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BERF (electro-magnetism) (XEER (electric charge) FLICEI< e, BB (magnet)
DWERE (magnetic pole) [EICE < DB SRS LTV o7z, HiIEIXESE (electric
field) . % 3BEIE (magnetic field) TH 3, FhBOETEHIE (electro-magnetic field)
YW, BB, INLREYEROMILTTH > T, LERTIZER (electric field) . BEFR
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& & (BT
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E - s
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ZODRZ PV A ERY MV B ORICEEEOERND L5, —2IdAE (inner
product) 7213 XA 5 —F, (scalar product) €W\, A-B = A,B, + A,B, + A.B,
CEANT—BERDIETHE, ZDODOXRT MO MEL 0 £ LT, |A||B|cosf THEt
HT%%, 52388 (outer product) F7213NZT ;ILFE (vector product) ¥ W,
Ax B =i(AyB, — A,B,) + j(A:By — AuB.) + k(AuB, — A B,) £ RZ MY 15
BThs, ZDDXRT MUCEET, |A||B|sind K& XZ2H>o, WMOE2HANEHAbH
20, Ao BIZAAYZE L X2, xYOHELHFAE KD, AETIINME, IMEE
WO EEZHNWS,

BGPRGIED D ICE LN -EMLERMMED T, 22T HERMEEN LD =D, 5
DIRE & 72 2 BHPLEIMDERFET % L &, 2RO ER & BIRHME D 15 EHCR5E.
D—DODEML D BFRIMED HTBELGRWGORI M Z2EHICRL2DTHS, ZNZERE
HEDRIE (principle of superposition) W5, 2% b, EHLAFZZ. INSHOMELE
REDEDOFHIZL > T, ELIBEREINTVDE Vo THBETIEIEDRS S,




N
H
11
%
£

1.3 #ES

BIHTEMICEDESN, BGEBERPMEO T, EREOEDEMEIMILT 2056, —D
DBEMBELZES. — DO/ NRE X DERMMEZWEI T LU, EEOFEBOER. H5
WXEBIROIES BMGEZHA T2 BT 5,
T3, b L72ER Q OEZEHIIXRD I —A>DER] (Coulomb law) TE X 54115, ¢
BERKEH (electric constant) LFHINZEHTH 5,
Q@ r
dmeg 3
ZORDPS, E DOFEHEBEHRIZOWT, ZREFNVEDI W TiEZRD B 2, RO ETHhW\Win
ErEoh s,

E =

(E 0FEMORHTY) fds-E:i/dvp
S AV

€0
(E OREOMNT) div E = gip
0
(E Oz DIEDTE) j{ds x E = (1.1)
S
(E DREZDMIIIE) rot E = (1.2)

BB, p ZEMEETD S, £l § Cid, BV ZIHCHIE S TOHBD Z/RL TV 5,

1.4 BpiiS

WS, b d eAaricE < 1p SERI NIz, WIS, BRNISHIGS 2 BifR (magnetic
charge) Q,, BFEL. ZNDBERD I —0O> D7ER (Coulomb law of magnetic charge)
WL heRIELD S5, i OWEIMELEGIEATORTRENS, po IFEKER
(magnetic constant) &PFHINZEKTH 5,

QT

= — 1.
A 3 (13)

H ZWHORI EMINZ2E&THD, HUX, BB VWAIE, INEEKRL 2., BER
B = uoH THzZ 5605 B oMb s,

ZOtk, BiNdbHHEzRE TS 2L, 612, B 1.1 IIRLA LS, BAIHIZITEND
BN —TDEEL. FNOLDKAREFREINTWD I e R EN Do TET, WHGOKRED

ZHEDONZINSOROEBERAZHEML L5 L3368 IR, BIZHZBEsTVW-oTIELWI 2, ZHD
HETICEDLE, MNZHERT272DIFHLTIEL WL,



1.4 i 5

BRL ENEZDOTH S, BIZIZHEEA (bar magnet) ICRFE SN2 ME WA, W IE
B (N &S DOBEISFET S, B 1.3I1RTX5E, TRicEROEXDOY L /AR
(solenoid) & MHIN 2 aA LM%, 22T, YL /A4 FORIEICIE, YL /A4 KO
FHT X S ICERDPIRNDZ D, ZOHRMELZD OBREEIEX K = Qn/1S TEZ 505,
Sy L/ A4 ROWHETH %, /2. BWMOAE. G2 (boedFEOAY) &, K
EoEmEsE (S), A IERA (N) 2 XORCEE, Z2OXIEEDZ X HICHEET 2/
mEkbd, TNEHERTOEFR (right screw relation) & FEE,

WA DEGE. BAOWNIMOMEEMNET 2DXEbDTHRETH 20, YL /A4 FIFHET
HBHDT, TNDBARETH %, ZORE., YL/ 4 FOMIBTIE N #ip 5 S MU T &
DI L, NEETIX. S 6 N WRICFHD22 > TWB Z DAL 7z, 2% b, BEXIRRIEIE
W2 HFAE L TAMTHEHKT 201 L, WOIBIIERZIMD O IS WCRET2DTH 5,
R (13)ICZDY L /4 FANDSGEZMA b D056, B OEELE FEEIZOWT, ZhEhid
DR WM ZRD D L, RDENWREBHFELNS,

(B DOz TIY) %deB:wm/dVJ (1.4)
(B OEEZOMITIE) r;B:pM' ' (1.5)
(B DREMOMAH) }{ iS- B =0

(B DFEBDMITIE) diBzO

BB, TITHSETEEOAEREV 2HUHMETH D, JIXEBREETDH 5,
22T, X (14) OEEEOBEATE S TH 25, ZLOFETIE. 7¥yR—1AOERIL LT, £l
DIHRAED . BADTHET D DD HEINTWVWS, Lard, EF - N—JLD;ERI (Biot-Savart
N—

N
= no K
K
N’
S

1.3 BAIEEFEMLY L 4 FICESBAZ 2N TE S,

N

B ZoRRIFEVPANTHELEZBDTHD., KERITA-TWVWS,



-

6 R

law) I X2 BERBADMELHG D 6FET 255020, LirL, BF - 38— OEAIA
&, HERICRoNb DT, ERRoMose hobnwI ehs, AETIEH YL /A FD
TE 2150 A5 L7,

1.5 EIRIRI5

He _OOEBERFEANX, BRI DOTHS, £33, WEHIELT I E, Z0FHHEH
h B AR Fick2E S (electro-motive force) 4ET 2L WVWH DT, XD T 75T —DEE]

(Faraday law) THZ 6415,
j{dr-E:—g/dS-B
c ot Js

CZTSIFEEDHMR CIcXkoTHENLMETH 2, ZDEANZ. BINIERDOFEET
BIGECHER I N2, 0T, B R WERICSBEIREL, A EXEHEZT L
DRI Nz, ZOEAEZER L, EHoRERZBEZN. R (1.1) BXUORK (1.2) 1ci3ms5
DB AAEND

(E OEEiDOFEDTE) fﬁSxE:—Q/JVB
s ot Jy

. . 0B
(E DE#EZDM D) rot_E:——ég
REDOZFEHIE LT, EBRIZOWVWTIWEERDBNICORIZ &S BRESEOZER (current

continuity law) DL T %,

) 74 s - J = _% / dvp
S v

(J ORBOMAH)  divd + % 0
CHRFELREVWE DT 272012, BIGOREEZEIEST 20ENH D, X (14) BIUK

(1.5) XKD LS i1ck %,

(B ©EEORT) ?{dS « B — ,m/ v (J + 50%_‘:3)
S \%
— Al N\ aE
(B DEERDMITTE) rot B = poJ + Hog0 (1.6)

R (1.6) OGHICHN 2 EHOREMD o0 E /0t 1%, BAIER (displacement current) & W
., Y77zl (Maxwell) 2HERAINICEALZZSDTH 5,

E. B O} iz 52 2WMATom->0RE,. Y7 X7 2 ILAER (Maxwell equations)
IR, BRERFEORBREAENXTH B,



1.6 Ry 7

16 RF>oIvil

PIET, BEAEORAGEROMEICOWTRNEDS, BT HENRET 21200, R
B -WEED b, RT>o vl (potential) (RAF—RFT>P v )L (scalar potential) &
R RMILRT 2+ )L (vector potential) ) DIEFIBAREWTH S Z AL T2, 25
Wo BRTIE, TRTERT VYA ZEBCLTEZLVWEIATHEH, KTy L
DR DFEERIIRGED EZEAIL I N2 e v H D, [EROEFEDO LS 12. £TEYS - BHITOVWT
LB L, Z20%, K7y L DBEZMNTTHL, BDTRT VS Y A0 6DEAZITS
Zredd,

AT —RT T ¥LE o RZIART Uy LE A EL L, BOFEL OBRIEXD
Eo15Ex60%,

0 1
(VQ +M0€0—2) ¢=——p

ot €0
2 9?
Vv +M050@ A= —poJ

T/, ZasoBFRMAMcAO—L Y XS = (Lorenz gauge) *4 & FEEN 2 KD, AL T %
WD B,

dp

%:0

div A + poeo

*+ g—1 >y (Lorentz) £ u—1 > A (Lorenz) 3&K 2 ANTH 5,



%08
2AS—HBLRY R

ERGD X S5 1C, BRSWEIC»» 23D, BHMEOBENICONESL»ICELT S
KO RGE, Y DiF (field) BEET 2LV, KETIE. 20D &5 RGO RE
DINIZOVTHESR, BUDEIIK, BHRTRAITI—RICEDERINLI LY, AAT—5
(scalar field) W5, F7, BHEPHIGED L S, FETRZ MUZEIDERI N L2552, N
2 kLG (vector field) W5,

2.1 EREY

AT =G ABL. X7 MV OWTIERE, Bline Wo BHERMEND 5, Zh b
DOHER DB ATV NS BRI 5 WA P EEREEZHT 5,

EfE7 (surface integral) I1IRD X5 2R TH 5, HlZIX, HROHAHEFE Y2 D2
BRGHD T ANF =D f THAON2bDE T 5, fld, HIBREAFLE U7 PR
DO, ¢ DEET2DO0IWEAS, Z0r EHIBREIKR TR 2 KD T 4L F—DiA
MERDAVWbh7zs, B 2.1 0 k512, HERORERAEEZ +9/ NS RHE AS; THHEIL.
BEREZ L DT RLE— AS, f 2Rk, Z2heaid kv,

§3A&f
ZT AS; BHAAE Lt 2 ORRERRATRT,

/de

CHHHBETTH 5, oib HEZD [WBARI Oz THD., dSIEAS, DI TH
LML THOWEWL, BE, ot WwWo e KREL ZODEBOME LRSS, —D2lF, 22

VP DOREFRTHEEMPBRODH 2L ZATIFALZ LEYRER LD T2 05 5,
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L)
L)
L

2.1 HEREHRDOZT 2 KT F —1F, FMNEHBEDRZT 5 T3 L F—DFHITR O,

WRLe kD% R WS HRETH 5, BEOEITH 2 —TUHES (Riemann
integral) &. UNXH Az 2 fICHITTEFLE Y, Az, f, DMREEREINTVWS,

b9 —ODHMOMHIEIHEAEL VWIEX ST TH S, 2FD, 2" 26 2"/ (n+1) 21F
Dg X511, B SROBRBEZED HTHEHETH 2 L WO BRI TH L, Zhid. H
FICERABENTL 2 TELRIBRTH 20, HESZ ZOMETOXISWCHRL LS5 T 2
& BRI 5, MBS ZHRT2I12EH ETD HBAOMIR) 2MRLTIELwv, L
Tehio T, BT EFHEMT 2R, KABNZ K51 [ fdS D XS S L dS THEE
HEIIC T 2 620372 <. TEEFIERETIE RV,

HIERIC Y 7 2HORTINF —EFHA L TA LS, KBOFEMEZROE AL T2
e, 0L, M (BHIEZ 0° 2 55) BRI HoTw Zeh b, f=Ijcosh
THz26N5, T, BEHW do. BEHIA d0 THENZTRI, 1EE dS = a®sinfdf do
THEZONZD6, RIXLF—1F, TOALDEEAF LT, [ Iycosba’sinfdf dp TFHE
TZE%, L. F0< < n/20FIPHIT LAV 2, BRTHIMLENRDH L, Z
OREMIEHICEITTE. = 270l [cosOsinfdf = ma*Iy Sin92’0% =ma’ly 2%, OF
D, Ip \CHIBROMHEEZ #7458 8 72 2,

b5 —OHlDBEET LS, ZRUIFENDFETH 2, WIATFOVRITIZESDD7 o TW
b5, ZDENBIFENERDZDTH B, PIZIF, RSWCEIOTEDESN p 22T TV HYME
EEZELD, ZOGEIICH. WERORM S ZHUNE AS; 1I7HIT 5, FHBEDRZIT 51
—AS;p &b, TITAS;IZ. REZXAS;, T. FHADBYIEDADL & % M Z A HERICE
EHRERTZ "V TH DB, FHEINSEDRZ MADEH 25,

—ZASM?

C ORSHNIMIR & UTRD X 5 RiifEDT & LTRSS,

*2 Plts. KERE M CHEEALEEE. RARERE oML, FARILTH 5o THMORVI T ATH 3,
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—dep
S

$ITRBND XS SICOZMNIT 2Did, B X TOMERITN T 2 KM% ZEik
T %,

Do X oz, WETOBERE THRAOMIE) ¥ LTEZS HRLLTVD, HETE L
TEZDY., HRCHRETERY, BRKFHICH T 3 X EIEREESHIHEMTERLRS
BRDODERS, ZZIZH2DT, HETH HEHMOMEE) TH2 W5 G THEL TFZL
Vo BB §OF T4 v 7 RIE HEEEEHECHME 2T,

BRAZ, p B—EDGEIIE, p FHBEDTOIMBWHE 2, BRAHBENIEIKREX 0D
N7 MLVER B,

fﬁszo (2.1)
S
DED, —EESIHFDOEINI0 g5,

22 EEOXRZ ML a EATRHFRTE D ZODM/NERDHIES %,

X (2.1) OFFFFIZEETH 2, ZORRDBDHEINRNT Ml a il o72 e RELTAK
5. M a BHENEOETHIT 2, £3. GiFd® k3, —J7. ED a-dS 13,
adScosf 723, ZZTOHEF_DODODRTZ MLOBRTAHETHS, 2FhH. K 2.2 OMUMAFE
DMIHED a 512785, 7272 L. 0B 72T THBLIE. UETHBHERE, £TA
T, H2MPHEBICEH L, 20 % a ITHTRERETIR T, —fic, B 2.2 A1 5 &
ST, JERMIEHE & TR b b, DF D, KoY LZRA L EH D, ZooxET 5
WUNERERTFET 2 2 8RR Z2DTH 25, TO_ODOM/NERICBIT S a-dS 1%, Wik
D af5iZz b0, ZATIEA, FATIEEEZD, Bx58FBHLE-oTO RS, L
BoT, K (2.1) okiE, RUDEMGELZD, 02kD, o> =0 PFEINZ, 20D
R, a 3BT P s,

R, I BICENOET 2HWEFTOWERICI»2TFNEFHELTALD,
p=1po+pgz & 2z HIANZZELLTWR e LLD, ZOHEDOFNEIRNTEZ N5,




2.1 MHHED

11

—pojgdS—pgjédSz
S s

ZD55, HIHIEFR (2.1 WORLEELDIC0 25, B IHIIHEED R DR DRE

2% ZEREND,

fﬁsz:kv (2.
S

2)

77U, kid 2z HIAOHBARZ SV TH 5, fik. [TEHEYEROHRT 2 kO ERICH

L7231 WO TILFAFADER] (Archimedes law) 23E 05,

2.3 2z HANCRIZLT 2 2 7 —HOEMETE, vy FHISHATRAZ A ZATIT 5,

CHEIHT 2121, £3., FEZRE 2.3 DX 51, oy @EFTRE TR DT
%o FNFEEIIT B 2 MR K LR & 72 2 7273, lim OFESIXEM Lz, DR
D ThH. FHTHBEZ VIR D lim OFELHIIEKT %,

dS z = s z; = i [ dS

FEYI D —Z e DN DR [dS ZKRD2DTH 205, Fiwll h RAEOMHED 2175
CERAINCIRARSZE D120 2223133 TH 3,

/dS+k&H—k&:0
Si

ZZTC, A3 FHOIRYID OIEHDOHETDH 5,

CoBFREMFEN, MEOEBESZHBEAICEEMI N TES, SOHIEKTI L
FAEEADSE TS B,
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ﬁ sz = Z Zi A Az—l—l <Z Zi+1 Az—i—l Z Zi ’L—|—1>

Z Zi+l — Zz H—l =kV
=1

WS ETHRL 2%y DEAICOVTHRABOERIEONS, Rk (21) X (22) &Y
i, SHb LELIBRH S A KEARRTH 5,

22 RANF—ZDHE

HEZTOINHE LT, 2475 ¢ DHER (gradient) 1ZOW TR X S5, HECLIZ. 2D
=GR EZTVWAHEBTHEELE LT, E55DHMICHEL BRo TV 2ERTHDTH 5,
IR DESIGS XD 7 —850—FITH o705, FEHERERT PLVTHES LERIE. s
B3 2 B EWCDAIFEII WD 1hBINTz, 22T, RAD XS CHEDTZ AN F -5 ¢ DE
AT TEITLTAL D,

fds¢
S

T2HE, pDORKENEZAD IS PEFAIND, DFDRETFERIE o D/NXWVWID 5 KEN
ADNAIKRY b eTid, ZDMRIERAAN 7 —HOARDEEZRT I eIlkhd, Zhzeh
fic#a49 (gradient integral) X FHZE S,

COEZEREFHATZE, KX D, EEDOED T H /NI KB AV O RN 5
ML ERT LI TES, ARETH AV ICHHITZZeh 6. QT % AV TRLT
Wb, ZOARTERINSEIT ¢ D grad (gradient) . d L IFHIZHBCE WS,

1
grad ¢ = lim A—Vj[dqu (2.3)

A1 7 =5 ¢ BB P T 258, ZORBRAOMANCIDEIRETLZenTE
5, The Vo ltdbEL,
op .09 . 09

grad ¢ = ng)—za——k 6_+k£ (2.4)

V (#73, nabla) 1. N7 MLERREINZRT MAMDTERFTH 5,

.0 .0 0



22 RAA 750N 13

IE QITEDPBIERINTRY by LTHNY, 22 TCHEonBERZ 2, A LEFRILIC
75ZehH, LIRUIREMCHVWONZRRETDH S, UYRDOZ L6, ML ML
TIERVDT, ¢V EHEL ZEIXTERL,

2H 5 —15 ¢ BHEHHERPIEL L. 2oBV NS WEE IR, - OBSE KD
SEROFIPIN THRIFICEHET 2 2 e A TE 3, TFEBOMET ¢ 254 5 —EET 3,
8¢ B¢

¢:¢0+%($‘—.’L’0)+a—y(y—y0)+g—f(z—Zo)—i—Oz

ZZT. 09/0x REBEFMOHRETH D, BEZX THLHEPATIEEEL LTI,
FRXE2—=RXOAVOHATHREDT L TAHALI, —EEOEDTI0OTHD., 2. y. 21
B 2883z ez iV, gV, kV IZ72 5D T, XABMGEoN 5,

_ v (90, .99 00 2
ﬁmw_v<%x+%w+k&)+o

D% D, WS OFRFRIZFAE ORI X 5. HEEEOEEIZ AT 5,
fle LT, AKPRDEND & 512, 2 TENIRA ST R AN 7 —HEEZTAL D,

¢:¢O+¢zz

K (24) ZHWT, 20 grad KD 2 LHEDIIC 2z HAZFAWTE D, 2D 7 —HOMHED D
AEOEEERLTVWR IR TE XS,

grad ¢ = ko

T, BEAFTEISCBNGARNLZANF B LTo=1/r»dHdh, Iz bRk
ALTAB e, XA ESHN S,

-1
grad(l):ia(r )+j-..+k...
r

Ox
:i<—r‘2§>+j(---) Y E(-) :_r%

ZOHEADORY i, 7—0O>®DER (Coulomb law) 7 XICHN 2 R ZHDE U7
IKCHERED ISR EEHI T 2 K E X2 RONT MUVBICR 5, —IC, 2D &5 REgHRT=
FICREHIT BRI P32 —OV% (Coulomb field) & FEEH, EHAFETIED oD
BHEICHIIT 2R MVETH B,

RICKELAMAE L COEED ZFH L TA LS, MENLEBLZR 24 DX 5 CEDH
w2815 e, BHMUNMERTIER (2.3) BEOILTWS, ZORDELE ANEZ, W% dV 5
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24 PARECHIEAZEEREZEDOHIIYIZ,

LTREITER T 2 . GiiX grad ¢ DERRERETICKR 5, —)7. FADOHEEDIEFHE T
HWTBHL AW, RRADOHEDTZIPEERD 6, ROBEDEHIELNS,

£ﬁ5¢:Kﬂng¢

CORERANZT—BOHVZADEE (Gauss theorem of scalar field) &I S,

ZoRXz TG0, REDBRICHN 2 D 2 REET IR OMT 2 A d. —RICHIVZADE
¥ (Gauss theorem) I, FIU &2 RFIEEZ, X7 bUIGOREFE DL EHRAE I L
THEMT % 2T ERPREmOMILERDD ZENTE 2,

7B, grad IOWTIE, b5 —DOKRERMWMEDFET %, grad ¢ DWITTEDEZRDMIIIZ,
WUNENL dr = tdx + jdy + kdz Z 2 H 7 —NZHENT 5, 226035158 ¢ DEWMDD
TEFRITTL D,

dr~grad¢:g—idx+g—jdy+%dz:dqb

Lo TINZEIT5ZLIiCED, HOBOKRLIGRD ¢ DEMILN 5,

Q
/P dr - grad ¢ = $(Q) — ¢(P)

CDEIIHEDTDH, HET EFERIC, ETER dr EXZ PLEONEZ L 5T, ZH
FRLEDLDEZ LT, BT VWIMENERINZIDTH S, ZOM, X7 FILEYL DA
FEERLEDLESZ L, R 7 -8RI TRELEDOE 2T BIFET %,

