODOOOOO



O0000000000000000 LorentzOOOOOOODOOOOOOODOOOODOOOOOOODOODO
D0000O00LorentzO0O FRODOO*0D0D0O0OO0O0DOWOW=FR-vOOOODODOODDOOOOO
gobobobooobooooooooooOoOooOoocOoOoooOooonon

qEo
gE, coswt Ty coswt RE2
W=F-v=|-gEsinwt|-| 9B, ~|=-——2 (31)
0 v @ Y
0oooo
5-2-(d)

gobooboboobbuoobboobboobdoxybooboobboobooboooboobooo

5-2-(d)o0o
0000000000000 00000000000O0D0U00O000O00O0000n LorentzOOOOO
oooo

1 T 21| w 21 ) w . "
<px>=?£ th|X=%jo‘ W"dt:%fo dtco&ut=%[3mwt]§’” =0

T 21w 21/ w
<py>= %fo dtFy = %fo vy ft = —% | dt sinwt = %[cosm]gﬂ/w =0

oooooooooocoooo

5-2-(e)

gobooboobbooboobboobuoobo=00o0boobbobboo

5-2-(e) 00O

000000000 000o0o0o0U0000oo0oo0000Do0000000000U000O0 LorentzO0O
0000000000000000000000000000000000000000000000000
goboobooboboobg o

gEo .
o sinwt qEOCqut 8
T=rxF = @COSwt x | -qEpsinwt | = (PE2
YW 0 -
0 yw
000*20
5-2-(f)

(00 (e)0D0OO0D0O0OO0ODOO

“10000 Lorentz 000 q[E+ (v/©)xBlOOODO
“ 000000000000 0000000000xy00000000000000000

10



5-2-(H 00

o°E

onN

W Y
il - e w (32)

yw
coboodoodooooooOooOobOoobobooboboUd=00000000O0CO0O0O00ODOOODOOODOOO
goboooboooo=00000000000000DO0O00O0O0O0O0OCOOO0OOO0OODOODOODOOO
0000000000000 000000000000 xyOOODODOODOODOODOOOO0ODOOO Lorentz

o)

oooood

5-3-(a)

LorentzOOD zO0OOOOOODOOOOOOOLorentzOOD zOOOOOODO

5-3-(a)0D
Eq.(24),(25),26) 000 00Vv/c<x 1000000 LorentzOOODOOO0ODODO xyOODOOOoQOO

x000 1—ﬁ=1—0(‘-')~1
C C
yOooo —1+ﬁ=—1+0(\-’)~—1
C C

O000000000000000000000000z00000000 O(v/c)OOOOOOOOOOOOO
0000 LorentzOOOOOOOO0OOOODOOOO0ODOOUDOD LorentzOO zOOOODOUOOOOOOOO
zO0OoOooooo

2E2
F, = 950 (v coswt — vy sinwt) = o5 _ 95 33)
c c v ye

oooo

5-3-(b)

(0000000000000 00O0000000O000OUD z0ODOOOOOO5-2(c)00O0O0O0
ooooo

5-3-(b) 0 O
00000000000000000000000000000 LorentzOOOOOOOOODOOOOO
gbooooooobobOdb zO0bOO p,O00ODO

2E2
b, = F,= 10 (34)
yC

ooboboooooooooboooboooooooboOoOoDOOoO0ooO=000000000O0C000DOAO

9°ES
W
—- Y -c (35)
Pz  O°Ej
yC

11



coboboooooooooooocOoOooboocOoOooboOoOoOoOoOoOoOoOoOboOObOOO zO00DOO0OODOOOO
000000 Eq(21)000000000
5-3-(c)

goboobbobuoobb zOOUO xyddoboobooooooboobboboobboobooo
gboooooooog

5-3-(c)0 O
OO00000000 LerentzOOOOODOOOOOOOOODOOO (26)00
2E2
wW,=F, = szq_zo (36)
y<C

0000v, 0 vwwO0OOv=qEk/y0OOOoOoOO0oa

9°ES

2c

NS
\<

coooOooboooobOvOoOOoOoOooooOOoOoOoOOoobzoO0O0OO00OxyOoOoooooooooOOO
oooooboooobo

0000000000000 w0OO0OO00000000000D hwOOOOOOOOOOOODOOO
ooo

5-4-(a)

5-2-(c) 0000000000000 DOO0O0OO00DOOOOOOOOOOO

5-4-() 0O
00000000000 000 hwOODODOODOODODODOODDOUODOODOODODOODOUOOODOOOOODOO
000000000000000000 WO hwlOODOOODOOODOOOODO

W o?E]

O0000ooo0o00opoo0oo0ooO0od =N=—=

hw . yhw [O/ooO00] 37)

goog

5-4-(b)
5-2-(),5-3-(b) 000000000 COO0O00 z00O0OOOD0OOOO0OO0OO0OOOOO0OO0OOOOOOOOO

ooobooooooon

5-4-(b) 0O
52-(H) 0000000000000 0D0D00OUDOO0O0DO0OLO0DO0O0DOO0DDO0DOODOOUDOOOD
oobooboooooooooobooono