2.3 R7U BMILIZDFES

N7 MG L TRED B ROTRED X5 R DbDEEZ XS, H2H%ZEE L CHAREY
720, ERFTTRAH LTV . X2 MLOEEERS L EEEEHTIUIEHETE S, 2
DI, RZ MBI LT, HBrMhD XS5/ R L, Z2Hd3d 258H» 5 DL 50k
AHTW 2 22 RTBEREHE (divergence) LIER, N7 MU LT, e FAUEE
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FL7EDDORFEMBETE VWS, BEXATWAHET, X7 MUEGLAHTZD A7) T3 &I
Z. HeRE oMo/ MNaEIC L. SMDEETEHE L EREY, G5t ul & v,
DFD, X7 MVOHBERDTEEZ. ZREHEETHED TIUI LWV,

j{dS-A
s

Iz RETES (divergence integral) LML, X7 PG ORMOBEEZRTHD LT 5,
FlzX. Z7—a i r/r3id, FEaEFOIc, AR =R X 5ICES L TW A DT, FER
BMMIIEE 2D, IEDOFEMIH 2 T LTk %,

grad ¢ LFIBRIC, —ROEFEDRFIIEMDOEEZRD L SIIKDZ N TE S, TOK
TERINDEIZ A D div (divergence) . b L IXHICHEE DI 3,

: - 1
leA = AI‘I/H:)OA_V SdSA

N7 FVIGHHBIRSL P ICEL T 256, ZORIEIROMANCEIVFIET LB TE %,
:ﬂ%VA k%%(o

. 0A, 04, 0A,
divA=V A= o + 3y + 5
R7Z MEEF YV ¢ ADERNGAEZ 22212k, GHOROELESNEZDT., 2

NeEV-Arid#T20, BLETHHATTHZ2DT, A-V eELZIETERNY,

N7 P IGHILEBIRRERICZEL L, OBV NS WEEITE, OFREBRED & —X
DI THHET 2 N TE D, TTHEBOMET A =44, +jA, + kA, 274 7 —&H
EIAE

. 0A, 0A, 0A,
A= [Any+ 5 - a0) + G = w0) + 5 )
+4[-] +k[--] +0?

dS - A Z—XOELOHHTHT L TA LI, —EHEDHETIZ0OTHD, 2Ry 2
WIS 28870, V. gV KV 2B 5. RDKHIT/85,

(04, 04, 0A, )
id&A_V<am+ay+éh)+O

72720, i s EOELZZBOFETONFEIZOICLZ, 22 TH, BT ORI
W& 563, FHOEBOEREICIHHT %,

A7 =G e I, KEREAMA L TORBEDZHE TN TE 5, HEh-HER
PEOHICYIS 2. FMPMEETIEZ EXDBOILTWE, Tz dV & L TREETERT 2
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. i div A ORREREDICR S, —/i. AUOFEBRET ISR TEWITBHELEW,
RRMOMEED 2 IHEERDS D6, ROMED & BT 2G0T 2 X3 E 6N 5,

j{dS-A:/dVdivA
s \%

ZAUE, BEICEARNT MILBEDOH U ADOARTEEE (Gauss inner product theorem of vector
field) YIPERREDBDTHEH, = DODHVRADEHD LI TIE, ZOTEEND - L dHISN
THH, Mk, BICHIZADERE (Gauss theorem) WH ¥, ZhEfETdorL Lo,

fle LT, 2—m 28 r/r’ OFERED §,dS -r/rP ZEZTHELS, ZORZ FBIE,
BRAD XD RS2 OIEDEACEINTED . ZORRE. 2 I oBEROARZERD ., R
M S DD "I HIT 2 RE B TWS, ZOMDTOERIIAEAZHHLTX
DEIRRBZZEDPHILENTWVWS,

idsﬁgz4w (2.5)
FE
dS

O
2.5 FRE EOHERZ RATAA,

AEFLE. EHE. R MYy IR KD RS, AEAZNET 5, EBETO
dS -r/r3 8 2IE dS cosa/r? [T b, 22 L. ald, ZDODORZ MLdS & r ORTHE
ThHd, 22TAS -r/rPE dS ZREAOAM» SR (DFD r DML S Ri) HiE
dScosa &, r? TRRL-D DK 2, 2%bh, B 2.5 1CAoN2 X5, dS &R ik
Ko TWd, MEALIE, ZoAHER, FAzZh0e LAE 1 ORI HED Z &
THb, L. AP FERZHATHYS & X2, 2 2 RIACIEA OFRHNE 47
72506, Hi (2.5) BRILT 5,

—75. FAliE2SRERZHATWRWE ZI2d, K86 S PO R A2 H 2355
K2R 255D " DDGENRET 5, WIND FIALAAIFE CMHEE 7255, KEANS
DWTRAS - r DAL RL70D, BEONEALLRS, TORDODEEEMA S 0 L7
5o ODEDNEZZMAMALZY, bo b EMLLETH, VMKADEAZEBLALEZIL L
W&, FAdhE2ER 2 HOIX EXDEAL L, FERZRTRE0 8725 2 eErND,
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2.6 JRRZ/NXRERETHT,

LL. COFRBEITOTFIED, RO XD ICHNEEHBETOEHEZHWS . F L B,
OIS, FTHD div ERDTAL I,

ey O(xr®)  Oyr™?)  O(zr3)
dlv(r_?’)_ ox + oy + 0z

=3r 3 —3(@* +y*+2)r " =0

7272, BRATIEBE OB co 2D T, 0 LIEMIETER VD THEENLETH S,

22T, BHOEEOMHMH L ToORBETTE X L5, FTHAMBEIFERZHERVIGEE
. ZONEOZERICAEEE T OEHZEHT 2, divA=0X D030 R5, 2h
ED. SHEKZHELRWVEEIIN L, XKD 7726128 rn5,

jédS-L:O (2.6)

7.3

RICEAHES A ZFHOEEEE A LS. £3 ZoMmoHIc, B 2.6 1ITR8T X512, |
MERDLE T2/NSREKAEZE X %, B OB TeZER 5 5ERD P22/ 2 R L 720 b3k
KoZEficx LT, NEEETOEEEZHEHL TALS, 22T diviz0 TH2DT, £l
DEREENE0 ¥ 25, —H., FUDOHEED T Z OXZER % Ei2Rm e 25 0T, il L
DFEIE S & BRI L OFERED 2 INZ7=2d DI D, Lh L. BRE ETIE dS &% 2R D44 E
Z, DEDFEROAMAMEZRMNTWS, CHEZEHEOFELONAEZD IS ITERLET . F
SORELT 5,

T T
ds - — — C— = 2.
fg S 3 é@j as 3 0 (2.7)

Z ORGSR, BAMNTH LT O FEBFE 7 IEKHE L TORBMEDT & —H T %,

B IHOKME LOBTIEZOD THIHICEHATZ 2, 2o DX, IR LETIXdS & r D
MIITERIC—HLTED, RO¥EE aTdL. dS -r/rP=dSa/a® =dS/a® £72 5%, L
oo T, SHFMEHEOEEIIH L. KD XSk 5,
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1
fwung w~%:f¢w7
S r BRI r s 4

1 1
=— dsS =— 4ra® = 47 (2.8)
a BRI a

T 2T $y 45 BIERORMM 4ma® 722 2 ZFAL TV 2, R Al & PAlhE 72 1
DFREREDD AT 1B T e H, FEBICEIN S,

DX, R MU /rd OFERES R NERED OEE CHABBEMICE RIS b,
JRRAHEZ DRI TH D, HEDEBMOFEIETFE oK BWI EBHETE LS, Liho
T, PFAMEDEAZHEOLEEROWHIZINEETH D, FEFED ORG R A EA M O T M AF
LBRWZ D5, 2O K5 B EomEES D, AR T OREMEIC X > TIRES N
&5k Zrid. BEKTEUORLRUENAEHRTDH 5,

7 —a o divERDTEZ 5, AMITRLZED I, A TIEdivid0TH s, M
REIFICEBIT S div TH S, K (2.8) 2onh 3 k51, FaZHOEMNT. AL
—ETHEDT, TNERHETE > THROND div IFERAKICHEBLTLE S,

/T . 1 r . A
v (55) = dim, ap 495 55 =l 2

ORI OVWTIX, H2—RHTOAHBRERD, ZORERI VW22 Z2ATO R
D, 2OoEMRTHRERT T2 1 2R T7TVEXEREMEINIBEKEEAT LI ICED,
RIS 2 Z e DT E B0, FEMMIXE TR 5,

ik, 7—m Y, FEERS DLO2 L AT, divd 0. 2% b FEEALANTIEHERD
W R R TH 2 Z e B0 5,

24 TILZE

HBHRTIEIERRKERZD, Z0MMOBHLWZHTO D, o, 2R CHERD T
21 eR2B8%. T4 Z7vIDTILEEE (Dirac § function) & 2 W IFHICTIL X B
(delta function) ¥ PR3,

=RTZEMTORERERR T 2RI, —XLZEMTOT 1 Zv DT ILZEA (Dirac §
function) &2 TA LI, —XKLZEMT, £3. B 2.7 18T L5112, FRDOFIE a DEEE
W72, 1/a DIERFS, ZDHMETRT 0 OFEKEEE f(2) 2EZTAD, ZOBEEE «
THZD L THEZRDTAL ., ZOEDHRIIHALN2IC1THDS, 22T L—-08LT
BB, FUETE f(0) = 0o L7325, BEURERL HBH0SMT f(r) =0 CThHB, =5 L7
MR TLULERINZVWDDE, BB Vo TI0rY I Wwo MEIEE S 2, LI
FREOME R R > TWb, 25 LB f(z) % 0(x) LRE#T %, BRI D R zo TREEME
EROTFNZEBEERT 51203, 6(xr — x0) ZEEZIZT X,
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T 1

4
8

—L/20 L/2

K27 L—-0¥2332, —RTEBMTOTNVXEEPELNS,

2 ZCIEAERIBIECE F W03, Bl 2 RERTREEL 20/ [T (22 +a?)] Ty a—> 0 2 Lcd Db,
FCHEEZR->TEBD, 6(z) DHDEFRL o> TW53, X5IHY A (BB 2
FHTE 2, ZOLSREBEETORESTHY ., BB L TEBRICR D, o #iAAICE
Mg 5 e, RRMELAMIRERIEZF 2RV E S R TEI A HUT LV, R EY 112
T 5I120E, EYIRIERIEZITS 2T TR,

SROCERNC BT B TR BEEIE, PR a DERONFT 1)V OfEERFB, TR0 2k
ZEABOMBICE D ERTZI N TES, T, VIZIROKHE 4103 /3 TH B, VWO F
T R, ZOBBOKRERETIZ 1 TH 2, £/oa—012&D, HEDSNIOO RS, ZOD

SRTERNICBIT B TR 6(r) b EL, ZOHEDS. BB a/[r(r? + o?)]? O
fRICk->TH, ERTDILDTES, £/ FRUANDOE ro WREMD D 2 7L 2 BT
8(r—rg) TERTZZZLd., —KLOHBELAKTH S, ZO=XLEMIIBITZT X
Bz, Dk, RIRTILZBEE (point delta function) &FHZE S,

X THIFREZOR (2.9) R L div(r/r) ZRTA LS, £33, ZORIFRTIIERK
LiR5MB, TN DDHLDEHTOTHS, HIZ, TOREBRBERET L LTAD L, 47
ERDBZEWTDD

L&dde(;):iLdS-&%):4w

L7z oT, RADESIWCHHTE 20 h b,

dw(;>=4w&m (2.10)

RENWRT L9112, rRART VAR, AEMZIR SR, LIFLIFAVwSR S,
BAIRTIL 2 B% (line delta function) HEFT 2 Z W TE S, ZiUuI. FHED XS 72H
BN U TER SN T, RIE—ETHEHELZIED S ZeicibBEohs, RULIK
[ L THEP 2L 1LICR2BBTH S, MHEORIZFEPDIER L. INZHITICEE
ARSI ICED, EEMBROFET 2 IRERODH 255 E2WMS e TEL LD
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225, RETHERNS X511, MEMPEBRREZWOBE, FERTHD, op(r,l) LT 3
Tl &d, ZOTAXBEEIE r20E1/2 DETNCH B & ZRHERFFO,
ER T ILZEE (surface delta function) EFETE I N TX S, ZHUL. EX a DIRIR
DFEIRNZT 1/a DfiE L D, ZOHNEHTIZO0 b RI2BEBEERL. IOBEXZT 0 1HiD
2Zrizkbigonsd, ZOBKD. EXAMICENTT L 1 7R%%, ROMEEZ/NZDITE
FTL, IV —RANVDEIICERETAELZICL D, EEMBEIOFET 25712720
RRMEDODZGEEWD N TED LS D, RETHENS X512, HEMPHERR Y
ZWHOBE FERTHD., ds(r,S) LEEL & 5o FRT XK FERIC, r 23RS Z @S
% STHIMNIZH % & Z72HEE RO,

25 ARZ MILSDMEER

N7 A OEER (rotation) IZDOWTHNK 5, [EEE L IZXZ PADIKICHEATHS Z
L EIET, HIERD X 5 REHMTICIE > T, X7 MUVEATHOERFTNIEAFT VT, B oY
RAAED X S\l > TWd 2T 5L, ZTOXRY MUGIZIHS »cHiE 2y 3 2 Loz
L TW5, do e HMRGAICH, RO LS REHEEZ TR, FAE2SETE LD
AL EZRDD ZENTE LS,

FAME D LOHZHEREEZ 5, £ Z CHIDIERRY bLEeRT MVGONEE L B 2,
ZOHMNEEEEI DM E 2D RXRZ L OERRAGFORIIZH R oTWVWE, Bxro¥X, D
E—AVPDEIBRI P LERE, IHEHEROEAZMNITEFTIUR, Ptz
EOELMOAMERIICIEA S, AEDRDHE ZHEMVTEARLE LTAFT220127k%
EEF WBERDP o VIIDIE RS, MALDOHFITHLIZTEE LYY Ry e ANk
EORDBDOT, @WPDHIL VR EIZ, ZOMI Lo THERZHEDZ VWS 7FrY —
M, ATV AN,

HEROELToEELDORREIIXAXTHETE %,

%deA
S

Iz [blEsfES (rotation integral) WIS, ZDHA., AEFEDLOITWS 7D, d L dS
¢ ADIEEZ ANEZTRHET 255812, A EZMTRER SRV,

Bl zZX, B L. T2 EATRN 2 EROEZHI51E. ERE 2D FLMECh - 2R Y
MV G, ZHEERE LO—mEZHLE T AERA L CRERESZ L TASZ e, K 2.81C
Hohs ko, COMEDIKEICIND N7 MLICk 225, EKiHi» HBROSRAH T A, OF
DEROBEEMZMWVWT WS, ZNEED T2 EMEDORT ML hb, DF D, BEEDTFE
L. ZOEAYDELHTMDORT MABELND,

— RO FEDRFEROBEZRD L SICKRDZZHNTES, ZORIEF A D rot
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21

dS x B
ds

2.8 MANZ ML EEREROIELBE2 L OIMEE, HNTHIERZA L,

(rotation) . ¥ L < [FHICHEE L HIHEN 2,

rot A = lim L dS x A
Av—0 AV Jq

AN E K RY FAUEDBERHPICE L TV EHEIIE. ZOREZROMITITEIDKD S
TEMNTED, e VxA BT 2,

0A, O0A 0A 0A 0A, 0A
A= A =1 Z_ Y ) r _ ol y _ i
rot VX Z(@y 82)+ <8z ax) k(é’a: ay)

VXA LFABRIZ, X7 PVEET V ¢ A QIRRNLHNEEZ L 2 & MOEBELN L DT,
Ihe VXA LTS —AXxV eHELZLRETERY,

FHWFET D b E L RIS, FEBOMNIET A =44, + jA, + kA, 274 7 —BHT 5,
dS x A Z—ROEVOHPHITHED T2 . —EHEDHEBETIZ0THD., Xy 2 (LM
TAEAE IV, gV, KV IR0 6, RDXSI1Tk 5B,

j{deA
S

_ .(0A, 04, .(0A, O0A, 0A, 0A, 9
_V[Z<8y 82)+J<82 8$)+k(8x 8y>]+0

772l iy g kK DAEORRIZFEITLTH 2,

FMDGE L £ o RIS, EEOREZ, KE LM EToOREEMNCLDIHET S
TEMTED,
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dexAz/dVrotA
S v

EIWZIENR T RILIBDH D ZADNFEEEE (Gauss outer product theorem of vector field) & T
HMEZIREZDHDTHA S0, MUk, HHICHI ZOANEEE (Gauss outer product theorem)
EMHZE S,

Flzix. 2—0O>% (Coulomb field) r/r® DHFEITIE. KD XSk %,

d —:0 2.11
]2 S x 3 ( )
3., Z7—arEdDrot ZAELTA XD,
T A(zr=3)  (yr—3) .
rotr—g—z{ oy os +7-+k---
:i<—3zr74y+3yri4z>+‘j..+k :O
T r

ZORFE, PR b, WMDY co R BFAERVTIE, BIHILT B, K (2.7)
AU &9, AEROHMETORBMEMNE. FKAzFACRS LOoEICRT2 22T
Tzo TOBOEMIE, FALATOAvE0THE I THolz, ThERMIC, FHabist
TODrot 250 TH 2 DT, LEOHMENCH T 2 BEEFEME, ik FAORE Loy v %
LK%, TR ETOREEI TH 20, dS x AFdS & r VO THHEAMTH 3
72, 08723, Lo T, BRZ EOMEIENIHS 220 b, EEOHEHHETOME
HEFE D 0 272 %,

A LT, EEROEIRZEEZ L 5. RBORT MLk, B> S OEME R &
T5ex, BRETFOHOMEAAMEZME, KEZIHAGRBEZRCT1I/R R %, K 2.8
WRT LS, BRE ETOZDORY PLOREETZEITLTALI, ROFFEEr b 35L

RDEHI1TH 5,
f1 as S0 _orp
Bk R

B, BREOEX 2r 2 L eEVWE, 20 X511, HHFZ0BBETCEET 3ERKEOE
XT3 B,

BoXRZ MLy dS oM. KD X512, BREICH > THESD A ZEWT WS,
TODRY FAPERLTWS Z 2056, AMEIITAERMEIZNEL Linwdy, AMEXZ b
ILVOFRER DB ZRD 2 & Zl2lE, BIRBEOR T E KD THhoHZ L 208N’ H 5,

27
j{ dSM // 72 sin 0 df d¢ sinf - _ 27 (2r) =2nL
Bk

rsinf
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MU EES %, BIOFETHEST 222 v T3, 7—n VOB L Ak, BR
B2 FEE o OFIROEEE . ZOHAZBROAZEEHO Z OB ORICEZZ 5L
MTED, RO ORETE. ZOXRZ MAGD rot 30 THBDT, 0 2725, FIRDMHE
HWOED I, RECTHEBINTHUED LAET dS/a DEZROXRZ L eREZZEDH
ISR TZ %5, 1/ IZRROEROKREEZENT 72 KEE 21(2r) = 20L DR P L E R
b, FEofiRe —H7 5,

26 HWBEHELAF—VADERE

WE FTIEEBEDICOWTIARTRED, BRI OWT S [ARRHERISATRETH 5, LT
DEII, FLAYOFEMPHHETEFEL XD ICHEITT 2, 5. FED L IERD X 5 L&
THs, B2.9DL51C, HLHHMBRICHA-TRIZ Z®2EZ S, 20 LEM/N2XBE T
HIT5, ZOWMPNHEOREZREZE L, B2 AMAEFEUCHZZAWERT ML dr T
T ZAUTHEHYREA, HIZIXGHCTHEIRE 28D X 5 REAZMNT, G5t L7dDODER
B Ths, EBRIC, BEAT—EICLTHREDZITI &, ZORMRIZEHMEOBIRIC L 5T

0%,
]{d'rzo
C

a—

dr

2.9 PAMERICIH - THEED 21T 5,

COMHDHEBETDOE ZLFRLC LI THIENTES, ¥3. ZOMELDHEZRZ b

Nallkolet LEd, Wi a HFAIDEANT b n B2 RA7—cHI 5, 23, A
Hixalind, —H. EADn -driddr % n VTR D2EMHE LI KE XIS,
FIHSRR T ESBE L TV b, S SRR IoEREEZ—-FEST 222175, D
Fh HICHEEN A, RO RIZEICR DI L, &5 OGS RIZA Y
D, AR LT2AFHERIZ 0 %%, 220 AHIZ0 245,
b —OSHRDOEMD I DICEERIEDI DD %, v ZEAL LEBRESTHZD., ThE
BEZBHEE AL FEE BE 2 X5 RM/NEIR S ZFAZEHIR E 35, ERIZEA
HIFROEIRIC & &3, FMROBOEBOIBEONRY M2/ nws 22T, dS iy
2. DTokrit5x605,
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i
[\]
1

24

]{drmzdei
C

WO ETHRL y 2z DEAIZOVWTHABOERENE SN,

z
A

ds

» L

2.10 PAHBRRICH E N EE o @i TTYIDITT %,

CNZAEAT 51iE, £9. BAdic -z, B 2.10 O X 512 yz H & EER
ZROET/PHIZIET %,

]{Jdrx:;Lidrxi:;xiLidr

BN S L OB [dr k. SBT3 00N EROR L T 5, ZOlERDZO
TH B, BHINTE FTERES 2R RD 2 L. BINBRE L5120 LB 3 EFT
55,

/ d’l"i + nLi+1 — ’I'LLZ =0
C;

ZZT L3 i HFHONAOEMOYIFORETH D, £ n ldGMOEHF DR FTHOD
BAIRZ P, DFD dS X ¢ FADHEMNRT PV TH D, ZOBFREMEW, SfED 2]
FROZBICEEMMZ 2 ZEMNTES, SHIEFT S LitHMET T 2,

fdrx—zxz L _Lz+1 —n<zxz+1Lz+l sz 2—|—1)
1=0 =1

Z Tiv1 —23) Liz1 =ndS =dS x @
=1

o ziMT s e, ZOMNURTEPICEH L TNDERA 7 =5 LT, RAHAL
T eHEHTE %,

%drqﬁ:degradgb
C
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FFRAE. KREZRAT BT, BHBICTE 3,

0 0 0
6= o0+ 5o o= w0) + 52 (0= w0 + 5 (2= 20) + O

S HIZPLEDRERZAMA L TR & 2R o sEis 2 PO PRI IS LT, RORXZFET 5
ZEMTE D,

jidr(é:/stxgradqﬁ

CORBANST—BDA =TI ZADFEIE (Stokes theorem of scalar field) 2FHE S, BUTF.
WME CEETZE T 23, —RICA M= ZDFEE (Stokes theorem) & FEIEHLT

W5,
Pz p=1528, XANBELNS,

j[drzo
C

-

/ /

X 2.11 FARCHEEN-EEE 5E3 5,

CORDFEICH-o T, FIRELMEZ, B 2.11 1R SN2 X 51T/ RIS
DET 5, SEMTIE EOBBRIKILT 20, ChEFHFEED L. EHOARHT, BT
Z/NEROB OIEDZHE VI BHE LA S 25, K. BOMROBI 7 I»EEK 3,
—HAME, FEDICRZDT, ERXPBIT 2 vk,

[FERRICARRE D ER Y X7 S AGORE? 5. ROAXDEIND,

j{d'r-A:dS-rotA
C

TNz K& sl 2z ORISR T 2 &, ROADFHEX NS,

jI!d’r-A:/dS-rotA
C S

ZOBABRIERI FILBORX =0 ZOARAFEEIE (Stokes inner product theorem of vector
field) EMEES, WL DODPDA M= ZADFEMT, Zanidbod I{HbNTWVWSED, D

%, BICZA =2 ZXDFEE (Stokes theorem) ¥ WzIE., ZhzxiETdor T3,
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Cy

s L
O Ty

X 2.12 FAfRZ — 2 OBEDRICHE|T 3,

Z ONFERRES OEHIE, FHROREZEETTHIRATE L 2R LTWVWS, HIERDIR
EO XS AR EZE Z L5, ZOMRICHo T, X7 PGS x5 ERIEEAD X 512
BEloTWBET 52, ZOXY MNUGERIEZ20RIE26R 2 2. BHOIZHED S EADIIR
DRNZHER L TWVWD, bo b EHRIGEICH, XD K5 KREHHEZ X ARk Tast
LMD E 2RO 2 e N TE LS, I HAMBUCERERD LR DM Z 2RO 5, RIT
ZOLEDDDWMIMNRERZEZ LS. £ T THREROEIRRT PLEXRT PALONEER & 5
. ZOMEMPIERSIXEAMBRAMORERCTF S L, AR SIEWARORELNIEF G T 5 2 ey
M5B, LIzhoT, ZHHRERORIOEARMIITAFHTIUX, BRI - 7205 X
HESND, RELZLTHEEDL ZHZAVWT2AEL LTERIT22 0125 & 2,
Bholz2 \WIEIITEZ DL,

CDRAM=ZZADERE, KT U2l 0HMREHELEboTVE, FEORO %
JFRE LT, ZZ00RlOFEEOR P £T. /1 AZBED LTV o ENRKICHES T —E
Wb & FOREDEROMNERIELZbDERTVI¥IL (potential) WS, Tz, Z
D& S7%N% A ZR1EN (conservative force) . KT ¥ v L Z2{R{FEHE (conservative field)
W,

QS(P):—/OPdr-A

D& EIC, B 21218 T L5 HO 5P FTOREKY C. JloREE O,
LT, HO-CL=HA->C->HORAZL-TRORKZ CdT 2. RORHNIES
Nz,

fdr-A: dr-A—I—/ dr-A=—¢(P)+¢(P) =0
C Ci Ca

TZT. CREIRP2POF O XTOHEDTZ, #HAZD C ITIHIKR O NHHP XT
DMFEMICE IR 208, NEPKIET2 e 2FHLTWS, ZOHRE»L, YO X5 K&
HEARICI > CTHEEEED L TH, ZORRP 0D &, ZOXRT MUVIMEENTHZ VW3R b,

O(P) BERD»HOEAFEIRICE LT, —BNICEZObN2 20w ik, EEDORDKRT
VX IP—RIREINDE Z ERLT WS, FRXADKILT 5,
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A= —grad¢

COHEHIZ. R P OFEREZ 1o E LT, ZOHFEORT VY% ¢ DT — 7 —EE%E
FMALTERTE, ROLSIHITBETTDH 2,

¢(r) = ¢(ro) + dr - grad ¢
=77 REDKILT %o

A

¢W%¢@w:—/de:—mu4

ISR TZ &, FEAMPET T 5,
DED. KTV vy o BEIZLNTWRE, TR AZRDEZIEBTES, 22
T, RAM—=22DEH L QAfE (gradient) OWERHAEN D 2O Z LB TE XS, BRA
W, AEOEHI T dRNZ LS, r/r3 TEIZONE 7 —u VBIEREFENTHD, ZOXRTV
Ml r &lr B,
BIMOIE2WHOIE. M5 TH 2 DT, WEHETIZ0 &bV, B EHRT 2
EAZEAMBRISH LTS, Wob —EONHEMBEDTHREZ 52 25 W\ DA, PUR—ILDE
A (Ampere law) T®H %,
X HIHHETBER N MUVGONEDL S, ROXDVEIND,

f dr x A= —(dS x V) x A = grad(dS - A) — dS (div A) (2.12)
C

H_RE floZe A R7 MVEET YV ZHMZARZ PO KSR L. TBRIITIHE
IR oBEREBIEERLTWVWS, L, HETFROT, HEFEEZZEZTITWIT RV,
BEORZ. BEROITRTOHEER TR L. ZReEAER T 58615, hz
K= iz PO BARRICIER 3T 2 &0 KABE L5,

fcdrxA:—/S(cwxv) xA:/S[grad(dS-A)—dS(divA)]

ZORERIFMILBORA =0 ZONREIE (Stokes outer product theorem of vector

field) ¥ THIERIRZHDTH B0, MIRIFHICA =7 ZDOAFEFEEE (Stokes outer product
theorem) &\ 9,

2.7 FEHABEEKLHZ5

EPKOERKFETEILET 200, BRHINEELDHEZXT MIGETH S, DG TR
Sy M, B b Vo HRERITOIMFEbNS, B 2.13 IZRT XD, HLAHEHIF. —
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A A A

@ (b)
213 FERDEERD H2HOWHEN, (a) FIFE (b) B,

FEDRYZ MGRHD, FOWNHIZ0 L HRoTWEIDEEZ D, CARFBIRTS L, —
fle LT, (a) OMtEE (b) OEH->THAL I,

ZD—EDXRTZ ML%Z AL LTEIZIS WIhoHEED, HBOXRT bUBRET 2 Nimd
IS5 T, EOFEEMEHD D, HET 2 EHDIZS T, ADOFEELD 2 ZLIFIHATHA S, L
b ENSFEBUZ, N7 VGNP ERZL BB e, ZALDRTO div IZERAKE &5,
WOME %, HICATICEDP NI/ NSRRI TE - T, KBS ZFIHE L TAS ., div
BIRF VA TH D, (a) TIRHAEE A, (b) TIIMEE Acosd (0 IZMPEREDIATEA)
LIRBIEHERTELS,

ZDHE, RoPWVWR I EIZHEERBIFET 5, ML Z/ NS BEIRD I CH-> T, 20
L CHERED EFITLTAS L, rot ld. A & FATRFDEE LAY OHEDL AL T 502D
[BER A Z Wz Z ML TH D, o, HKRTAVZEHTHD, (a) TEEHEE A, (b) T
WHEE Asing £ 725 Z e HETE XS,
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mill
(gl

S I DEERFIEI

BIER TR 7eR 7 P VGOWE 2 - T, BHPHEIER T PAGOHEIZOWTHERL £ 5,

3.1 #HELROME

B, 7—0O20DFER (Coulomb law) 12V, EHAFRAICH 255, HEEO “RIIK
HBIL, FAb SRS 2 MERONY PG TH 2,

Q r

FE = —
4deg 13

ZIZT, g0 WBEREH (electric constant) THH, 1/(4r x 9 x 10?) = 8.85 x 10712 F/m
TH 5,

BHORRIZ, BBEH 2ROV THL, ¥3, EEROBIROHMEIO LT, &
BRDERIC 2T H 258 0RBIES ZFHHE L TA LI,

j{dS-E: 2 j{ds .
S 471'5() S T

MEDONX (2.5) &b, HHOEDIX, HAMEPEREZH DI Ar £R225006, HUZADER
(Gauss law) EMEN 2 RADKILT 5, BIE TR LUHBED & AEED 2GS FEOESE
AHOZ L UM E2 T 2D, BMAFETIE, Z7—mrOEHIRGHEXN-Z0RD 2

CERZESMESR,
fds.E:Q
S €0

*LERDHEHICN LT ERWHETEB L TV 3HE1E, 2ok LThTtl 3, REL, Mkoy
U ZDIEAZ CEE LBV, GOV TIEE 11 BOR (11.11) 2BF IS0,
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— 5, BAMMEDSEER EBA TN E FICiE, 2 (2.6) D 0 2725 2 L AEAR S,
P PNIC W S OB 23D % & E12lE, ERFZNZTNOERDIEL B DR PUVIIA
DIERE 12200, BEFETOERD, HLrOBEROREEHET DR L 25, MR, EX
DHEAD Q ¢ L THHHNOREMEZEZEZNTI VI LR D, BMPAEMOESTIIR
<, ZERNHED o THfid 2 & Zi2id, BREEE (charge density) p ZHWTRHKD L5112
RILMNTE S,

fQSJhLl/dvp (3.1)
S o Jv

ORI, AV ADER §dS-E = [, divEIZELD divE OFERDICK 2, G HHE
B Thaho, BoidExide, AVXDOZENDOMOA (differentail form of Gauss law)
EIEHEN B RN EL NS,

1
divE = —p
€0

BAREZWEZRDITTTOEEREDL D LRV, BEICIE, divE % p 2IEE—EIR
RZ 2 ETHEAMEEE /NI LT, FAOKREE ZARBE OMICLTLES, ZOM

WEAETEE, EXpBEohs,

ZORBTHBMDD 2551%, H2EDON (2.10) I LD > T, HiE 2.4 HiTib7z 20k
TR EFoTRT I TES, £7, RBEMOMNDDIC, $F o BEID - BT
HOE2BSEEZ, ZOdivZEHLTAL I, HIZIX, R a DRAT, AV = 47a?/3
Yo E, —EOBMEE p=Q/AV EF o TN > TVWIERBMEEZ S, WO ETH]
WZErTHBD, a— 0T, p=Qi(r) tkb,

. AV (inside sphere)
0 (outside sphere)
ﬂ%’lﬁi))fo%i B DS FNIER DA DOFOD HBEHRT, oFubXFie 2%, BRWT
, PR MICTHEET 2REMI Q(r/a)® 22D T, FVADEMELD, EHOKE X,
pﬁ%ﬁﬁﬁ®@ﬁﬂ%%4mmzf%otﬁtﬁé F7z, AT, BEMDIQ &—E

W2 e RIDERRDE, ZORRE, BoN2ELHIIANXTEALND,

(inside sphere)

Cdmeg | T :
LRl (outside sphere)



3.1 #EBOMWE 31

i
N
i
3t
B
g

0.1 = 0.4
/\ 0.3
0.05

L 0.2
N 0.1
0.05

-0.1 -0.1
-10 -5 0 5 10 -10 -5 0 5 10

3.1 FEMzRD-EYS CEREE (o= 1,

ZZifEeon-ER e EROMER 3.1 IR, ZOEGIIEKE TH D7D, F o7 ME
BAWMITT B enTE, divIidEHICEITRETE, ZOMRIIHEL p/ey 1715,

XTC, BHOALX, a — 0 TERNDHEBA L 2720, BEDRERDOIES ES L
%, —F, AivE = pleg £ %570, WIRT, HEFALRERERD, RDOXSCET L
PTE B,

Q

divE = —=i(r)
€0

CDEIIr—uariBiE, BRIOBETZLIAE2FR HLODZL AT, divh0, 2D
KOG THEZeBnh b, ZORNIE, AiE 2.4 HiX (2.10) 25, 2Bk 32
EMTES,

FUELAL D ¢/ BRI D ZBEIE, (r) DL TAE, dr—r) KBESBZ 2P TE
W, MBRINZL XADZGEICE, ZOALOSBEROME Q LAl r 2EZX-bDE AR
THhREE WV, 20k, EHBORTHI2BEMOFHELTVWDS L ZALIDPRRICK S,

iz, —ODEMHMBEZEBELGORERES ZFHELTA LD,

fﬁSxE: @ %de%
S dmeg Js r

COEIORGER (211) X, BEEASTHEBOIEHCEDST, 0 L5 3,
DK SAD T, ELEHIEMICHHLTHEL TV TS, ROKDIRILT 3.

fﬁSxE:O (3.2)
S

T3 ADNEHIC X D rot E OBFEMDICR 2, LehioT, Boiszise, v
722 TAHT, RADPMILT 25 EDBREND,
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rotF =0

ZDEIIZ, EHBIFIWDE L ZABBDFELBRWETH S, FEHIZOWTSD, divE 138
TR VERD 0 THDH, EHLDTREREGTH S, Bk TR DA TREFE 7 DTEE
T2DIX, BHOD S L ZARTDIED, HEbr o bBIHISN 2 ITEE R0,

RERGLIE, FARAX=IUEZI 205, KOTWDBIWIIGES X %, Efid X
3, MED VUL divd rot H 0 TH S, KiE, BT IHERRIIZ, BBk, 20
ZMEET23 DT, KOTWNOWMERBEL T 52U IV, DFD, EERIOHEEHL
T, BEMIIRVATNL RN, SWAX—V252%, 3bAA, FEADEMIEERE L
THERLZWE 212, 3ICERZEICRNMHETWw o720, ERED SRIVAATEZD 5,

BB, BETRZ FAUBIZIAD &5 1251\ -EiiR 2874 (line of force) , BHDIHEIC
%, FRCESRAE (line of electric force) W5, JFEINITEE ORI GF 2 Z 212k 3
D, BEIZEDEENRT MGORIZLHT 2 X 5 ICHE[WTEI{, divDdRnwe ZAT
X, fENRREER R LTEI Z2Iick D, HOWBHET, ZOEEINRNY MLIGDIR
XWIHA T2 LT BN TE S,

TR > ERWHEBIROEZZE X X5, TRV ADEMzZEH T % L, EY
TR 0 DG, BEOWHBEE XY PUBOBRIOEE—EL K22 I eh, HEIZEHTE
5. INED, FENROEEIINRY MIVGORE LHHIST 2 Z L3005,

COFER, ERNIMERL ZLITXD, ZANRET 2L ZADIEEMT, HRT2L 5
DHERTHZ I EHHETE LS,

3.2 WA CEROFMME

BEHIRBMOIEL L2, TNOLRHEERAREHEETE 2D, BGOHE I3 M ZHEI
L7t X0k’ 5, HTHERDIZ, WEOREFRIIERTHD, BERIFEFMDO LS BRKT
372K, ZRTEMBIEZRD, DOBATIE, ARALFFODDENLTH 5,

BERE LTESHVWSLNS D DI, BT (magnetic charge) , Bii&F (current element)
, WUNEFRIL—7 (micro current loop) O=FHTH 2, ZhoD55, EENICH - bl
KD HHELNTE /GRS TH 5, EITEMEFEUT X 51c7—a>DiERI (Coulomb
law) IS L5 ERET 2, Dk, cor7—arGeRET2ETLE, BBEETI
(magnetic charge model) &I S5, FEFRB DL, WAV FEMCTEHAIINSE Z 2372, &
FTEAMICR > TIHFET LI L TH D, ZO I IRARUCLRTNR, HRANZEAD o
BitE (magnetic pole) DIE 25X, Wb & BMEHRO A ERS, HESG L FEBEOE TS
ABbND, 72770, QA THD, NMOHEIZIE, SMOLEICAL T 5,
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_ Om T

Ampg 3

W€ 7 VIEEES & OELUEDE <, BRIV T o703, 205 b5EMAF T
L ORWEEED, 51T, WEROIELBGD, NHEROIEAGTH S Z e 3dhroT
3120, BEZREEZDZVEPH L TE T, T T—OMEBHTELDIX, WAHIE
BLWHIFERD D > THEERD IR NG TH 2 DIt L, BIDE S BGII D2 L BHEzDF
ET 25 THZILTH%,

L LEDS, WADIE2WSEE, FU LS RBIROBRIA VOIELW57% L TH S
E, WINBWANTERLC L5222 LTED, MAONOGPRZZIEZFITHE, 2Dk
», WANTIE B=uH &, HE7RZUHT 2505 B 28A L%,

H

B=9nt B DAV

4 13
ZOHMLWEGOMER Bl poH IZFE AR UBRTH 22, WADNETIE B = ugH
DERZEM =X VWDDETE2DTH 5, ZOFHLWEHOEAICKLD, AL BROME WS
BRI IO INS C DB TEL LR -2T2DTH S, 5k, MGHLHERL X123 B
IS DL L, H IXBIBEE (strength of magnetic field) ¥ WoT, XF|F5Zr L
X9,

T, BERBIEHERIESHD1E20T, ZOWHFDNZIEH R ORELZETCZ, 22T
EZH SN0 ERER (current element) Idr’ E\WHMERTH %, ZIUTEIREZ T
MBI L2 20, BHEBOZ 2V, ZOEBRBID ARG ZZEL200 20D
—BDRHTH 2, ZhzbEd - BN—ILDER] (Biot-Savart law) & FER*2,

ol r—r
.B:%FMJXV_WP
ZORENIE, EMERESEREZHE LRI 25 21ES b WO HEHE L, #HESHE
BED ISR HHIT 2B HEHEL 72 D TH 203, IR EEOBERBIHELT 2L, H
LW ALEIC, BRI 2WSZ EMICELARTES2Z 06, ELWZ e TFHlah, 56
2, TORADLHGOFOE AL OWEZFETE, ZOMENS, ZOERIOIELHEDTESEIZ
RALXND L5107, LrL, b LBERKALD S DIIHEMTIIFAERT, Ehir
DEZEMNEHBHETH D, ©5 L THEELO K S RIAMLRHIANKEETH 2 v 5 HAD
b5,

(3.3)

EiZ, BRIBAF O HFEHINHERRRICH > TERAESH L, KEIXERRES
FHNCERZRDVAATWS X5 RFBICTEE, ZORIKDIEIBGIEIE A « FN—LD

2 R (3.3) %, EEOEHOMHICIH > T dr THREZLELOE, B4 - 3R LOEIEMABEL D3
B, AETRZORD &S KERERODDZIERZ LITT 2,
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B =puK

— N
S

3.2 WAHEIEZEYL /A REEMTH B,

BRI RICIBIC2 2 Ze L TWS, ZAUIKRZBRKBDO LS 2 DDOHPTHEERT 5 2
CCHIAFETH S, ZOIIRERDMERODOEEEELE L L, BIOBEBMRBH DL
W HEEHTERYE, ROBRBH OKIELINVIAATWEERBF ¥y 2L LED 729D,
TART 2 N—RICENERME, 2RO BERL— T RIUBIZKR S,
BRBEA DS S5 =00, HHEHED L OMICHEN L TH D, #HELD L ZI12iX, P
HEE PN B3 2  AUX R 23 0 72 b, BAFTEAICHAUX 0 TR 725 &5 HHfERE
BEUC T, —F, 8RS CTREEE D2 2 USRS 225, BIRZE 2B D - T [Elig
BADPFELTLE S TOWVokmldd bBMEISNIET 5 X5 RBIDIELND 2 & 770 D A K W»
Ze IS,

AFECTHHIT 251, BREOMVWY L /AR (solenoid) TH3, Y1 /4 KEig,
3.21RH6NS K51, HARIEKICaA N ZEZ(ITLZLOBRATH S5, IV
9 &, BEMITERZIZIERICE XM TES D, AN, TocflviEfRz &2
WEBIRD L B D P—HT 2 KO B WHEa A L E2, REGAICEE IS ICEAERERT:
bORMET S, Y1/ A FOMERIIIEFE /NS, il SIS oE» 5 /12 &, 13
RICARREZEETHINEDDH S, £72, Y1 /A4 NOMHEDHEHBEIZ—ETRITFUIZ SR
WAH, YL/ A4 FORIAMOBIRIZEMRTD 2 0372, KO X51Hidio Tw Tk,
7272, WIESHERICHSR, 9@ oK Do TWAREDH 5, 7721, FwAIXHME, EHRED
BRIV IAREFEWES,

¥ (bar magnet) [ INFERDIRNTED, HiZV L /4 FeElTHE, ZOFE, &
e WA OBRIE, G412 % SHp S NIZAEITTEL &, BREA 2 ED 27, OF
DEREH AN S, £ LT, AP OETHAPOWENEEHTILITRE, ThZ, A
DA% (right screw relation) ¥ W5, ZORGENS, NE S HAHTRICK > THA
5B TE S,
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EEOWADFDERIZ, MR FOBFALY VRBEFHEREICLEN->T, il
TN TWBEDTH B, ek LTHHTEX2EED~ 7 ahfimi TR, BHEZET
5 NEREFIEAEWVICHR L, R, ot bIEOEROAVBHTE DT, YL/ AF
WX BEMBHRIX, 22D Wil hoTwd, Al Ww-TdH, BRAEEHERETZE
TOFETHYD, BHKFEZDDDIIEELHEMTHLDT, e LD I 7 oYM
WfE-T, MOMEIEZNI VI ETHRVTHA I,

BB TR THADHIEZTRATWS 2 LT, HMitE2ERMH AL LS5, BOOBIRE
EAKRE LTALS, ELVWBAZHEIC S 2>®D 2, 2R oDEZRBGIE, Bh Ik
DT, BATEMT AR _fEeks, —7, MERI, ZOo0MAOEATIIHEEL
BoTHAKRE S, RRMMTIIHLHLOERELFLTH S, FKICLT, 2ROWAZ
%mé’tmib TRPIROMAEIES Z 2 T E 2D, ZOGIIA O MEE HLF 5

—7, FDNBERIIFCTH 2 DT, WMORZIIMEREICHES2 2 e85 9h 3,
%k%bm@ﬁ%ﬁk%mf&iaogowmawﬁ%fu N #i e S MM T 2 729
RSO N e SHL2ES KWV, DF DFIEED SR, —F, (Ao &R W%ﬁb
5V, ZITHIXDERLEDLET, Wa YL /4 FOBRIE, RoLkScRINZZ L
DHRETE XS,

Qm = poKS (34)

ZC, K 3EAOEGMEBEMEYT-D OEREE, SEMEETH S, 7k pold, WEH
M L ERBEMEE O 2BRESH (magnetic constant) IR ZEHTH D, ZDHEHIE
4 x 107" H/m TH %,
HBWVE, BEATHY L /4 FTH, Z7—arHelEb B3, mmc— cREs
HLEZLNZDT, WEEETHS EXDEXSI1T7R 5,

= pol

Om — —=

S
A DS, BRI Z OMMICRET 2 22 ICh2DTHEH, FiErs, YL /4R

DA D E CEIMCHELARET S 21k b, L2L, YL/ A4 KOMNEI/ZEDZE/[T
HY, MBRAIZS DBFIEL TV RIRTIE RV, BFHIEZ 2 THEETRIINIR S R0,
CHIBERDPOHEM T 2EH L Do b BRRIHTH D,

FH»SDRB I THIH, YL /4 ROWIRIKIX, BB LT TADIES 7 —n
VIBWTZ, YL/ A4 FOREIFETIC, SHEHI2S Nl —F 2SN TEET 2D TH %,
ZOWEMZDZIZED, YL /A4 FOMMEIRRIRGHA TR 2D, BGERNIC K
%o ZO—HBBIRNTEZ NS,

Qm
B=-"== 19K
g Ko
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\\\\\W‘¥W[17WIV/O//

AN\ SRR 1 vt L tir st/

NANANAYW ARGy

NN AN A 11 tt Lty v/ 7 s

AN Ve S

NN NN IR N A7V e

e NN T R
TTTTTTT TTTTTTT

R, VAN NN FIVIWVWpN > AREERE] IRRERAR

A7 R IR\ ST (ERERERERRRRRRRER

A arAr I EN NIRRT SN SN N INRERRRERERREAREE

A ar7a e I Y N O T WY SN INRERERERERRRAREE

/ / N R DA T T NN ARERERERERRREEEE

ST T AT TV VTV R Y VN N TR

F A A A A Y L AR TR TR W ARERRRRRRRRERARE

|

I
t
!
!
!
!
!
f

VAV AV AV SV IS

VAV A A AV
S

// |
DA S 4

— — T = !