—=w=——, .. |JT|=Nh



coobobooobooooooooooOooOoOobOOo0oOobOOoOoOoOoOoOoOoOOOoOOOOOODOOOObOoOOn
0000000000000000005-2«(e)0000000000O0O0OUDOO0OOODOOOOOOZO
coooogooo

(000000000 z00000000000000D0O0O000OOO000O00O0O0)=-h (38)

gooo
0000000 5-3-(b) 0000000000000 0O0O000O0ODO0O00D0O0O0O00O0O0O z00000

0000000000 doooooooooon z00000O000
W N7 h

¢ . p=N% (39)
Pz Pz c

cooooocooobobooOoocOooooOooOoOoobO0obOOoOobocOoboU0 zobOOoOOOOOOOOOOOO
Oobobooboo0ozODOOOooOOoOOoOooOOOoOooOoOOoOooOoOoDzOoOOOOODOOO

hiw
(zDDDDDDDDDDDDDDDDDDEIDDIZIDEIDEID):T (40)

0000000 Eq2) 000000000

6

CO0rogoboOo0oO0obOOO0Oto0oOo0oOoOoOo0oOoboOoO0OobOO0OOoDbOO0OOoObOcOoOoOobOoOoboOOOoOoDn
ooooooooboooooo

. 1q () x{ne) - BE) x AR
E(r,w) — ZE ) R(t')K3(t’) é tdt (41)

1

O00000000 http://www.astr.tohoku.ac.jp/~chinone/Radiation_from_moving_charges/
indexhtml 0O0O00O0OOQC T;<t<T,000000000000C0CCOOO00O0O0OO0OOOODOOOOCO
OO00O0Oo0oOoOoooOoobboooooodg

6-1

R(t') = n(t') - r —n(t) - ro(t’), dt = «(t')dt

gbobooboobod

6-100
R(t') = R(t") - n(t’) = (r —ro(t')) - n(t") = n(t") - r —n(t’) - ro(t’)

RA(t) = R(t) - R(t) — R(t') = n(t')-R(t), .. dt=«(t)dt

6-2

0000000000000 00000RY)0D00000OUUO0OODUDO0OUOO0OOUOR(EY) =R=ConstO
00000o0oO0oOn)0000000000000000O00O00O0D00O0OO0ODOtOODvYOOD
ooo

13



6200

e—iw(t'—n-ro(t’)/c)dt/

Er.w) = —3_donrre szR(w n(t) x {(n(t) - A)) x At

2ncR T1-R(T))/c R(t")«2(t")
=9 gdenrre Ten X {(n —Bt) XB(t/)} jw(t'—n-ro(t)/c) gy - =T — B i =
=1 d Lj e d dt; [T=Ti-Z.i=12 @
6-3
dooooooooo )
n x {(n - B(t)) xﬁ(t’)} _d (nx(nxp(t)) 43)
() ) W{ «(t) }

6-300

nx {(n - B(t)) x B)} = -BE) + (n- BX) BX) + (n- BE)) (n - BX'))
nx (nxB(t') = -BE’) + (n-Bt)n

d {n % (N ﬂ(t’))} nx (nxBU)«(t) - k(t) (nx (0 x BE)))

dt K(t) K2(t")
_nx(nxA))(1-n- X)) +n-BE) (nx (nx B)))
k(1)
B +(n-BE))n+ (- BN AE) - (n- B)) BY)
)
=B+ (0 BB +(n-BE)) (- Bt))  nx{(n-BE)) xAE)]
K3(t) K2(U)

6-4

cobobOooooOooooboooooooboooOoooOooOooon

- A onre|[NX (VX BO) (oonroeyo |2 199 jonre [ N
E — ela)n r/c ew)(t n-ro(t’)/c) _ elwn r/cf t elw(’[ n-r(t’)/c) dt
(r,w) 21cR «(1) - 27CR T {n x (N x B(t)) }

(44)

14



6400

- _ q jwn-r/c fTé i nx (n Xﬂ(t’)) o' —n-ro(t’)/c) 4
SRRt === L BV T R R a
— q jwn-r/c nx (n Xﬂ(t/)) eia)(t’—n-ro(t’)/c) T _ q é’wn-r/c fTé nx (n Xﬂ(t/)) i {eiw(t’—n-ro(t’)/c)} dt
2rcR k(t") T 2rcR T k(") dt
— q eiwn.r/(; nx (n Xﬁ(t,)) eiw(t’—n-ro(t’)/(:) Té
2rcR k(t") T
T ’
_ q 'wn-r/cf zjnx (n Xﬂ(t )) 'w(t’—n-ro(t’)/c)i P /. ’ ’
_chRel 5 {—K(t') € g {lw(" = n-ro(t')/c)}dt

q

- 2ncR

jwn-r/c

nx (n Xﬁ(t/)) jw(t’—n-ro(t’)/c) T _ iqw jon-r/c fTé ’ jw(t’'-n-r(t’)/c)
@ d y _chRé » [nx(nxp))é bt

15