—r

\

X 3.3 WAODIHTOWMET VO (L) ey v/ A4 YRo—kk (5L 2z
Y, BRETLVOWYS (F) 12745,

!
!
I
!
!
I
!

A DHE D, WHOBGIGTHNAETH 20, YL/ A RERELETHEIEEZZDT
H5,

HIFED (2.7) BHTR L& 512, YL/ 4 ROWNTBZIFET 32— k251%, Z O
BOFED DY, 2hD, 7—arBOFRHES & 5 EHTHHET 20, FEBOBANZ0 &5,
DFD, WHIEE REZDTH S, ZHEBERETIL (current model) TS, Z DT
2K 3.3 1RT, B, FEIRL B, YL /A4 FEMEC, BEAFEETSZ X512k,

FEHIIT o, WADE TSI D 2SR EL Z 5 RS L TWied, FHHELTA
2, AKODESIZ, TELLELDLTHEDTHD, WHEVWTEZTAIUL, ZOZL
&, WHETLVOEZHSO L ITRFMEICER TUX, BHTH %,

YU/ A RPHDB - TNTDH, ZOBEMOSE, Y1 /A4 ORI > THAET %,
& D EEICIE, TR S IC—RRBRIED o T IEDORFDMES 7 —u Ve FU IR -7 AD
BHDMES 7 —a VGY, RENcih - 7z FRllBoRME k2, EBRICZoRMEEEL T
AdE, BEATHASL, YLIARTHAS L, ¥y 7 LRBRVERWVICEK LT
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| BEEAESN, EHOBS L O X 0—HERL 2 I ENTE 2,

3.3 FIZOME

T3, MNERNLN—TOIERHGORBFEDTZ KD L5, MNERL—TwvwoTdHY L/
£ FO—FTHZ, V1L /A FEEIRD XS ICHERD VG UES WD S, FERES X
W BGETH 0 725,

deJazo (3.5)
S

CARBRN—THWMNERN— TR T 2N TELZ s, TORIBEARE
W —"7, D5 WVEIEARBAPEZHIZBIIHLTD, RZT2TH2, ZORDETIZ
div B OB Lo TWB DT, MBI EZNT 2B kA0 Esh 5,

divB =0

DXL, WBDOBE, BHLIIHIS, WeR L IAKMOBEE LW TH L, DFD,
WG 3 2 2R L TWS, WATHY L /A FTH, BrosRET27—my
WG ORI, YL /A FHRHO—EWGOWIIMRI /M- TE D, M TofREbEidzw X
IHEMMEINTVWEDTH S, WD, BROIELIEHE Do bRRLILATH 5,

BN CEARME L CORERED 2FTE L L 5, 7—n VGobEsfEs I, #ESOGA IR
L7zk21Z, BlZ0 &b, Lo T, WEMESDOMIER7Z T 2E 2 XV, THhElER
B EHEGT 2D, WIETHRL, ZOMERSIHAMMICEATVS L XL TH S,
DF D, MUNETIL— THEBEICEATWRSEER T EEZ I LV, 1B, B/NETRL—
TOFERICHMENCH B & X, HDEHVIITRICHMENCSH 5 & 2121k, EERETIE0 &
725,

K 3.4 D L5 ICWADOHKMYE b, H25WIEH R L2 L TV AI5EICIE, BlELfE

FIERD X 51275,
fﬁSxB:ud/dr
S AV

FAEERD LS5 TH B, ZDRAEBEBOMMEZ dS &35 &, FERETIIRD X 5123
HTZ 5%,

%deB:deB: ,t ,LLOKSinﬁdl:,uoIdl:,uoI/d'r
g sin v

TRZL, t I 3ODESTH 2,
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3.4 WUNEA— T L PRl D2,

-

/ /

3.5 RELREMN—TOELHEE, MNERL—TOELEEORNTEZ 5N %,

REBEOFEBZIDL D OS50 bRV, KEMERO—A dl %, FAMERNOBIREIC
o 7 IMRD R T bV dr OFEAEBERZDDICLDEZIZ TV,

WA HITE 2 AR DAERIC B 2 5 E1iE, L0 & D, AiOBE LRSS
BEYFELREV, ZRERICHERICH B L 212X, GUOBRESIIMEN L KEDBRI IR 5
—JERES e %720, REH 0 RD, HOERLFE LR,

EHIT, ZITIHEMmEERT 20, W NMEa Dl OBRD AH BRI & 22243 5 X
SHAEICH R CRERIE SN D,

B 3.5 1RT &5, HIRELCHEZFTCHAMREE X, ZoHEY, /NI RERICH
HLTADL, ZLTEO/NIRBHEBZ &2, TXTHERCEDFEBIERSTRNATVS E LTHA
k5, T2k, BHELASIWIL—TORATIE, BEWCERPITBEHEHLAD DT, #E, &
NEDBERDADPEEKRL ZICKRD, ZOZehd, KRERERLV—1X, MNERL—T
DESGTRUHTEZZLPEMTELS, 2O ehs, KERL—-TOERIIOVTDH, X

ADHALT %,
j{deB:,uOI/dr
S C

D% D, WHOEERESX, BRD S5, HMAICHENLHEIZ A b EDTHE LD
DThHEzZoh 3, ZhzT7oR—ILOERTZER (Ampere surface integral law) Y FER,
RTHERZ D, WHOEERARITIE, B 24T 5 FAMhE & BB LA T 5 L 7210 0 TRWE
RO, BB EESEHBEINICA > TV 355, 2 HHEIMCEET 258130 &
VAL
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ZZT, —~MOBRAMORBLHL—FICLDr e WS REICEZATEI 5, £
WFERIIEICHEE TR IR LRV DLLTH S, CARBRDBSLTSCE-oH-T, JT
DHIFICR > TL 2025 TH %, EIREIRIZZ 572 o THWRWVWTRRWVD L WS KD dH %
HHHINIR WD, ERERIIHEGR LOFETH - T, EBRICERL IS T2, BEARE
DERZ T0EFCHET 2 TERT L LIBRVDTH S,

XC, AitHoROAETX, FAMEADOBIRDONY bL e L TORINIR > TWB D, BIRD
AL TIRA TV 2 GEIIIBIREE J OFEEDT L7125,

fﬁSszwm/dVJ (3.6)
S Vv

F 7z, K£idlE rot B OBEREDICR > TW5b, Lo T, KRB I EEZNT 12251,
T o R=ILDEMDMSR: (differential form of Ampere law) EPFEHINZXKANESN B,

rot B = po J (3.7)

CORDPS—OHEBELRFHIZEZH T LATES, MAD diveE sy, EEORY bL
B divrot 1X 01272 2 e e, KRB EINDS,

divd =0

&l

EIMEERZ ML divHAFEIZ0 8 WS Zid, ERPEFETHI2 VI T ERLTWVWS,

>

IhEk, BESGDER (current continuity law) W5,

BB, ©A - B N—ILDIEHIT, dr' DIEZEG» S, 7 R—ILVOFEHINEEET 2 n
e TREITIHEDZ N EBbNS, BEkRs, BRBADEZWG»HIET v R—L

DFEANTET 2D TH 5, HlZIX, ERETORERED % Z DN ERRR ZE W TEIT
LTALI,

I I 27
HoZ dssmﬂ._“ot/ /‘ rsmﬂd@&bSne T ol
47 r2 4

RS 25100 pol THADT, VR WVELIMELNR WV, Lird, BERZFAOMEL
BZThHhDE, ZORBIIMENEDZDTH %,

REMITFHFESICBVT, 2O TEMRERTH 7, REMIHMEONCDH S L,
HEBFET I FE oK EE LI RV 6THE, e T s, BRERIZIZDLS
BRERIZTZR o TV, BlZIE, BANSEE T MCE»rNERF AL, BRE LI EERRY 72
W EO T, 207D, BEIHFEETL2DTH 5, LORPFED IR LR VD
X, ZOUDFEENELEE L TWS,
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7272 L, BB TR, EEOHMIRCIH> TIAEZEAY LzdODEL SO

WL, 7Y R=ILOERIDET 2, Z20EHEIZOWTE, hEESE SN,

BIRDSTEL TR TOWRWT, RER R TH-oTH IV L LTHNTWAIEEEE
ZE9, (BT EVHLIRESIZ, BROBVWEZATIErot B=0T®%, BIRDH 5
¥ ZATIE, R (3.7) 2MUMEE AV ICEA L, W% AV THRLTAV — 0 & FhiE I,
ZOMER, il rot B 225, & ZADHEMLE, ZOREEMEYZEROES R Ar' & L
T, polAr'/AV DR 725, ZORTOERDMAIZAIK N MUIZIRED, TOKEE
WEAEROGED LS R AIRT VX 372 6w, FMOFEEIZE D, Ar ICEERTT
MR KR EREHZ T 2MIRT AR ->TEBY, ZOFHRNTHEITIUIL &7 5,
7272, Mg, HEDHEDLRVDT, ZoiHICIED 5,

KERZ X, HEROFELTVWD L ZARIDPRETHD, ZofiodinTid, #ES
ERIT &I, divdrot d 0 RRERGTHE2LE VWS I THB, ZOHED, ZITKDR
NDES5THE2, BEHLDBNMVWIAADLZWRNTH 5, 2DRD DI, MMEIRDIG,
KTHNTAHAR (vortex filament) L IEHEXNZEDOHLE o 2RO EMK T 5, KOS
X, Z2LO5E, OO THVWEIZZ>TED, ZOZEMEWIEY, KIEEHTHRATY
%o 72721, KDOGEITIZ, MHFHLB->TL %L, ZOZERPHANTL 5, ZuE, KiTH
72 IEERME, JRREMERTRIA TRV e AT TV S, BRKFE T, ZDOZERDED 2R
BRMICEZXID-TED, Lrd, ZOANEENT, BV LAME R TFET S L5 T
AQAWN

[EER DR RIATH 5 7 > R—IVOETER 2, MNERAL—TIT0 L TRDTA X
5, D, MUNERNL—TOBMNXERT I EIZRZDEH, MUNETRIL— 7D BRI
ATV L X721, NERBEDICHFSDH 5, £3, fIETHENZ LS, WNERLV—-7TD
MM DRI FE T 2 7 —a VIGOBEDIE 0 TH 3, LT, mEW%®—ﬁ&ﬁEM
GBI DEERONRE R D, DFED, MUNETRLV— THEHIR B E RV 22X, B
H LW,

ZTH, BMUNERL— I L, W e b 25872 2 a3 %,

T@iﬁ%ﬁﬁﬁ%é%?%# RICERBED—ERIZ I PR DI GEBMBIIFE IS, 3
27— VBIEEED VDT, FESIIEIEINT 2R, T D78, B O —RES O fE D
I EITRRXEV, FRMNERAL—E T3/ 0D T, BEIRIIEEAYERICHZIS
LT, atB%2175,

t
J(I{dr-B:dr-B: = ol
sin

S

RERBRNL—TOHED, THAEER L TOWAB/MEAD S S, e ZEZLTW3
DI DFETICHFG T 52D T, I ZEAMMEZERT 22\ M LT, LEFRUCHARNIMELN
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%o DT R—ILOHFESER (Ampere line integral law) TH %,

%d’l"B:ﬂof
C

A CEEAIZHIDTETRD 2 e TE D, I (3.7) TREIND T U R— NV DIER DY
%, EEOMhIR C THEAZME LS T, WEOHEETZLTALD,

/dS-rotB:ug/dS~J
S S

i, A b—2720FHICED, B OFR EORBEDTICESIZI 2 NTE, A7V
R=IVDOIETERIF SN 5,

%dT-B:Mo/dS'J:,U()I (38)
C S

7Y R=IVOHEETEND 7 o R=NVOEEDEA S, BHIZT7R=ILOZEM (Ampere
law) EPERDY, ZL OETREFICEREERTET I 2220V, AETDH, HIZ7 Y R—ILOEH
Lo BEE, COR (38) RIET L LT 5, BB, MIEECH £ AT 2 EET 5 AR
LI LIEX, BHHRIARICEERS (cross-link) 3 2B FER, T/, W, B — 7ZEET 2
BWRDHEL T2 LR, af 1D K512, MEDERID 2 &, HRIIBREITRSDT, F
HELTIELW,

HEE
RRLDIL BN, ARROHHNDO—2X, WGOBAREL2EEHTERWVWNAEWN) T
LIZHHBDT, AOBRLTWABHEBELZ I LD TBI S,

1. EBREHIGOBBROEAREZ, U4 - YAN—LDEANCTZ LD b, Wz —a o
FEANZ L2 E S5 30 h 3w, 12720, WA YL/ 4 ROFEMEEFAL, WA
ORISR D2 v %, EHBALHZ 5,

2. 2935k, WGOHBNEIEIC0 LR ZeNTCICHETE, MIGOFEDN 0T
bHbBZEehREINB,

3. MERICBAL TiE, AMEIET TS, BEDT TS, 7—urBiEas5es, —HRi5o
a2 2 ETE I VDT, BHRICEHRETZ 2, FHIE, rot LOMIG LS, &
BDH T ZDEME OB S OCAHHEERE T DIES 2, ZPICHZ N2 LE o T
W3,

MGG DHE Rz, FHICBARR (line of magnetic force) W5, AR div 530 T
HBh, BEDBHEBD L, SEBTHEETH 2D, WROME L OBEIXHE, i D
BERIEN DL, FERRICER TAHETH 5, ZHUIFHCHRIDHT S hTning, AF
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Tl¥, NEEM@ (perpendicular surface to force) LMI S, BRIMDGE I, FRTV
o+ )LE (equi-potential surface) LFHEIN 23, BHGDOHEEIE, AT —MWEKT > vl
DERTERVDT, FRT VY VHKRZHDEFRNOT, FXIHENRICELRT 5 HEE
HE 25,

TR EEZE S, FENIIEENCENR ST 2 2 e TX 505, @FIZZO/RL, X7
MG DR EEHI S B & 5 IZHF\WTRHET %, rot DRWVE TAH T, JJHEMN ZEi
fzdhfie LTINS Z8I2&D, H5WB[T, ZOMMRART A0 mS I AT 2
X2ITTHZenTZ S,

Ko EER Z ZARDOIEIHR TS, ZOENRE ZoDH % AR O T E
ZB, THUTT U R=IVOFHEFTOEM AT 5 &, EIHERD 005G, HOMFE X
7 MVGORI DRI —EL R Zed, HHEICHEHTE %, Zhkb, NEEHDOEEX
N7 MGORE & T2 Z 30D %,

ZORR, NEEHZRZZEIZED, ZOADEFT 2L ZAZMRDTFEET 5 Z & EfE
T& X,

7 UR—)VOEBMERIOIGHE LT, ZhhrsEA « HN—)LDER (Biot-Savart law)
ZEZHLTAL S, KEIOERINHER KD, BRBFTZFTIERL, BH O O
ZH T ER & BRIEARVIAF N 2 BROREIMEL MG ZFHE L TA S,

e LT, MHPREROIN R ZHEAE L, 825 0 ZURENzE 2AICHBH 5
LT, ZOMM, ERFHIRERO ENZ T EHZT 202 RKDTEI 5, FRZHLIIL
COMZELREEZ, ZOKRNSHD HLKEMEZ, RKEETH - TR X0, ﬂi@ﬁlf
BEzredst, ZOHBEIRDIIIILTRDLENS,

0
= 27(1 — cos ) r?
0

COMREFHALT, 2 D ZAI2H5F1FE p OFNC, BHPRERI ENZITHRK TS
MERDDBE, 2>08 2<0DENFRUTHL, RDXDITK 5,

Il—COSGZI l_ z
2 2 2 p2_|_22

IS (S
2 2 2 ,02+22

BB ONAZ 255, :HWIOEEDOHRZED, ZAUCEMKRET, #ro¥Epo
TEVHRZEE, ZOMWRORETHMEDT ZFITT 5, B z ISR TH 2 2 &p

9
/ df 27 sin @ r? = —27 cos O r?
0
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3.6 PHHRRR & HZZ Y 2 BEPIREIIZ LA TRIRETE %,

5, WGE z 2 IS LSS X512, 20, BRICH LAXRS OBFBRO AN, 7
YEXTHRE S —EME L %, RO ETHEHTOMDIAELFLHEZEL 25, TN
THEL, HHOED7ZIPEEES, TOMHEIE, FROEZ ¢ 25 F0EWIGEICI3mE & Hl
HEDEE 2D, 2rpBt TH 5%,

—HIEEHOERDO R Y PN 2 fiF Az m < OT, BRD z Kooz e 5, D
Fh, COMARHERT2EREEADEEZ LU I WD, ZHUIMARDONMEIC L > THRKZ
%, FADIEREZFHALT, R3.6 DLSIZ, 2= L/2 ICHMBEROMI A, 2= —L/212%
BEROEREDD T, ZHHDOMICERZEF DD 25512, FICHR T 2RERZ KD 3
Y, WSS LD B, R TICR TV L Z120d, BEHNRFEEER & BEHRERER
DADHRBEZRKDIUIT LWL, BICH 25E1T1E, ZHUTZ, ERFF L OHKXELE X
BEND 5,

2> L/2 DEAEITE

(1 (z— L/2) (1 2+ L/2
2 22+ (2 L/2)? 2 2+ (2 4+ L/2)?
L/2>2z>—L/2 DEFEITIE
(1 (z—L/2) (1 Z+ L2
I<2+2¢p2+<z—L/z>2) I(? 2¢p2+<z+L/2>2>”

z < —L/2 DFEITIZ
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1 (z—L/2) 1 z+ L/2
I = Il -
<2+2¢ﬁ+wz—gmﬁ>+ <2+2¢ﬁ+%z+LﬂV>

ET, L 2R p i LS ne LT, MTFO X3 ISEMT 3,

1 _ 1 n zL
VErG-LpE

ZOMERIZ, WEBIARULELRS,

M_Ljizmm%
2r  2r3 2r

ZDOR%E pot 5L, FMAROMIEFRE 2rpt = 2rrsindt TH 2 &, A - =L DOIERIDRK
LR o5,
5 Ho ILsinf
4 r?

N7 MTERET2L, Ar ZEX Ar TEREZEAFOAAZAILRZ ML E LT,

_@IA’PX’I"
47 3
e - PNV OEAIE X, ZOMBEERBALIIMEoTVEERRLAEZbDTH 2,

[FERDFERIE, 7 ¥ R—IVOFESERH» S B2 e N TE S, ZDHEIIMKOREZ
DM EICHETHEEZE T XV, BMBEESEICHEHT T 2BREEIBOREXTEHID, 251
po FEFAUI I VDS, FRIE LEOHEL o/ FALICk 2,

WS EEOHL TV DEMNERL—TTHZ VI IIEN SRR — LT Y R=ILDE
HIZEEHL, X5IEA « FAN—LDEANCETE - 7203, HENLZEBR E2RNA2ERD
EB % KD 2 121%, TNEMNERL—TOESL LTRDZ EDIE, (3.9) KRLEE
F e BNV DFEANEE - CHET 2 HENICKTH 5, T, KETHMNETRL— T DE
DGR E L TV, B3 LBBHHRRETIIRVWSTDH S,

(3.9)

3.4 BROESMS

XODTHNGEERN—TDIERWSE, EBALERELTEIS, /2L, ZofiX, &
FHNCRRHE R DT, ARIELTD 5o THHEDRW,

(3.2) BRIz kD12, MNETRL— 7 e /MEAIEEMiTch s, ChERHALT, 3
WM/NEAOWRET M X 2WHEZRD k5, BMEaE, RS, KHEE AS ofiRVWIEIR
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¥ LU, BIICIEEDOHEA Qm & —Qm ZELTVWE 2 L LS, U EH/hEkx7 b L,
BB & CEMMHOMBERSZ MLz, o +1 e 35, 2B, BEHORELERE V) %
37z THOWMIZr —a Y522 DT, WHIXKD X512k %,

B_Qm < r—r = or—r
N |

4 \|r—r U3 |r—7'3

ZIZT, MUMNEAE TSNS T3, oF Db, AS BN I LEMREE Z X
S, AUDHETDO I, r ICXBAMODEELTWS, 72750, N7 ML EERE TEXT E
NEBOWDTTHZDT, Brob LRIV ETHY, XKRNE2FHLTEET 3,

for' +U) = f(r") =i(fo(r' +1U) = F,(r") + -

Of., . Of.
(a /llx 8/l:; >+...

=il -V fo+--=U-V"f
VI ) DT W2D1, v 20522267,
ZOMRIIRAD X 51Tk B,

1

_— . /

r—r
|r — /|3
72, p,,=Qunl TH3,

B, H%, BREFLLHELEVWED, R (34) 25@5NEME, p, = Qnl —
o KAS'l = g IAS' = pom ZRHA LT, ERXZEEHBZITEBI S,

r—r
B = Z—i(m . V')m

Z 2T, BEMICHENZ P2 THEONSE m %, BEKRE— X2 b (magnetic moment)
YIRS, fHODICr =02 LT, ZOMBHEEZETT I e X0 Go0 5,

(3.10)

_ o 3(m-r)r —mir?
47 rd

XT, ZOHBEHWMETNVDOFERTH 2D T, FENEDH 2D, BEEDOLRNGETH S, EIRE

FUDEZ L, WIZEEEED 203, FEHDORWGTH D, 5T 57-DI121F, BmEIC—k

RHEEBINT 20BN D5, ZOETIILVTIEIHMIISHHETH D, FHERETERICE N,

LTW3DT, BIMTXREFIGIEITAVXEBTEZ SN kD, ZOME, Fik

{, HEEEDD 2 M/NETLV— T D251, XX TEZX6N2 iRk %,

(3.11)

_ /
“O(m-v’) r-r

= mb('r—'r’)

|,r _ ,r/|3 + 1o I
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Z T, BIHIZEMMAICA S BIHRO®S, 5 IHIE, BRMD O BRI HID 5 —HEs5
Thb, ZO—FHEERTDIZ, B bL(r — ) LW UIZBEBEMFE->TW3, ZOBEK
&, BSOS ERGA £ TEB MW TZ Y, 1/AS OKREXE2ETI2HIRT L XBET
H5,

COHEIHIZOWTIE, HEZTTEHEL, BRXHEHLDHTHVWI 1D, mRT LXK
TRIZEWTES, BB CHRBEEZHILZ DRV 1Tk ehs, BHOMKEED X
pom FFWZIHT2DT, UTDOESICEH TSI N TE S,

B:ﬂ(m.v’) r-r

ir + pomd(r —r')

|r —r'|3
B, 2B ER (2.10) 1k, Z7—uryBo divIcEE#EZI 522k, Rk
IIEXHZ OIS,

_ ! ot
B-H (m.V/)L_m<v/ u)]
A

lr —r'|3 '|r—'r’|3
grad(A-B)=(B-V)A+(A-V)B+ A x (V xB)+ B x (V xA)
DRRE mDBP—ETHBZL, o, V' x[r—r)/|r—rP=0%FHAT2L, XD
IEFTE %,

Ho ’ r—r
B=—-—— —_— 12

BHDDICr =0 LT, ZOMPDEER2FTT2L, XKRD X511tk 3,

B=H

 4r

3(m-r)r —mr?
5

+m(5('r))
X (3.11) L DEIF, FARICH 2TV REKIZ TR 5,

X (3.10) &R (3.12) OEEB -8 2012, WICEHNS (r—r)/|lr—7']2 %, a <
Bm®ﬁﬁmﬁmtmr—wy¢FT7FIﬁ3&5%&%%%@21&&50:@%ﬁ,m
%@%d@mﬂﬂmdwBr—WVVFt7?:E§]tﬁ%o%%m,H3JK%?£5K,
WE DIE2HE, TEA TIXZER USR03, FRAfHETlE, BiEEHEDH - Tl
RDRBWGE 2D, BB WZEEND > TRBMOBR VWG R-oTWS, F/z, MEDZEIXa — 0
TTLVREBOD p,, G5, RED, BIEOBIIEN > 2TV XEREMZ RV, EIR
ETAOHSGE LTEBNLLWI &Ik 5,

22T, FAMEOMEER M2 oI, WMok B CHAET - 7205, KD &
I NEEGTTH B0, KDEGRTAXEHMETNEMHS Z L BRRETH 5,
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B ET IV ERETIV

PR N T T 7 P = S ] — AY A} T 7 - —
—_— - NN A A R A .__‘\\'\‘\\\ //////'_——y
22— —— 4 <X A 2 =< X 7 o
PR ESE EPERE AN A /_/,_.\\'\\ ///,»_,\\
VA = o~ S~ N N NN ///,'\\\ /‘//\_\\\

0 A /4 LYY VoV VY 0 /,///‘—\/\f ‘f\/—’\\,\‘\
A S O N A A A A VL VN T A7 ] ]
NN N NN NS T e ey oy oy oy \\\\‘”// \\'\*’////
NN N N~ \\\_,,»/'// \\\‘\‘___///
_2\\N_,,./// AN -2\“_”'///f VNN -l
. > o AU N N _,__./»//'/'/f \\‘\\\\4__‘___
I A BV Y A | AU U N N I _../»//'/'//f \\\\\\\,_
-4 2 0 2 4 -4 2 0 2 4

X 3.7 MELAOWAET L BERETNVOIEISG B 2 EfE»5H2 (a=1),

X (3.11) ZEATORBPREIZOE RSB REB L TWED, 2 raTETIu, i
LEIBFHATEL2X51CR2DTHS, I (3.11) ORHEHEVWHEE 2R >TW5,
FRzRDLe T2EED¥E a DERET, dS ¥ BOWEEAREEZIELTAZ L, 27

N, ROXSLREHRIELIR5DTH 5,

das - B—QMOdS;nCOSH
T a

4S x B = 0 3m 4g
A a3

72721 O IR DBHTEA T H %,
2T, BA0BIRR 311) o g L, BRAETE, —pom/dna® ¥ —ERZ b

BEZ DL, Wb IAMMHELRT S, Ihe, HMDDEERRLOBHEET L E
RE3T0TH2, X, BRETNVE LT, FEkIC, BRNZT%E, 2uom/ina® O—ENY
MUGICBEZ 2, ZOHEIEVE2 8 ZAHBDHEEL, BlEED D FEL L OS5
biLd,

ZDZDODEDFEZ, Sugm/dra® B0, THEREED T L, uom 2R505,
ez, TR pomd(r) > T2 Z e DR TE %,
ZOWEDIES D, fBHREE L TWED, ZhsOMO diverot 2 %k, MHi#

P RCHEIRICR 2720, DX RHIZRLI=ZDOTH 5,

XC, X (3.12) THRAOLNIMNEROIEL WS- T, €4 - Y N— LOERIZE X H
TIENTE D, ANCDBRNT XS, EEOERLV— 71X, Zov— OBz 75HE3
B2k b, BEROMNERNL—TOEBICEXMMZ 2 DARETH 2, OB, DEIX
NBERICE, RERERL-TICHRNATOID LA LE RPN T VDD T 5,

Z DGR, Ee@ Bl — T DIEBHHIILT D X 51272 5,
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ol , , r—r ,uolj{ ,  r—r
B=-"/[(dS = d —
( xV)x|r_r,|3 ym rx|'r—'r’|3

ZoRE, EF - HN— )l«a)/fE'J (Biot-Savart law) DD HR-oTW5E, 2D LI, W
INETRNV—TOIER RSG5, BA - YN ILDOERHIZEL Z e B TEZDTH B, EBIC
B —TDEZ SN TV ARG ORI R, ZOXTHETLZ ks,

ARENR UG RIE, WEETANEBRET NV E EINRLZ>TWENTHD, fmx s A
X, R (EEICEIBESE—X Y M) OWGEIPELRZ ZePHIBA L, L oT,
KE—X Y D6 HIRERERFTICBT AWGICOVTIE, WIh 2o THHEbRnwZ 2igk

50 —1, ZODETNDOEMEETEITIIRT DI, EEOWE»OZITF 2 DODETIL
DINTDOWTHMEEDREL 725, Z DHamIEPRHRD 8.1 fithINnsddy, R0 EA (#
BIIIWRE— XY V) OERDZT 2 N2 08R D, KEMQZXEE 507 V2R
LTHEnWZricks,

3.5 BHEKS

EHEMIEENDE e kAN, BRELV—TEHET 2, L2L, F v ¥ XAHih
AL BTN D S5 AT T WL ED 2L, V=2 LRV, Zo5E, ERZEA
EATREBEINTVLDT, —ETIRRL KD, 25 LALEMPERIENT 255%, Y
(static) 1AL, EBY (dynamic) &FER, ZOHENIHIT7 & 5 REINREGEICIE, ERIEN

EHUCIR D Z e DBBHEDTHS, $HLHBIeIFEET S, X (38) IWRLET VR—1LD
MFE D DIERAIT, BAIRR C 2D 2 L AE—RICRE 2 DI, GHOMEED X S OESTT

TELTLES 28R b, BIZIXS DF v 8 XMk 2@l s 258, BSHIFEL
THELIF0ICE->TLEIDTH S,

ZZTT7 UR=ILDFEANAT S D DFTERREEL 722, TRV 2 VDEZT=DIFRD & 5
BMIETH 5, ZAUINEBIRERICHIEEZMNZ, #EHICLES VW5 bDTHD, &L
B OEGREHE S, B SR 2 BROBINE, ZONMOBER OB 25 EH 25,

0
jédS J = —a—?
HLAD Q %, HYADIEA §,dS - E = Q/eo ZH\VY, E OHMMIEET 3L, XA

bib,
OFE
idS~(J—|—€o 8t> =0

DF D, JRERERICKESTD, J+cg0E/0t ZHEFHRICKREZDT, INET Y R—ILDE
HOGHEE S L WO MHIETH 2, ZOMIER cg0E/0t D Z & ZZUER (displacement
current) ¥ WEATS, P10 DEARD ETIXEZ IR VDT, BAREMNERIE IR L5,
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ZDORDOWMDTEIENN 258 D BFRESGDZER (current continuity law) & PRI,

dp
divd+—=0
v +8t

ZTC, HURADEROWAEEE-T, eodivE % p ITHEEHZI TV 5,
Z ‘h S ATz 207 oR—)ILOEESER (Ampere surface integral law) DFETTE

RO K517 %,
E
deXB /dV (H0J+60M08 )
g ot

D% b, PAMMEICIH - 2 BHEfE S, PAHEICH £ N AEN O BT & ZNLE RO R
5EVWSEMTH S, divB=0DIESRIEDLIRNDT, WHIEIKET DL 2 A THAD [
RHBRWETHD, BIREEMNBROFET 5L TATDA, BHEDADFEET 5,

% NAEHRE D OEHIC X D rot B OFEREDICEZ 22, XRABELN5,

/dV rot B = /dV( OJ—i—souan)
A ot

Eroilszid3 3L, 7oOR=IDENDOMAA (differential form of Ampere law) 231§
b b,

oF
ot

Dk, EHORMANDS IS INIETHEL R LD, WHSRHEZS % & EAEICH
3277 77—®0O&ER (Faraday law) 12k D, EHIEET 3, ZOHEAELOHIICH
S TR DR EZIC BT 5, 22T, BT HEOEEET TR T L, RO X S IHiE

THERERD B,
%maE——§/¢gB
o ot

Rk — 7x®ﬁfﬁ¥§cdr E = deS rot E ZFH LT, ERXEWDBICERT 2L, KD
L2125,

rot B = pod + eopo——

OB
tE=——
ro at

DT 7 ST —DEBMDOMAH (differential form of Faraday law) TH %,

b XSz, BRERE, ERHEERDHD 525805 2 ilkhsd, —H, HEZRX
ITHBN, RDEIWCEZD L, TRUILEMTH KRR S, BHIEIKITDE Z AT,
FMBEEED RV, BERYDHZ e, EREZEZTIHEZRD, WBOZELH 5 &, [Hinzi
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CIHRER 5, BHDBRETDE ZAHTIE, FEHBEERS WA, ERLNDH 2L, HERzE
TR, BHOEMDRDH-TH, Bz ITIHE RS, 2L, HARZEHTIE, Z
NOMOOBEREDHETEZ ZDBZVDT, TDOEIREZNE, BHKFEOEMBRIIL -
T, EbOTHEHTDH %,

ZETIZ, EAFERE LT, OB EWMATEOMAZ R LD, XD THAEEZRL T
BIZo5, LTOWHIRIE, 72X 2 ApERE LT, $LHTHRE ZIZEYIAVT
LA (Maxwell equations) W95,

1
divE = —p
(9B
tE=——— 1
ro T (3.13)
divB =0 (3.14)

OF

ot

~ 7 27 2 VHFBRDOERZ, ZhrodU0RU0RHATE, 2oztiz, XFTIHHIT

DX Y O50WDT, L%, IEZ divE &, rot E R, divB X, rot B REFERZ L I2T %,
M EBRRz~ 27 29 2 v FERICA—L YA (Lorentz force) DRZEMZT=d D3,
JEDHAFTENTH 5, B, EEGOEANE, divE XZFHETHs Lzd0L, divB

ADdivEro720056 E ZHEL, Eo61I2diviot 0 ICR2 2 2AMAT2 L, 72725

WiEoh s, EAFERNCEEDRNI T 5,

rot B = /L()J —|—€0MQ
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EA4ET

—Rﬁweﬁﬁi

[I.IJIJI

yz FEHANTIEIIE T, o 8ATNICE LT 2 ERIGE, HEIDPERZEZ7ICR->TLE
SR Y. OO THEBRWZHEENIFONS, ZKZLIX, KEDORVDTOETRINZTDH
A0, RED, 7 AV 2 VORI L THr 6D, BANEHLZZ e v, HE)
mEH BV, ZZTHNT %,

4.1 BES

—ZIEO MR T, ERIX yz HINT—HTH 2, ZO%D, BABEMIROLbDE LT,
EDLDTHW yz HICHEA 272> — MROHEERZE X 5, THhD/ELEHIIANTEZS
ﬂéo

E:ij_{f x>0
2¢0 | —0 <0
X A MOBNRY L, £ o ZHAEMNBETH D,

CORKD. BEHROIELESIE. BEROMFET 2L TENER L R 20, 200D 50
BERMCT—EL R D, 5. D yz FHITHENZHEBEE Z LS. ZOFBNICER DT
ELZVWE, BRI ZOEBATEL R 22D, FADFETHUMEEZ L %5, L2AL, 20
TIRICERIFET 2. EREX D ELHOFHEICBY 2 EHICEEINELTL 5, ZOEIF
RXATHZLN S,

HBVENRT P HWTIEA & < E TR
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i (BE(z,) — E@®)) = —0o (4.1)
i x (E(z,) — E(z))) = (4.2)

Db (4.1) iF, HERPIERD 25E512F. RO XS IKEFTE 5,

i (B(z,) — E(m)) = % Yo

i, ZOEBNICIFET 2 IR TOEMEMA-REME 2, X512, HEMIDMEL
THET S L ZIIE. XRD XSk 3,

i (E(z,) — E(z))) = % /l dz p (4.3)

OO LIZZ0MEBNERE T, Wiiuct &, #EEliiHEOE LR Lo, EEND
REMRTIRELDTDH %,

R (4.3) &, xy KNS dS OWEREE T3 NS WEKT ORI T %, R (4.3) DL
12 dS BENF. X512 dS BHEBS BAANMS N L EHT B L. AT idS = dS.
TR —idS = dS B 30T, ZOREIKD & 5L TE 3,

> dS;-E; /demp
Vv

i=l,r

ZOHXE=0TITHB T 2K (3.1) &, WD THEMELEWZ AT 5 5, —RILDHE. div
WERT MLD x T DTS Z 8 B L TERL W,
FRC, X (4.2) BROXSKE T2 TE S,

ZORE =ZRTICBIF 2K (3.2) L OHMAMNED K {HEETE XS5, —RILDFA. rot IR
MLVD yz DD S Z 8 R EEL TAL W,

D% D, BHRKF TFERN L TORVIOERETH 2 HEDIE. —XITIZB T 2 B
72— b L7zbDTH B, =TIk bd L, ﬁﬁfﬂﬁﬂﬂuﬁ%)$ﬁ“ﬂiﬁ<ﬁb\ — VX EA
HICHR->TLES I, /oy TITEES EDX—ETERL. BAZ(LT 20 THEMRE
HIZR2DTH %,

X (4.3) 2 Az DRI OWMEBICEA L TA LS, vy=a. 2, =+ Az kFdL, 2O
D p ZIFE—ETHD LT, KA»HFELI 3,

i-(E(x+Az)— E(x)) = —Azxp
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Wir% Ax TEloT Az =0T, X»nEoshs,

OE 0OE, p

Z'%_(‘?x €0
D, ERTCOBEDTZ A7 2 )LD div E RUSKHIET 2 Z LIZHNTH A 5,
MR, 3N (4.2) BFRWEEBICERA S 2 2. XA 605,

_ OE  0B.  0E,
X8 T o +k8x =0

D, ERITDBEDT 7 AT 2D rot E RDHEHBIGEEITHIET R bHNPTH
29,

4.2 Belidin

EIRERIEES 2 ED 325, 2hds z MiFmciinsg &, x Mz X 5 ks e s
5728 yz HHBIZ =R WO REDPFANTLE S, ZD=o, BERERIZ yz TR LT
v, Z0d, J, d J, bED L IHETRIFNUIR SRV, 2 TEMER2ERE L
T, yz BN —EA MNP HEREEZ. e K 2 L X5, ZOMHERIE. FHEE
ED 3, EREBEEEREAADICEZ AANCHEL, UL FHEHNTH S, RTERIT X
DEHTB,

B=H

Kxt x>0
2

—-Kx1 <0

ST, EMOLELRLT LS. D yz FHTHENLEHREZE X 5, I DOEBNICE
MBFELZRVE, “KROFHEANEZ—EDWHS £ 725720, EADOHESZIIEEDNE TRV, L
L. BEBNICERNTFET 2 8. EAOVFHICE T 2HHIRR>TL %, ZOEEIXAT
HGzoh s,

i (B(z,) — B(x)) =0
i x (B(z,) — B(21)) = noK (4.4)

K (4.4) ED. X512 yz HAOBRHHE L THATL 2 BE0ORDHETE 3,

i X (B(x,) — B(x1)) = 1o /lr dxJ (4.5)

ZheoRy, ZXTEOBEDOR (3.5). BEUR (3.6) ZLICHIET 2 2L 8HLTH S 5,
5. TNHORLLMATEBELNS,
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6_B_8Bm_0

’ or  Oxr

0B .0B, aB
L e

IHhBEDRY. EXRTOHEEDYZ AW 2D div B . B XU rot B RO LIES IS
THZELHHNTHA S,

4.3 FNLIH

Ey it 2 5ER R, BIAIG I 3 RERICHIE T 21k, 7 7 97— DEWS
EBOFEHI <7 297 2 VOZENERZEDIUT IV, ZOTFEIZ. ZRCDOGEL E-7-K FH
CLTH 5,

77 77— ANS . K (4.2) BRD LS WEBEN S,

0B

i X (E(z,) — E(x)) = T

[FRRICENBREZ D2 . R (4.5) BDRO LS AN S,

ot
EHIC, INLDMIEERD D . —RILDHEDY 7 AT 2 VIBEABRBF 6N 2,

i (Bla;) = Bla) = o [ do (7 +205])

i OB _ OB _»p

ox ox €0
.Xﬁ_E__.ﬁEz+k8Ey__8B
t ox ‘7890 ox Ot
i 8_B_8B”3_0

ox  Or
.Xa_B__.aBZ+ 0B, I OF
0~ Y or g 1o T EokoTgs

CHOREZZRTICODI T, $EDELTALI, BIIT E, & B, KTHAT2KTH 2,

oE, 1
or 80p
B, = const
OF,
0=J,
+ €0 ot

E, ¥ B, i3Wo b LI > T 3,



4.3 L 55

OE, __0B.
or 0Ot
0B, OB,
o Mo (Jy“OW)
kIS, E. & By 30O M LA o T b,
OFE, .0B,
=J
ox ot
0B, O,
or Mo (*“50 ot )

HED WD —RITDESTDIETH B, Fiz. B 1I2E TV DDA T Ry
I RAERTH. T LIEMRREICN U TEBNRER 2R A S 121, — Xt FHmeD
TEATHEZeh 6. DA TRILOBHRIEZRBN L.
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ESHE

Y8 & E%

BRSKICHEZ 52 2E X, B, FEEK BERo=fETH»2, ZNOBFEET S
. EDXOIREEDND LD, Tl TNHZEDIIZHOINITONVT, #iHT S, B
Lde, MENRD->TH, BEKFOEAREINIMSED 520, FHIABMRSEEARIZ. 4
o EECHE T 525 . WERICEMPERIBREINDGD, ZOoWEFTOERMPE
MZ2VWBWBEHBM LRV EWSI UGN E, 2D %, HBADHIEL LTI DAL G H
5DT, FEPBETH S, —F. BRI, BEHICHHIL CERORNL2MEITHE0., 20D
BMIFER SN TGRS ND Z 220,

5.1 E{K

EB(KX (conductor) Y IXELHZ 525 ERDMNA2METH 5, #EDERTIIEFD
BB 20T 2 A% <. BHEINCHAIL TS, —BRIC LTI Hpl 3 2 G5
HETESLLIWICRE, 2FD. v = F/Q £725, TIZTIE. p FBEEERTIERL,
BEECMIN2ERTH L, LEDPoT, n ZERPOEFEEZL LT, v—LV YV
PE%%E+vx£ﬂ®ﬁMKmﬁQ%ﬁUéZ\vzde+vx£ﬂﬁ@6ﬁ%o

nQu=J THBZL%TERBL. 0 =pu,nQ L& . KEDEHEN B,

Jx B
J:O'<E—|— w0 )

BE., BFTEn EEHLDOTREVED, FEIHIIIE A DRV, 22 TRD X SI1kE
Hltcx3,

J=0cF

o 1IFEEZR (conductivity) WMEHIN S, 72 L. FEEREDOMEITIE n /NS L, HIH
IR TE T, R—ILBR (Hall effect) &I 2 BRUREICH KOS 3 230 BHN 5,
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ﬁ%mf—wﬁ%ﬁﬁﬁf%%i ETH, BERICX-> T, @HAWLEZT %, ¥HERER
NOEBEWGEEZ LD, ZOGE. XD T 5,

J=0cF

ZORDdivee b, EADdivd & —dp/dt TEZ¥Z %, £/, GHD divE Z2H 7 X
DIEHIDW I Z FHWT pleg TEEZHMZ T, FEDETEXXANELNS,

w90
i o o

COHEREML &, BRIEIWEZZLIATRDIDICHEL TV 223905,

—ot/eo

p=p(0)e

REREGHRRZ 12, BRPEDo TV KO BRRFLPRZIT. 20T, iFERMRHE
PRI /0 *%F@H#Fﬁ“éﬁﬁbfb\ KRR ZS, TOX5B3BRZFHERM (dielectric
relaxation) ¥ WEXR, FITEMIX. BEMDZVE AL VE ZANEIT TN DTH S
ﬁ\9&DZ;5®$ﬁ%%oZ¢EDZ;5“ﬂHTD<@T\é%ﬁ*ﬁﬁﬁ%bfh<
DTH 5,

L7235 T, TR D, p=0,8 LTI\, DF D, BEFIXEMRDORMEIZITELE
THLLTEV, DI, o THREVWE, J=0cF OEZR»S, BRO J ZZENT 57
DT EFRY e %,

BRI o DIFBICKRERMBTH 00, ZOFEBME—BICL ORI RS, &
Foo IDERICR 272D EPIFE ALY 0 TRIFER SR K5, Wiz, E=0%2{KE
T5E, ¥9. divE =p/eg XD EEROWNETREXADE LN S,

p=0

Z DFERITABERMORAMEL R CHEGRTD %,
TR IAV 2 VHERAD ot ERXTH S rot E = —0B/0t DA 0 & 7550 5K
HiEoh 3,
0B

a0 =Y

DE D, WEDRHEE L v &0 S BIEERKE (freezing of magnetic field) DJFEEHEH N
%, 612, v A7 2 VHERD rot B AZFEMI L72dDIC EX B O&KMEZRAT S
L&D, 0J/ot =0 FFETE S, 2B, BEREARPTIE B=0280L7 20, ZhiZ
EEIRIEAR DS L2 B 4KPT 0 DEARTIE R VW I 2R LTV 5,
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c=Q/S

rT QR
l

N
1
1
1
1
1
1
1
1
1
| A
1
1
1
1
1
1
1
1

K51 —D2ODIZuaREXE—XY MINT 29T b,

5.2 FHEM

3. FEM (dielectric material) IZBEXINCHHEOMEITH 253, BHEZPIT S L.
NEDBRADTLIBET 22 ILD,. 2R TREMHEDL S THHTDH 223, HBTHICIE
BRPFET DL OBMETH S, ZOXS BMRHNIEEM BB M ZHICLTEZS L K
W, BHORWEER, EEAE AEMISRTIEMICER-TEY., BRPE-oLARR
W, BHRENITLE, INOREERTOIDPICTMT 2 HRT 2, 25 LEBHRE DK
(polarization) . F&4E L 7-BEMi% 9MRER (polarization charge) £\ 9,

CorE, Mz dERMOBEREL Q £ L. ABEMPHIEERICAININT P LE L LT
2%, p=Ql *ERE—AV b (electric moment) W5, F7z, piZ ip(r,l) 725K
TR ZENT T, 2Oy LT pBEETES X5 L P =piL(r,l) Zot~s
fLEWS,

COFEHEEZ P LR LT, B 51T X501, Wik S o35, HELSP
TV HNLV, COMFOKEEZ V L2 & SlARY MUE. ZOMENZ T TE
QUV 723—EEe %Y, ARATIZ0OTHS, F2E27THITRLALLSIZ., T5 LA
RO—HERZ PLGIE, ZOBEICE DI, ELBMICIEOREBE DD, 2006 DEIX
QUYV = Q/S TH B, 171, ORI EBELS 50T, BHIZFEROHFEREL -
BOLBDILIWHERLTUILY, MIEOWHMEZRD 2 /NS T2, TROFEMDAE
i, zhzh +£Q ¥ #35*L,

FEEICIE, BEERICIE OIS BNPEEICH 2, Liedo> T, @E. o8I ML
(polarization vector) P &, 52D K512, ZNo2EDLbDITR 5,

LR Z bR, BT LS AEMD S EBMAMRD S BERTEHT 2 HEIIRV, HEC AN —BTE.
E%@&ﬁf%%b&mo
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X 5.2 DT VDR, FERTRLULEREBICOA, LREDXT MAEGBFEL TV S,

P=> Qilidr(r—ri,l;) =Y _pir(r —ril)

ZIZT. r 3RERE—AV b p, OFETE2HMTHS, TOERICLIDNS &, PIIE
DEATH D, IFLALDEIATOTHSD, FERE—X Y FOEAZHMIER L TOA
TREABINCKEREZ RO MUVGD X5 2R TH 5,

<7 BuDVEGTIE, BERE—AY FODOROINRZBRVEEDLRWEFHTFITs 2k
WED, boLELPBBRCTEZEDAREETH S, 20D, ZORDOMAEHEY] KPP
RELEETHRERT L. Wiz Z BB TRLTAX S,

1 1
P = V/dvzijpi%(r —ri,l) = v zijpi = n(p)

ZZT. n FHEMAEELYDDE—X 2 PO, (p) IZERE—X Y FOXRT FHFEHE
Thb, ZLDHE. pli. HI2EEOHFTHUMELZ L 22 2PZ20VDT, TOHEIIEF
HORBIEREL 25,

WIZEMIRAR Y L P 52N S TWT, TERZRDIZWIHEITIE, P DER»S
HO2REDE, KRICKDFETZ2ZeNTE S,

pp = —divP (5.1)

<O RIBRSIGOEE. TR T S VIE SRR Y MBS T, ER ISR ORI
DAFEET 5,

77—y DFEANCES S EHIE, RADEML CTEWEMZ BHEM (free charge) py
BEUEDMOKEREN 2 5THER p, DA THLEEM (all charge) p = pr+ pp ITEDE
BEi b,

1
(py — div P)

1
(Pf + :Op) =
€0

divE = —
€0

T DGR,

diV(&oE + P) = pf (52)



60 BHE YWHYEWYS

\4

A \ 4 A 4 Y A 4 A 4

Y Y

Yy \ 4

B 5.3 F v R EXANOFERICIBIT S 00K, EHOTANCRET 2,

DRPEOND, BB, pp, IWHICHMEI ATV S0, BHEBEMRICHN L., REER (bounded
charge) p, & dFEriLb,
KA TBREE (electric flux density) D ZEHT 5,

D:€0E—|—P
BEREE LS, X (5.2) FROLHSKHFEZET I TE S,
diVD:pf

ZAUCEK D, BEREEIIAHEBEMZEIHL, WMWIAAE T ERT MU THE Z D005,
Z L DMEHNE. P 23 o B IZHHI3 2 2 W S IS (linear response) 23 %, X HIZ, 7
7R EMERRET 2. RADHILT %,

P = XpSOE

ZDegE 1T % P OHBIRE x, 2. BRUERZE (electric susceptibility) W9, x, &
—fRICIER T D 3,
ZOHE. Db E T 5,

D = (1+xp)eoE

D ETHNT2 D OHAIEE e = (14 xp)e0 2. FEEX (permittivity) ZW 5, eldeg M
LtoE#r 5,

MEINE T 2R MR T, MEHRICEBEERD R WES, divD =0 2 k%, 2O
R, divP =0DHiLT %, DF D, HSHERIIMEHICER S, PREREIIC LB,
FlziE. B 5.3 1RT LI, BXHL, TR WEMEREL RO TERF v 8> 2D
Iz, B L FATIEA X D RREVFEREHA LGS, XFMEL D, BELEREED,
F X Y ZONETIE, BMICH L, BERRY ML kb, HHERMIMMEIC LATEEL
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ROVH, EMIIFERRIICOARET S, £3. DIFHHEEBHRO L ZATL, FE,
HBOSEZ SRS, DORKEIED =05 185, of 13, BHEROHBETHS, F
MEZIELTDL D =05 &%, ZOfR., AERDLRNVEMBIZZHETIE egF =D = oy
25,

—7Fi. HER e OFERPTIE, HFEERE e, =c/eg LT, egF = D/e, =o0¢/e, &
MOHMEITZZFPOES X D55 8 d, Fhoo FBERPOTHUI P =D —egF = (1 —1/e,)oy
b, PIXIFEERNT—ETHHH, ZBRITIEZEAR0 L2579, divP THZ oM 555

AIXEIR TV B2 %, D% D, FEARTHTHEE 0, =P =(1—1/e,)oy 755,
msaﬁﬁ%@@lﬁ@ﬂ@a?i%@?%ﬁmi\ COHEELE —T %,

BB, of ZEELT, e, ZREL LTV &, DRBELERWED, EZFFEERPTIRIZ
04D, BLALEBKRDO XS LHEEZF-TL %, 2D%D, MEMEOBENMNEIZZHDT
Pigd s, MICBMNEZBEETIE, OO TZROEHBEMEZMODZ B TEL LI
Bb, ZHWFwINTAR (capacitor) DJFHETH 5, F v > &ZA>T Y (condensor)
EHMIN S,

KNR L7z & 5 BiETIE, FERDREAE dg. ZOMOZEMOEALRE d, £ T 5L, Wil
HoEMEIXATEZ 665,

b= (da/er) + dy o

€0

F/o, BAAEICN T2 HHERMDLLZ F ¥ /INO RV R (capacitance) EFER, Z DS, Bl
HES T2, F¥ VXV ACRERARRTEZ LN,

608
(dd/€7~)+dv
ErMREVE, ONPECAEAEIATVWE, XHIZZDMHEANX, d, VR WVIEERRINTH S Z
EVRNB. dy = 0 DMRTEZ S &, C =e,605/d, xe, HDT, ¢ —ERDBIE Qf X &pn
if\_ Qf_‘ﬁtﬁgbiéml/gr 27‘;50

C:

5.3 HEIEIE

BEME(E (magnetic materials) &, FHADPEFHL TEVWZ-BHER (free current) LIFHZ,
MR O NETRNL— T DH 2 K5 MEITH 2, DX S LNERERBPIFIET S L
ZH{t (magnetization) &R, BEDKAIIFETS % & XA D FEREIC X - T
AN D L XIIERERICR S, ZOBEBOMNERL— T EBILER (magnetization
current) £\WH, ZDr x, BlifEE I. V=TI VHERLEEXR P2 S35
. m=1S ZHKE—AX> bk (magnetic moment) ¥\5, 72, m Il ig(r,S) R 2MHIR
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TR ZENT T, COHBE LI m BEETES L5 L7 M =mdig(r, S) 2t
N7 MLV,

FEEEZDLEC LT, B5.4 1IR3 X512, EX IO T2, HELP TV DA
NV, ZOMDWHEZ V &35 %, bR MLid, ZORNZGTE ISV %5 —E
Er72h, WATIEOTHD, F2E2THTRLEZEIIC, 25 LERIKO—HERT F L
. ZORACEAY HADEEEDSDH D, ZOEIZ ISV =1/l TH 2, RDODEZZRD 72 <
T B, ZOEEROESHROMEME, T L5,

FEROWMERIZIZZD X BN - T BB DH S, Lizho T, #BH., BEXT ML
(magnetization vector) M 1%, B 5.5 IR FT L5112, ZhH2EDEZHDTH S,

M = ijszdg( T?,, Zm255 r27 )

ZIZT, r BEEKRE—XY b m; OFET 25 THZ, TOERIILEND & M IFf
BOBEBTHY, IZLAEDEIATOTHSH, KEL—TOHTCH L TDAT VXK
PN R ERMEEFEORZ "GO XS BEETH 5,
<27 BDVIETIE, BRE—XA Y FDOOROIDRI L WEED LW TEIT3 2k
WCED, oL RMERICTEZENARETH B, ZD7/H, ZDOROMA%Z )75
RELAEECTHRERD L, W%z ZDHRETRL TA XS,

X 5.5 WbXZ7 SAfl, FERRTRLUBIRFEEICOA, ERIZEDORT PAGEBFEL TV S,

2L PUE, BT LB ERL— TSI L SR - FETERT 2 L FI RV, B ZAERL— 12—
HLTWUE, FEOE T bRV, LA o THICEFHL— 7PN TVWEIEEbEbA L ERTE S,
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:%/dvzmzés( 7‘1, Vzmz—n

22T, n i FHEMAEY 7D OE—X 2 O (m) IFSKE—X Y FOXRT PLVIEEE
ThHd, Z2LDHE. mid. H2BREOHPTHUMEZ L 2 Z B2 VDT, ZOHEIIE
ORI AEY 5,

WZHERZ PV M 2352706 Th T, BLERZ KDL WHEIIZ. M OEED) S
LI, RAUCKDEIE TN TE 5,

Jy =rot M

<7 ARG OGE. TR T PVITIEODRANT MG IR 5720, BRI EB O
DAFHELET %o
WEDOH 256D~ 7 A0 2 VO TH 20, AHERR. WEERINC, FEKD.
IO 2 2 B OBE) S BRI 2 3 EGR (polarization current) J, 2§ I L &%
T BREND B,
oP

o=

LT ThooaetTtds2ER (all current) J =Jp+ Ty +Jp 250 7 ¥ R—LOEH|
WHEHOLK WG RET 5,

(5.3)

oFE oP
rotB—eo,uoat =po(Js+JIm+Jp) = (Jf—l—rotM+ (,%)

BB Iy +J, 3WECHEEITWS -0, HHRERICH L, RIEER (bounded current)
Jy EbEIrNS,
FRoFER,

1 0
rot (%B—M) —a(soE—l—P):Jf (5.4)

BEoh s,
KN TREIBEE (strength of magnetic field) H ZE#K T 5,
B

H=—-M (5.5)
Ho

T2eE RDIIICHLSEEMA LI LHTE D,

oD

tH =J
ro f+ = ot
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Z L ORI, M 25 B/pg KHBIT 2 L WS BIBPINEEZ T %, S5, v 27 nTHHZE
HelEST 2 . XKADKILT %o

M = aB/ug

Zo%E. H b BICHAIT %,

H = (1-a)B/puo (5.6)

ZD BIZHS 2 H OHAUREDOHE 1= po/(1 — ) ZiBHER (permeability) &9,

MR DG EIX, BEINC, STHEERID D, ZOOMELIWGIC X D BMEERIFHE
SN, ZNDBEHEROIE WG EHRD L VWIUEGEE 5 ZeRE L, ZHARMNIGLT, ¥
T HPHH, ZHAIZED M »FEIN, BOONTWEN B Ths e MET 2, 207k
., HIZ$ 2 M OEHRE ., . BREZE (magnetic susceptibility) W5,

M =y, H
THBHDT,
B/po=H+M = (1+xmn)H

BEALT %o 2 (5.6) LT B 2.

«
1+«

PEOND, BE o lZEBLDT, 0< xm < 1 DILT S, 72770, REBEAEREZN 2
BT, —1<a<0R288E2D. xm <0DMILT 5,

TUINE § 2R MR TIE, MRHICHBRBRDA R VWEE, divH =0 2483, ZOf
B divM =0T %, 2% b, BHEEREMEHICEN S, FPREREIC LB,

iz, B 5.61RT X5, Wilic L, +okES 2o a4 v fic@hrhiz#ilEAko
Sa. MEX D, BGBOHEREBE D, 4 VX7 ZOWNETIE. a4 VHREIDIZS ZHI N
7 Mvesb, BHHERIEZIALOHIZ LR TRV, BEETRIIBIEARRENIC D A%
55, a4t aEVe, af VOG0 5D T, HHEREMEITVWTH
2 HOKREXZ, a4 LONETHHBEROBEE K; e —W L., H=K; £%5%, HlE
RISRT & D105, ZOME. MtEADRVWa A VO HHZEMTIE B/ug =H =K; &
755,

— )i\ B p O TR, HERRE 1 = p/po € LT B/ug = prH = . Ky &
HEHZERHO B Kb 725, 7. BEEP ORI M = B/ug — H = (u. — 1)Ky 27

Xm =
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5.6 A NVNIZEIPNTBIROBMERICE T 2LIZ. BREER TGO TRz <,

%o WLEIIE rot M THZ 6N 50, M IIBMEERNT—E, ZRITIEZEAR0 L5729,
HRT V2B 725, D% D, BMHEAKRE T, BEE K, =M = (u, — 1)Ky DHEHZFB.
HHBEREFEUCAMERBZRT bLE kb,

K¢ ZEELT, p ZREL LTV &, HBZLLRVWDT, AT Bldgbd T
RELRD, 2D, MUHHBRIIH L, TOOTRKREIRBRZXNSIEE I BT
%5, L. HHEMRZZLZE 2. RERBRE I GON, 77 77 —DFEANCK D, 2
A IVIIHHTII R X RBELEDRET 2 Z8I1TKR 5, ZHBA AR (inductor) DFHET
Db,

BUR L7 & 5 ZE T, AW EZ S, € DOMMOEROEEEZ S, 35L&, 2
A I E N THIBICIFEE T 2 2RIIRAD X 512k 5,

® = po(prSm + Su) Ky = po(prSm + Sy)nl

72720, nI3HA RS-0 OB, [IFEREZRNIZEBIRTH S, aA VI ZOWHEE N BE
WTWA DT, BRUCEHR T 2WHRIZZD N =nlf5r 2%,
HHBRION ST 2 2RO A A U2 > X (inductance) MR, ZDHEDA ~
RI7R VA LIZ, XRATHZALNS,
NO

N2
L=— = 110 (kS + S)n*l = o (pir S + So )T (5.7)

e DREWVE, LBEALCABEZTW IR D5, S, —» 0 DWRTEZ S, L =
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X 5.7 KA DWEES . BL e R CITANCHELET %,

prftoSm N2/l oy DT, If —EROE P o pipy Tl ® —EROWE [ o 1/p, 725,
Kz, B 5. TITRIKABEAZEZ LS. KAKATIE, BHER?Z TS, #tofF
ET2METHZ, M IIHIGL T, BEADOHITEIZ, BLERI RN S, Z OWLERIE
WG EZ B, WLERNBY L /4 FEERLTWEDT, X2V L/ 4 NOIEL15
E—HT 5, BORIRTHEVE, AEREIIFIE0 &k b7D, HEREE K OfLE
TG L7213 B/uo = K 25, YL/ 4 FNEICESR S,
BOEIDELR->TL 3, b BImd S e, H21RE, TE5kD, 7V
R=VOIEAIE D | NG, 205, 59 8-> T %, WERBGOREIX. —R., K
FS5THBH, —HS B/ug =K BV L/ A4 FOMHPLMETHEET 5L L, 2RI, i
MR FEUR Y U ETRFRCHE T 2055 28X, FHEREE 2 5*3, ZOUDFEE, A&
(3.2) HiTIT o 72WhA & BIROFEMMEDOHER R U TH 5,

BHREHE D LRSGHE H ZE8A L X207 AT 2 VHRERZ, RLTBIS5, 20
26 AKX, TTIWRLEDDTH S,

3 KA OWMUCHEGT 25 5 & U TR SN B5E. 5&72s S Bz e 134 53, AR A -7
bDEILB,
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divD = py

oB
rot K = ——

ot
divB =0
oD

tH=J
TO f—l— o

5.4 E-H M5 (Q-Qn)

R, (5.5) #FALT. WEOBH 2L 20 AHERO B % H THERMATHLS,

1
divE = —p (5.8)
€0
OH
tE=J,,— to—
ro Ho ot
1
divH = —p,
Ho
OF
tH=J 5.9
ro ht+Eo— ot ( )
=L, HE. P, =puoM 2 LT, RDXSIEHRT 5,
P =P+ Pp, pp = —divP (5.10)
oP,,
Jp=—""
ot
pm = —div P,
P
JhZJf+Jp, JP:aa_t (5.11)

D55, J,, ZHAR (magnetic current) | p,, ZBEE (magnetic charge) LR, Jj I
BRI T Wi n, H EBIfRLTWa 720, HHIVICh BEREMI S,

RN (5.8) 2263 (5.9) 2/ 2 & MWD THMMEN KWV, 7. BHER pr BLXTEHHER
Jr z2BR< &L X (5.10) 2263 (5.11) D THFMEDL K\, 7272 L. 26 DR THADF
E. 2 (5.1) BXOR (5.3) OFHBTH 5, KB, h BRIy, ZECERLELER T L. W
{CER Jy P ER D ICEFEELIQLNETH 5,

B EZED DT 7400, WBOER Y LTERIEA SN TES T, MAaDsIF%Zi
BT 272NMCBAIN T W, ZAUSIEER & OFLIED SR EA I Nz 8 WO HEDN D
%, THLRROMIMED K& 26, 20 E-H Mibe M 3 EXEFERTH o720 Py, 13
WIELOEDERTH 5, BEIE. WMAHROBHI TR TERTHL 2 INT0WEI L, EH
2. BIETCIHRARTREA D20 2 1D H 5 Z & HXERINCRIENH 2 22 ¥ b, R
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HETHHIN: E-B b0 EMBERTH %, B, E-H METIE. D & B 230 S
%, ZD72®, B> THREE (magnetic flux density) & MEEHTW22, HEXHIC
T & MRS

5.0 BBEWIZDEE

LI, WL O DEERIGOBIE R L TELDE, ZhoDFNE, 1FL A YRR, SRR Y
W 72 ZDDTHIMEDE WD DTH o7z, XFMEDE W, BEHOLE I Y X DIER
DMEZ S L. FEGOHEIIET Y R—IVOERIDEZ 5, L L. —ROEBSGDOEHTIIE
2T,

ZHTE, EXONEHTOEMBBZHET21CE. CoXEZED LS ERXI VDT
B35, REITE, BREBSOFHETERCOVWTHHAT 2, B THhs ., 3. KM
WMADITRTOLRZDT, ¥27 AV 2V ERNE. BLCEBIEL, BERIIH 25D
T, TNENHILICIRETE S Z 21Tk 5,

WEOKRNGEDOEGFIE, 2% 0., BHPEI 2 e R HNICHEET 25E1E. EHE
7 —a YDFEMZHOWTEMPOIRETE S, AFIRLEDRWHITIER, Yy ADEHIZ
foTERERDTVEN, 25 LIMEENTE DI, BRIMANERIR, PR, FEKE
Vo 7o FMED K WHER T TH S, —ROBIKTIE, 7—u v OiEHIOFERIZ - T, &%
FOEZE R Z A 2RIk TIHE (7)) 55 LrRV, BEOHED. MHED X
WIBEIZIE 7 Y R=VOERIDFATE 20, —ficide st - 3= L DIERNC & 2 B0 D
E2WG%E, avPa—RIZXkoTINE (BE9) 35 Lk,

WENFEST 2. ZNSDFMEIE—EHE L 725, BEHOGA I, B FABERIER
T %, FIFERIIFELDERBRKOFBBARE LTRSS 2B TE S, L, BKIITERZ
TWEIELZENTES, 2Ok, FHOBEBXEDED, BERSKTIELRS WV &N
ML T %0 —H. iABATIE, FHEDEBREDZEIZO 2R, WItUuIE X, WFES KT
R, AV ROFEBEFHTE 20, —fOGAE T Y Ea— X ERHEE X2 2B450,

FIHIREE, S F DHEORHEL LTIE. W OB TR > -BOEHEMBEZ 5
LB D, m<0#®%w® BUDBGZ N, TNODEETHEZenEZW, LrL, &
NP2 5N TVWAHETH, F3EKRLICHYREOHHEREREST %, LT, 7—n8
y@&%%ﬂ%bf\éwwa%%ﬁgﬁéoL®¢@®J#m%1m BIRMICES DK -
7=H$ 5,

ZDRITEORER, BROENM (¥ ZrREEOENM) PABEEDOHEICIX. HHER M
FE/HIE S %, BARNTEEGDI R > TV AIEEIIE. BEO AN, BRIBEIZITS, £
BIRTHETELGD D 25512013, ZAUTHBI L THMmARZ bLZAER L, 20U X 2018
A EARRIICENT 5, 2 LT, 2FEMEZMoT, BHTHIRE T2, ZhziibhiRsZ
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T, PORLUAERD, KD 2HES 25, ZOMEOMLGIZ, X2, EEOERMHIBEH)
LTWoT, HEGHHEETI2BEDS I 2L —aryZDdDTHS, ZOMITH, WD
POFIEPRBINTVWED, KEIZE, ZZWCERZHDLFRICEERZ L TWS L HEL
TEWVWTHA 5,

WEOHEIE. EEREOHHEBERBEGZ 6N TWA5E @@KAZT%D AR DY 5
ZABNBZEIRIFEAER Y, RICHZWIED G 2 5255 . HEGOSL D FITHET T
AREITAEIV, BHERPGZONDEEWVWoTH, %%W®\ﬁ%ﬁi1#516ﬁ% e
BRVWOT, RIED. mild. BHERZEERNOBEY)RMEIRET S, ZL T, 4 %
N—LDFEAIZHWT, 2ROWGZHE T 5,

CDRITEOER, BARNCBGIRZGER,. a—L Y LD - T, HHERONE
PERNTEENIT 5, 72, BIEEROMNE TR, BEIGICHEI L TRIERZ ML EER L, Zh
WX AL ERE WIEARREICER T2, 2L T, £FhirH-oT, WHEErHIAAE TS, oh
ZH#EDIRT LT, PORL MR, KD L2 5, ZOFBEOMITIE, 22, FHEE
DBERBPBE L TWVWo T, FHEGOHEEST 2D I 21 —2ayZDbDTH 5,

MPoT, AV a—RPEIRICRP 5722 A1F, B A FOIAATEME 2 BRSO FikD
RBEIND, BRIV 2 —XDPHIMICFICAS KK FHE, 25 LRI, &
LAY, EBRIEETWAHREI I 2L —2arT 232 8T, MENZ X5 R TWD,

7B, TODHOFEE LT B WHORDODIZ, AATF—=RT7r v, X7 b
RT VY VEETET2FEND 20, KEMWIIEZ, 22N EzbD e, RELREIEZRWV,



Rr>oovil

EB - BHGORERICHEL T, Ry e WSS ESL Nz, BT HEVPHFEI N
BETIE, LA, ZORTUYIYADIESIBARENTH D, B - BHEWEDOY A4 XHK
ELRoTERLERXRIZFHNRGTHI2EZLNTWVWS, RETIZET, &Y - W5
DEEPSRT Vo ¥ VOEREEZH T,

6.1 RAF—RKRTUIvI

iES OEARTEAZ, div 2EHEEICHAIT 2205 e, rot 2501225 W5 AT
Hb, DB, BRED rot 23012725 LD Z id, EREOPHIIKRICIA o 7-# &S ORE

BOLRDZIEEZERLTWS, AR LICZRZ e D, HOBEZ oL TAD L., Zhth
DEDIDPHNCHFESDORELLZF CHEICR 2 Z D005, FHOBEEZREL TATDH,

COFREBEIZOLLT. LrbEESINLETEIEMLRZNI 25, ZOEDERIEH] DGR
EHELLR S, D EoMR, ZAMZEIHIICH > #ESORET . oo 3 —
EWC3 %, ZHOD 2 R LT, SRETOREY E OMEDZEITL. 22l
BREELI-b D%, BERT VI ¥IL (electro-static potential) ¥\ 5,

¢:—AmnE

FRRART Y vV ¢ IIGADIRE S EERRELZZ DD, H2ETHERLZRD 75D
—DOTHH, AAF—RT> ¥ )L (scalar potential) & BV S, RDHITRY hILRT >
X NEVHIBEREEAT A, ZREDMIT, IR, AAT7—KRT7T T r LRI LI
35, EXEM/NERRCHLEHT S, XD X512k 3,

dp =—(Eydx+ E,dy+ E, dz)

Zhe ¢ DM ORZHET S Ic&D. E, REDPBFOLNS,



\.ﬂcj: Xj] 7 *—i&ﬁ@/j@ﬂ@m;m grad %O) %) O)’G% 50
E = —grad ¢

INSHDORIK, ¢ DS E Dz RD BB, HHTH 3,
WiAD rot e %, X (6.1) ZFHL T, XAGELN 5,

rot B =0

DED, ADT—KRT VI ¥b o FRAVWTRIN: E BEHEDORWIGICK 5 Z e SR TE
9, BRI T—RT Uy MiE, ZOXIREMRDIZNED rot SHBEIIC 012725
EOBAINWMETH %,

AHT—=RT VI ¥ ¢ TRENLES E ©. 5D div DOXANAL X5,

div(—grad ¢) = —
divgrad ZitE 32 & HiF. XAELN 5,

2 2 2
R TS =
ZoRix, R7Y DR (Poisson equation) ¥ MIINTW3
BRI p BHISNTVWB E EWZ, ZADDAD T — %T//&w\ﬁ¢% EHERD 5 Z
EHAEETH D, 3. HEM Q DIFE2ARAIT—KRT Iy L 2RkDZ, [AEMDIESLES
. Z—m Yokt NS 1/r? KHHlT 2B TH 5, I EBEYRENR (ERZERE

BIR) ZREMECLTr $THEHPT 2

Q1
dreg T
Ik o—AOYiRTY ¥ )L (Coulomb potential) W5, —fic 1/r WZLHIT 2 KT >~
rx k. 7—OYBERTYS )L (Coulomb type potential) W5,
RICERMIAH p DIFBDAN T —RT U2 Ve EZ S, ZEH2BEDOHIZTEI L, &H/ME
FENOBRDIEZ AN T —KRT 2V 2EZ5, EROQ Z dVp ITEZELZDDITK
%, CNEARILED DN, DEFMDIEL AN T —RT V¥V TH 2,

1
¢ = /dvﬁ
dmeg Jv r

CTC, SROZeiho, WEVBIHIIEEMDZNWI & Z2REL TV,
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BB, XD p & egdivE XD ERLERITE D, EH0MHL ST TR S KBRS
WEDEMEZAHET LI EBTE S,

1 div E
¢ = /dV al

47r r

BT, ¢RI LERFERED ¢ 103 2 HERITER S,

. 1/dvv2¢

47 T

ZORIFFICERTY VDOEE (Poisson theorem) N TWSE, 22 TH, VAN TIX
Vi =0%RELTVS,

6.2 NIZFMILKRT>IvIL

HEEB O~ 27 2y 2 LR, EMPERE Vo RERZEE2 VK (3.13) &
(3.14) DZANH 20, ZhoZHENCHZT LXIICTERVDLEWVWS LT, AT vy
NOBEZPBEAINT, OB, AT 2EELREREL LT rot B30 R 251, 52D
AN 7 =50 grad TRITE 2| BLY [diva 0 225 Mo52DORT MLED rot T
RETEZ] 2’2, BifiCTRLIEZAD T —KRT Vv UE, ZOREDOHITH 5,

F3. MEEORT b X EXAD XS ITEL N TE %,

X =—gradop +rot A (6.2)

ZDBEFREAILTILYDEE (Helmholtz theorem) ¥ W5, rot(grad ¢) = 0 72D T Ial#x
DIZNGERA T 7 —KRT ¥ v VTR TE S, div(rot A) = 072D T [FERHDZRWHITR
HT—=RT YT XTRABTES ] ERHELTD X,

T3 MEEORZ MU X 2EZ LS5, ZHUTHL. RRRTOTH 20, RDRA
FIGERT MG EREZ D,

1 div X
¢—Z;KJV " (6.3)
1 rot X
A= (A, A, A 4
( S e (6.4)

T, RANBELND,




6.2 RIZFLVRTVI ¥ 73

— grad(div X) + rot(rot X)

r

1
—grad ¢ +rot A = —/ av
47 v

1 2
= dVv X
s r

=X

22T “RHOHE rotrot A3 grad(div) — V2 ICERTE 2 Z e R FH L. £ B
BOEFEZIE, 2.y 2 BWA TR T Y YOEBEFEHA Lz, LiedioT, K (6.3) & (64)
ZHWT, NVLAFRLY DEFAFEATE -2 8Tk %,

L. SITERETY VOEEEEALTWE 5, BOEE VIS TIEVEX =0
LB IEZAHRE LTWS, DF D, HOFARITRTIOHREV AITHFEELTWS T
EERREL TS, HBOFERD Z ORBEMCDFEET 5 & 22X, BOL LRV, Fl 2R,
REMOES 7 —u v EGEERX 5, 1LV EeELTI REMZRIERZERZ LS, 2
ZTIE. divE =0k rot E =0 203LT 57, FAEME2ERNCEHAT 2. E =005
bMd, ZRUIDBBAAMES>TWVWD, Fo. EMRBIROIELWSETIE. BIROAME ZFR <
.ot B=02LTA5DT, BIIMISGHPDANT—KRT > ¥ VOHARIZZ 53T TDH
220H EREHEL 2D 50, THDFAMELEKRTHEE> TW3*L,

ANIVLAFRILY DERT, 0 lZAHIT—RTFT VT vl, ARBRT bAETF VT v L EFHTH
%o ZAULAT OEFAZIRT 5,

rot(grad ¢) =0

div(rot A) =0

IHED, MEEORZ MUVIE, RAT—KRT VT v LD —grad TRI NS EHLD 72 W
E.RZ MPUVRT VT2 VD rot TREINDFEMDIBZWIFIZOMETEZ S LWVWS T VR 5,
T, EiCiZ o A DEKNERDFIRLTH S, 7272, ¢ ADIZIEZhD OEHE
BHD, ZIWRLEDEZHEL S —HITHL 2 THRLTBOWTIELL,

AIEICHA L X D12, BEBIEHEOR WG THD, LEN>TAITI—RT T vl
—¢ D grad THZBHN2, BIEHIINERDHZLTH 200, B TOBENPLEL LM, Z
DHNTHZHICDOWTIARTE Z 5, WHITEHRS. BE2MOT divai0THE, 2Dk
. BEEA SRDRYZ PART S vl ADrot TEBHETEZZLZEKLTWVWS

B =rotA (6.5)
. ZORDLLEEBIRAXANIESNS,

divB =0
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INED. R MART Iy VEHWTRINLWS B O divad, BEIICO RS Z L
PHEETE XS,

B O3 %in s A DRHERD Z—oDHEE, REEDTITO OB =20 TH 5.
BEMEIRX (62) To=02 L TX %2 B&EZx%, 35X (64) Kb, Z»nEonsd,

A:i/dVrOtB
47T v T

BB, DVWTIZ, ZOXDLLRXDZOOAMELN S,

A:@/dvi

41 v r

A i/ qv rot(rot A)
47 v T

b —=DODHIETH BN, E DL oiffEr 2 HnT, 13 AYHIINT ¢ DI %R
D7 X511, B ORFNIMPHEHETE 2 LN TH D, 2RI IEEELGZEHETIER
WV, —O0HHIZ, Bt AZKOMNITZHOEIEICH S,

/dS~B:]{dr-A
s C

ZORIERT PUVRT VT % VORRED D, ZDEDIICHER T 2HHIC—H T2 WI HE
RIBAIE R LTV D, GAPBREITEZ 6N, BHEOBAEDLICRT YO YLZDHD
ERLBRVHPHEETSH S, 5 —Do0HHIK, RICHENZ X512, ARCKERAHEND S
NHTH5, LrL, RFINZHESEZES L TRT VY v L2 RD 2 FIRFEETIZ RV,

REWNLDDEZOHIFTHEL, £33, HF—DFEKIE. WhkdIATA =0,k
ELTLEISBDTH B, $58. i (65) &h. B, = —04,/02 £ 5255, M P T
DA, =—[dzB, ¥7%, ZOHETOFERKIZAP O oy HNDEHRDEDP LK P £T
9%, £, ZOBPTOE. EOEBIZO0 ERELTLE S, A, &, B, =0A,/0z &
B, = 0A,/0x—0A, /0y Z AR TREND 2, HiED»O. A, = [dz By+flx,y) i
3, 5FZ 2 ODRMOTHAEZ->TLES Iz &y ZIOBEY 2HBOFALD--DIELTE
o BEDRN VEFTIELONE A, ¥ A, ORERAT S L. B, = B.—B.(0)-df/dy
BEohd, EL, TZTdivB=0%2FMHL%, £/, B.(0) &idzy @ ETD B, ®
HTH2, &Y f=—[dyB,(0) ¥725, ZOEDTEE z Bl LD RD S FITENRT
PORETTH 5,
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(z,y,0) (z,y,2)
Am:—/ dsz-l-/ dz By
( (

x’O,O) m7y70)

(z,y,2)
A, = —/ dz B,
(z,y,0)
A, =0

INHDrot LAY BIIRAZCIIARBITHEIDOENAZTHAS,
B OTFEE., FAELHERZMERETITODDTH S, ZOHE. ADr JFADOKT %
0252, MEFETO rot % div DRRIZEHTH 2D T, ZZTRZDHERDAZRT,

1 [P
A:—/ drBxr
0

-
BB, MOBEIFERO»H5RP X TOEMET S, w=0,--- , 1 REZENZHE LT, r
Z (zw,yw, zw)s dr Zrdw EEZ, LD rot 2 28, B2k ZEPFEHTE %,
ZDEI RZ MULRT VS v VOWRERIIPR D OEHELND 2, iUk, A OFENST
W, div ZHHRAD TIWE WS RELBHHELRD 206 TH 50, ZHUTDWTIIRDH
THL BN B,

6.3 BNBIZBORTOIVIL

— 2R SAGOEZRIZ LA ZE, divd ot B 0 TRVWEINRESRIZ. 2h 7 —K
TYIXNERT MLRT VY v VORTREINS, LHAL, AHT—RT VT v LIZITTR
HTE 28BS OERBBIGICERLTW2DT, ZhzMHT2, $TRBERENRIEET
HAdivA0THEIEND, RZMLRTFTUI YL ADrot TETZEHARETH B,

B =10t A

CORES AT 2 VHBERD rot E DRARALTA LI,

ot B — _ O(rot A)
ot
BELTrot zZ® 2 e XD ELNS,
rot (E + %—?)

rot 230 DRY bIVGIRA D T —5D grad THZ o626, Tk —gradg TRZ S,

A
E:—gradgb—aa—t
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ORI Z AT 2V TERD rot E O E BHFIICHZTZ 218k 5,

Rz, ThoRT 22~ AV 2 VERAD divE XB LU rot BREEHEOT X
I, ZNHDOHERICIE. HOHRTH2EMPLBERBA>TWVWDE e RHTH S, KT
Y NTRHINLESG LS o0 BRI ATE L, KTy v L o7z RE
TorEA»ELI S,

0 1
V2¢+§divA:—ap (6.6)
0? 0
V2A - E0l40 52 grad (divA + souoa—f) = —pod (6.7)

KENZBNT, DT EROERLZT-oTA LI,

6.4 H—

D ABNZE ST, RZ MART VI ¥ VOPERIE» R ODEHERH S, ZhiE, A
DFENHFIZ, ZD div Z HHIZED TEIVWE W RELREHEDRH 205 TH 5, EEE divAa
. RO XS RAFHEICED, HHIZEETS2Z e TE 5,

A BRARDESICERLTAL D,

A=A+ grady
MADEERE % &, rot(grad x) = 07206,
rot A’ = rot A

IhEb, A FARIUCHSEZEZ3ORTZ FLETFT Yyl hoTWa, LAL,
div A" 1R 2 1 FE CEIZE R 570,
divA’ =divA+Vy

Lo T, divA X, xy DECHICED, HHIEETEZ 22k 5,

X 2525k, BIHNRGE. BHICH x OFEDNRDHLDT, EHDIEFS>DOL2FbEHLE
RINEBRERV, 22T, A rdiZT o dbEAFRICEET 2 EHITHNRLTBIFIE, 22
ENEI IR DL, BRI ¢ ZRCE S EFETUE IV,

oo N
o =0-



6.4 r—v 77

ZDEIIT, Y CHT2EHERFHT 2 &, #ifiRZO KR EZMEICT LI TE 5,
IO Y DEVHEEZDZE2T—Y (gauge) E\W0WH, dede, F—=IridWELwo
BEHRTH 2, VORI WCEYWADDH THTZOEINED S Z idmne v EEMEZF - T
%, PHEOMATIE, TOLSCRAREZ S 25— (gauge transformation) |
AAZZEZTHHEOEDLLR W 27— REM (gauge invariance) R WVW5H, X7k
NRT V¥l grady . AAT—KRT VT ¥ —0x /0t ZFRIKHCE X2 Z 8id. 77—
DEHTHD ., k. ZOMR. BHOWBBEN LRV e, F—=ITENTDH 5,

6.4.1 v—O>H5—=
Hobt bHHLS D RZMULRT VI YAERREBMOLNVEISIICEILDTH S,
divA =0

Z DR, AIEIDO “RITRD K 51272 %,

1
Vﬂ¢:—%p (6.8)
9 0? 0
V°A-— souo—atz = —pod + Eg,uoa grad ¢ (6.9)

—HL T2 &5, H—ADBXDLDTHERIE, HELOL ZORT Y Vv HERZDOBHD
WZH-oTWT, —AY%4—2 (Coulomb gauge) &FHIN 2, BERDM & EBEMDIMIGZ 5
NTWVWBEEIZ, ThoRT YT Yy AERD B, IR (6.8) ZFRNT ¢ ZRKD, Kz
DFERENX (6.9) MRALTARRKDZ WS FHE K E, —RAPXLZS5THSH, 2IT
ol divA =022 XA L RIFIUIR 520,

642 TFPIT—H—

ANTG=RTIIX N2 0 TEr—IV%ERILDHTES, DEHELEIHIXT bLRT
VX VORFEMAIE I TIREZ WS 5 =Y Th b, AT SRV, ZOBRIE, b
rd 77 77— DBHEAEOX»LE LN TVWEDT, AETE, RICT7753T7—=4—=
(Faraday gauge) £ THIFATEIZ I,

ME2DT =T @ DETETEZE LT, 20%, KXZHZT LIy ZBRDOTH 5,

_Ox _
ot

259 % eHiffio “HKidRDES1% %,

0
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J(div A) 1
N 1
oy =P (6.10)
0%A
VA - eouow = grad(div A) — puoJ (6.11)

ZDT =Y DA RENT=DT, DIRIFZF—YDEHEL2 WS Z 2 TlE R, BEINS
“REMLZ L, —H AREDLZANZOHBZDT, KEZS>THSH, ¥3. KX
(6.10) RIS LT, divA 2k 5, 20k (6.11) HdicAT 2 . K (6.11) 05
X, BROKBES L BRZ T TREZINZ DT, Fix AT 2HEMNZHRETER IR
TW3, ZORDSH, K (6.10) DEMAZHMT DO ZRAT L L1k 5,

EEBHBDHE L. ABREALAEMLTVWSTLEIDT, Eboh WD L, BN
XD ERRBITICENR TV S, X512, BRPLERD L VWERMDIGEICIE, HAX0 k5
7o, —EEEBUC BT 2 EEESCELIRBOFBICRETH 5, BEARNGHEIEEE 10 FEic
ZNE IS

6.43 O—LYRH5—=
bot o ADXIMMEE KK T2HNTEAINZDS, O—L Y X5 —2 (Lorenz

gauge) 2 THhb, ZHUL divA BRD X 5 ITTER,

) 0
div A + 80#08—f =0
Zhz kb, X (6.7) Dgrad DFEZ0IXLES L WVWISHATH S, ZOXEO—L YV REMH
(Lorenz condition) &5, Zd#fER, K (6.6) &3 (6.7) ZXRD X 512725,

0%¢ 1

2 D —
V7o E0k0 5 = €OP
2 o
V7A - 0l g = —pod

BSDIC ¢ ¥ A ORFEIZE DD TIV, MEMES I WERD TR, ¢ & A WSS H
TW50DT, FERZMLDIEGTHS, LrL, BROZeRZIHLH, o AlFr—1 >
A2 7 XU & 20,

—H, KEZ5TH30, m—L Y AEMFFEREGHONXEEMULTWS, oF b, Eift#
DR &/ T EM E BRPFEICEKHETTEO TR o vy VMZEEINICE — LV R5EH%
Mi723DTH5, A—L Y RT =%, RIS X512, HIEFREREE =5 A L LMD

*2 Lorenz I3EER—L VY EHATOVWED, B—L Y hen—1L Y ZHO Lorentz £ XAlT 37912, o—
LYRAL ERZANDPEZTETWS, FRETIRMEFHLDOLIEIRMERTH S, FADEVE, MFERERLTHT,
AREDHIRD IR > TREINTWBD, &2 S Tz niz, 2 ZIIE#HER LIV,



6.4 r—v 79

MR TBD, SBFCHOLWVWERD, BTy vy LTCiEoon—1L Y258 — SRS
52HDET D,

oKD AA%E 0 LEWES DX, KEIHAERX (wave equation) &FHINZIEZ LT
B, AR O DPRATEZONLESTHEFET 2ol LMo TWS,

1

D cEEIELTAS AR (light velocity) DAY 5, FFMICOWTIZHRABT 505, ZD
Zehb, YT AY 2 VIFERIE E DB RZ BT TRICSDTHS Z & Z2HimL.
EHIZEDK, ZOHERMDIELWI AL DERICEIDEMNITLNTWS, D, BEID
. eopo 2 1/2 ICBEHZ2dD T2, Lio=X% c ZFHVTEEZRITEI 5,

CcC =

1 9¢

diVA+C—2§:0
2y 100 1
c2 8t2 N €0p
5 1 6%A
VAT Er =

IO T KDk, RTUIvILOKEEIATER (wave equation of potentials) & FEHE S,

BB, F=V%EDLE ¢ AF—RBIIREDZSTH L, Z5HHETH RV, FlZIX
IR L7 X CEXBEZMAT2RT Yy v 2EZ LD, Y ICEXAMEEZMRATZ6, v—1L >
AT —=ITREBABDESITHEH, HLOWRT o2y lza—L Yy R75—=YDRIRALT
AdE, XRADBBFELNS,

2, _ 19
cZ Ot2
2% D, ZOXEHT ¢y THUL, ROV —L U RF—ITHEHOMREEYHT Z &
TZX5DTdh 5%,

0—LYRA7 =Y TDORT V2 VORUEIEFITHIMED L0, B x o LEIRZ 21T
S XBLICRZHONMFMED KL 725,

=0

aiva+ 299 _

J(ct)
VE(6/0) - 5 = ~taler)
2 0’A
VA — 3(ct)? = —pod

SECY N
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b
=)
i
N«
AN
,&-

;‘

Efc = —grad(¢/c) — o

d(ct)
B =10t A

ZDEIWTB L, dr,dy,dz & d(ct)s A¥ ¢fce J & cp. Bt E/c DENZHDOHLSF
CIB2DTH2, 25 LeHoTw2 e, MHMMEFRESTART 5,

6.5 KT vl ERER

ZC. [EIFEFmIBI 2 EMCENMDOBESD, BRRFE ED LS Eb o TV aE 0%l
«f%”“o@%@mum$»t$7®%ﬁm(mmmmummmmW)G@J)t#»t
FRI7DEJERI (Kirchhoff voltage law) (Kh-¢) 23%EARICH 5, Kh-T X, EEDRICTRIVA
LEIRDBHN 0 L WIHIERITH S, Jg XL R T7DOEBEBROEZEL T2 2. XRADT
95,

%dS~JK:0
S

HEEOEMHIRD X H51CEL b TE S,
divdg =0

AN, #HNRGE. BHEKFEICBITAERD diviZ0 2w, BHOICER ZHEE
THb, —H. xZAV 2 )VHFBERD rot BRD div 2 > Thd e, BNEBEBREZMZ7-2ER
Ddivi0o o TW3,

OFE
JK =J+ Eo—— ot
ZDZENDL, r@%finﬂﬁhjb’ﬁ'é BIMIENERESL) eMmCE 5,
Kh-¢ &, FEDOIL—F 12> TEMNEEZEFIL TV 0IZhd e WHEAITH S, Fu

LR 7 DE u%kﬁmT%@%%EKfﬁﬁk RADHILLTVWDE Z 8IT7R 5,

j{dr-EK:0
C

WMo TRT . RDXIITHFEIT %,

rot Eg =0

3 Z O, YRFEETH o 2T FOUR O FHRBIFEMI U S D) OERICH L TER LD TH 3,



6.5 KTy AR 81

& ZA0, BRHEKHICBT 2B OD rot ZEFNRGE, <7 AT 2V TEKD rot EXXE D,
—0B/O0t TH->T 0 TRV, RIEID. HLQLIKERLRLIZMETHS, 22 TID B % rot A
WHEEZ, B L, rot ZF O THADS L, BRSKFENRERIC0A/Ot ZMMZT2d D
Drotld 0 &2 ennh b,

DA

EK:E—FW:—gradgb

ZOZehrn, THRHERIBI2EHIE. XV MAVRT Yy L2 &) e, £ HEEK
HERICBUI2EMEAHN T—RT VvV ZDIDTH 3| LR TE 5,
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B7E
Bige NI RILIRT>o vl

RTZ FIVRT Vv EIZ L DET, 2L /NI PO BTH S0, ZOETIEH, KH
BEEETHE2I R eedbic, XDERMWCEMRTE S X512, WL D200 BRI 6%

NSRS

7.1 FREIG OHBELIE

HIET BN L S1T, BREE p BRAAT—RT ¥y L 21E5,

1
b= / av P
dreg Jv r

EE[ (surface charge) D& IFEHME T, #REMA (line charge) DL EIIHET. REMA
(point charge) DHZEWF LK HONTZBR DR Q/dregr DIFITZ D Z2IFWVS ETHRWL
THA A5,

FRICERBIRL 720 TR VKT VS vy ADFEAT 25, ZORTIRIEMBRAS 7 —R
TUTANERETIDOEEDDTRTNS, HFE, RNT FUKRT Vv LOXE=DDHT)
Wb, ZRZFRORERAI T —RT7T 2 LOREFULEE L TWE, E—RLR 20D
1/eo 25 po WCikoTWB Z &, £y IEPHEAMAES 7 D OEMEE O D DICHA S 7
D DERFBE (current density) ICH->TWB I TH3, ZDIhs, FENBREEDY
B, T2 EMBERL L Eo THESROMEZ KD, ZOMROERE ZHTIUT X0,

DM S, BIREE J DIEANRT FILIRT > v )L (vector potential) 2K 25 Z &
MNTE D,

4 r

A= “O/dvi

2% b, —AOYERFTU ¥ Il (Coulomb type potential) 72 ->TW3, £/, ERMDE
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ZrHEL L9112, mER (surface current) DG EIIHEFET. EER (line current) DA
HETTEZA N5,

o2 X512, MPNEROIELZRZ PAVRT U v ME, BROAAEEUMAE %
MZ, e e DICERETIHTHS, ZOEANBEEEZ L HEATWS . BRSHD» S
N7 MNRT Ty VOB GHBHETEZ 2 L5122 5DT, LLTOFITER T E
72\,

B, FEBEDZE T2 000X T MURT VY v VORI EIETH 205, Z0n
SHRTVLODPDMED X512, MIMED X WGER. #EGOHRED X512, Y RDEH
ZHFT 2 DOMERIR Z & HZ W,

72 BEEREER

2 IR > TN TV B EFIRDETRER [ DIE2HEE2EZEZ TA LD, ZOWHIX. 7
R—=ILDREEIFET DIERZFHWTHHBICKRD B 2B TE 5, LrL, MEDEDHIT, RT b
NRT VXY ADBEELTALD,

BN ML% 2, yo 2 DAL TADB &, HLDIZ 2 T LTy, X7
MVRT VT Yy VDERTIE, BIROMIEE TS LOERINLRVLE, A, LrisEIh
A

F3. 1/rMORT VY VOETEWVWHET, A, 2R L TA LS, BHlROREE:
(r,9,2) L L. EBICr =22 + 42 LT %, $LRREMI 27010, BRBOESE L
o LIZBR-THL,

pol

I R —

'ZOII g[ (l—z)Q—i—rQ—i—(l—z)}

pol | V(L =242+ (L—2)
ir (L+2)2+7%2—(L+2)
. kol 2(L —2) +r?%/2(L — 2)

L

—L

T oo 8 r2/2(L + z)
= —log— = — log —
27 r 2w r

ZZT. BPIDEMITIE L+ 2 /L r /NS vk LTEARELM L, ROELITIE,
LIZHL rS 2z 39/ hSne LT3,

AKRKLIFZoo THEIRZITHAD, ZOT2EMPHEMLTLES, dbdbe, ERIZEL
BT, FRT 2D HEAROMERTHZ, LrL, ERERKOEMTIIVDPLAL S TERVD
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T, SHOEE. LOTAKREV D LT, LXOFETED TN bDET S, ZIT,
TPEHRE L+ 2 HLMDOEI NI WS D LT L, X512 LITHRL 2 ZHEH
L7

LoXix, NEHEBE?OEHEEZFATL L, o LfliHITKRDZ eV TE S, BIRD 2 K
S 2 W B2 T 0=l RO S, MIGT 2 BHEET UL T OFREREE ZROER
K—FEER L 722, £, ZOOIEZELERD 5,

I 1
2meg T
INEENTRE. RAT—RT Uy AR ELND,

E =

22T a3 OBOEERDREAD O EEHZRT, LICRDLDbD KT L. a D
2L 2o TWAEITTH 2, THIZEX 2L OMBHROMESGD . FALFECIXERERS
MOEZGLIFL AR THD, ZOEENBLZ 2L BEOHFIIES > TW5E Z L &R
LTV, WTHIZE L, KT L3O L THEDNLEDT, a TH 20 TH, FHDEE
KRR 72 %,

WOETHRL, A, DAy, B 0THD, RZMVRT v Ud z FAZERL, UEDZ
YD, XFWRKCHBNRERY MURT VY v VIERBEOHAERFED, BATRET 3FEL RS
ZEHNERTE XS,

R MVRT YT ¥ LDrot ZEIHE T2, $HODICTEXLH5 B 2RO ENTE 5,

_0A, 8Ay__“ilﬁ

B, I p
dy 0z 2 12
B _8Ax_8Az_,u0I£
Y0z ox 21 r?
0A 0A
B, =—*%-—2=
or dy 0
INEFLDHTRZ MEHTZ L, RDXSITk 3B,
B “LI kExr
2r  r?

HEDHITH B, ZHET U R—IVLDEFERIDSEFHELEZ D~ T 3, tELZRZ ML
RT Uy VEBGOMEEZR 7.1 1R 7,
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P ~

7.1 ERERPIELZRTZ VKT o vl (ERD) e D OB,

K72 ACHEELZAFECECHFELEZMAEZD LIS LTEAMSE, 1EIE —sinf Ikt
Bl L 7= BRI AR T %,

73 YL/JAF

HREDY L /AR (solenoid) & X X5, YL ./ A4 RIEHERNCETT M OBGFEE T 5
B, ARG DR DR TH 5, LoL. XNTZ MUERT VS v MEAIBICHTFEE L.
ZIDID ZITHER D AITTAE S 2 BB '/ T AR B 7 OEENC 2 KX T e W
I, RN MURTFT Uy LOFRAEEZRT o b KWl iioTWwa,

2 WA TN R 2 £ 0% o OERBEMEL2E X 5, /2. TOREEHEEIRD 2 B>
FIANZEEL L TR TW3, BRSO EREEZ K L35, ¥3. BROKHD &
ROTAHELS, ¢ RO —y HFHTHRK, 4y HATELAICRKE RS, 2% D, =
POORMAE 02T 2, MEBEREED v K7 —Ksinf £7k%, AR y K7& K cos 0
&% 5,

RTZ MVRT VT2 VD x BGELLEIR U e —y AIANCIE, +y AN ENCHE L 72HE
DIE 2 BAINTHIET %, FREMR DOIE 2 BLNTFIENCARNZ X 512 log THABNEZH, Z
IZ —sin DEAZMITHEI T IVIRTH 20, ZoETErRVERTHZ, £ T,
CITREAVAOEMERNAT 2, B 7.21ICAONS X512, £3. [EIC—RRICHE L 7-FE
. ARRRICHEBELEZMAIEEEZ 2, I Zo0MEOE fo7-hERGDLED &,

BRIDIZVDERT Z 2R 50, BOMAEZ y AFAZIFADD LI 6T . +y AAICHE
BRI, ¥z —y AACIEBHRID LIZAHT, TADRZODTEITHZI L. ZDIFAHL
72 B DAMIE —sinf 725,

W LMHEDIES EAE. AV AOEHZFAL CHBEICHET 2 e TE 5, X
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Gy,

K73 VYL /A RIMELZRT bART vl (FEiR) LG (R OME,

E, I E L FAEOE S 0N e ANEDEAMIZAAXTEZ 5N 5,

480
—— log — >
2e0 o8 a (r - a)

ZIZTpldBEMEEL T 5,
COREREFH L CEABMFEOES KT v v VEHET 2, BHSOBEE (z,y,2) &
L. Ao IT &R d &35, MEOWNERE X UHNTOELMIFRAD L 51272 5,

L @)+ (@ w97 <)
¢ 2 2 2 2 2
T el R P ol k) 8 >
o log e log 2 (r 2a)

ZZT. dDPEDLDTPNEIVE LT—ROMNERZE D ZEIZL. £/ pd/eg & poK L EZ
Faz. SOWKEMERY MVKRT VS v VITEET 5,

K
- (r<a)
Ay = o2
po kK a®y
Ty o2 (=0

[FERIC, z AN S IEA O~ EMER O XA/ 5N 5,

K
Ho= & (r<a)

2

A, = )
oK a“x >
9 2 (rza)

B 7.3 I1ICHEEZRTEIIIC. RZ FLEF U2 LIEIRED,. BREEITT 5 L5 10%E
L. DOBEHRPSHBEIDNDZEFEL TV WS —RIIMEEZFE->TWb, ¥/, YL /A K
DHERIZBHRT MIVRT VT Y ADBMFET A Z e EZRBELTBWTIELL,
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FREOHRZHHAL, B=rot AIC&D, WHZHHELTAZ L. LLALNLAERVES
ﬂéo

_ (0 0 poK) (r

0 0 0) (r

FIRZFENDIZY L 7 4 ROAERIZIERZ FAART Vv B3 Ho>ThH, BHIEFE o7 v
Y THB, ZHIZOWTIE, BICHKDTEET 3

7.4 WNERIL—T

MUNERIL—F (micro current loop) DIEZWED. X7 AR TFT Uy L EHWS &,
HHEICEIA T 2 2N TE S, L—7IXFHENTIED 205, ZOBREIEREE L LS, fHEl
DIzDIZ, N—F& xy FHINDJR S HEICH 2D DT 5, MATWSERE T L, £73.
BIMD o WIWCEHT %, $2LEIME v MOAEZ ) THLE, —Isinh 25,

Dok, miffi e Ak, v— Il ENLERZFOEAO—RIFERE . EH»1I2TH
Lk%@f%ﬁ?%’tﬁ?%% HEREES o v L. BOWENRE +y A6 T6F
v REET OB T IEESHTHIT 505, 4y HADHIIFZEERD. £ —y HHDHEITIE

Eﬁfﬁlbiﬁﬂj?' O DI /hEFIUE, ZDIEAHLEIE —0dsind 72D, o6 & [ IZX6
SENRR LRG0 Db, TS yﬁﬁ&i/\*ﬂ—ﬁbﬁ KE—X Y M2, HARIZHA

TWAERRBRTZIENTES, £3. HARKEINIZEXTE Y IrofEsEMNERD B,

. Q 1 1 __Q5 Y
Cdmeo \ VRt 22 (Rt 2+22) dmeg r?

ZOMEZ. TEGPOLRZ ., BERE—X Y FOMEMENPICTNTHIZLALEDLLR
W, ZZT, IRPEIRICEALZGEZ. 20 Q 2HICAFT L, oS IKFEZE IV, Th
Do, W —TDREZNIHLTTETTD Ay, ZRDBZENTE S, FAKICA, HHES
ns,

Am:—'uojsﬁ
4 13
polS x
A, = —
Y 47 13
HBHWVE RXZ PAVRIREBRD &L ST %,
polS k xr

A=

A r3
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74 BANORLZZERzE->EFE—LZ2EGMT 2L, WAT 2,

ZOEED. B — RN T WS 720, &7Fw¥%yva%w—fﬁmmof
W3, BB, BHTOXRY MLRT V¥ y)Ld, e V—7OHEBERLI TGO, V—7
DICIRITIFHAFE L 720,

W5 B3, XZ bPARTUI ¥ ADrot BRI,

B =rot A = 'UZIS rot (k x r) = polS [k; (dlv L) — (k- v)i]

T r3 47 r3 r3
_ polS 3(k-r)r — kr?
=0 [ké(r) + p~

7.5 RIBMILRTOOVILIIERET S5H

WREDY L /7 4 ROWNEDRIZHI 0 TH S, Z ZIEARHBIMHRVDTHA S h, KD
T2V MZEBTWERD LI, ETFE—L%2 ODAY vy bEEL, ZOLENBY L/
A RDEDLYZHESLIICLTHLrOERT 5. ARZED Y —LI3TTD A HD SRFA L 7= 77H
Wi Z e AHISNTWS, ZOHR% AB %8 (Aharanov-Bohm effect) ¥ FER, 353
Ay KO —LDFEE, WIBOEFETILIARE-TH, B—L Y HERCTRAT S
N, ABRROMERD ., I XEFACZTDRAERZIT 5, YL /A4 ROFEDLDITIIBGS RV
TRDOT, ZHUIRT PLRT Vv V2R U TRIAT 2 & L, EZ O,

REFEC 2RI, ABHT—ATF T2 LTHBHITEZ, B 74175 k512, R
Vo PR EINZODETFEY—2o%, ZREFN—HTEDHE2PHWVICEL 2 ENMNER
DHEBT BRI THrLAENT L. REDVRATZ2OTH 2, TORAMIF. BEZ
ADY — LB TE > HEOBESFEERLEZEE . ZEF—KT 2, £3. BETOEME
Q=—-e2 L &>, BTOHEQIZATHZM, LITFOHEmITEMDIEEIHKELZVDT,
a2 HERSEIE. EBHON FOMEmE E-oTdHooTHHBEAAMDIR,

CNOHDOBREIBTFNFATLOEBETER Y, BFNFICE D, EFE— 2N HEE
ZRioTED., ZORDOMHEMIERSGH T, ERGORVWEHEICHE L CROE M
5 ZeDHIsNTVWS,
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9/(dr-A—dt¢) (7.1)

Z Z TR EN T OBEIEEEE » BRI L TT S,
CORZFHT AL, AAT—RTFT VT Y LDABEET IHEEDEF L — 2 DRAMIZR
DEIITH B,

tanf = —QLA¢/muid

72720, LIZAV Y POBERICEIPNZRKT VY VORLZZ2HEBOEX, dIZAV v hOM
. vo IXRAV v FFRITOETOREETH S, ZD LI, RAAIZ OO —LDEET 5
BMORT Vv VERITTHRES NS, DED. EEGDLLSTH, KTy vy VEXRD L7
JTRAIT2DTH 5,

XUVFEE%\T@ﬁﬁ\—ﬁ@1ﬁ5—¥?77¥W@Z’6%LﬁT52 B/
FHINARE —QoT/h 72T 5, —7. v — 2 DEEREIE. EHEEE p. AEEE k&
T35, F«70O070DEFR (De Broglie relatlon) D p=nhkBDT, mvy=2xh/\ D
A =21h/mvg £78%, ZHNXDEE — LADEHEDMEL —(QAPT/2mh)\ = —QLAG/mv3
EFTNsZeilihd, +0ENFT, RSN — 2132 DIKIEDHS A TIRDE,
HIbEbOANHITONT LIRS 5, ZOHMIEY — AR d TKRIEDONMED AT
RO 2 DT, RWAAE tan = —QLA¢/mvid 272 b, LilofEHRe —KT 5,

—Ji. —EREGTOMEN T2 5 HMN X QF TH 55, ZOMERIEER QE/m
%, £ L OXEOMEREIX L/vg TH 206, REMNITHETARIEMA I QLE /mug
DEEEF D, WAATVI L tand = QLE/muv3 %%, TN BT HEORKEEE T
22, BEde —Ap DPWELTVWBZ 0 h b, DD, —HESHORNAZE T
FHMHT O LFE L TATH, FUMERIELNS,

B E ORMZ c iy T2 ¢ = —Fx vkb, ¥l —2F z AANCH 3 EEHL
MoTWB LT 2, R (7.1) k. ThrSMHEBER QEzr/h L 755, DED o HADH
W% QET/h ORIEEMDPH 2 Z 212485, KHEOMETIUHET 2 QLE/mv?
HBHILITkhb, TN SREAME sing = QLE/mvg 2725,

KRB 75 ICHRONE L1, YL /A FDEDLY RE#ET 2 - ADEFL—2DTH%E
N, X7 MRT Yy VOFErRDZ e, BHOLZLFEKRICILT, dZ2Y1L /4 FHAD
2R E LT, RAAPIRD X 5125605,

-]
A

‘giwll

Qd

mugd

sinf =

N7 PVRT VT Y VDAPFET 25E12E. A —20MHEAR, X (7.1) &
D (Q/h) [dr-A¥ied, ZOHE. EAKIIWST DY — LD @G L 72505, 1EEXY L
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il

K75 NZIMARTUVIYLVORRLIZEHZESTEBEFL—LZERT 2. RAT 5,

JARDEI—HAEEZEZTS v, Z0HE. LELOETIEY L/ 4 FREORBIRE 25
DT, UEEIZ (Q/h)P 7xb, Zh%x 2n THID, HE X = 2rh/mug ZHNT 2 & KEH
DIN QP /mug FOEND, TNz dTHS . RAMA tanld = QP/muod BEHN 5,
—H. —EREGFH ORBER T2 2 HH-B T QuoB TH 205, ZOFER, IEEIX
QuoB/m 7%, X L ORXEDOWIERRE L/vg TH 2056, REIMNITHETHRIEMIC
QLB/m O#FERHF S, RAATWVS & tanh = QLB/mvy &85, T B TFFOMRE
T2, BLd 2 & DB LTWB Z e 0h b, 2Fh, ZARKDY — L LG DIFE
FRTH N 2D, BETNFOHEITEY L/ A FROEBHIISHIGL TV, &7k
DT, —HEGTORAAZETNFIMHETAD» G EL TATSH, RCHERIEONS,
ZOFHBEE—HRELTOBFORBOFHE L FkRO T, BRT 2, BB, LiILOHEHT.
BT NFOHETEIBYHRHET, —h. —HRESGOLEICEHPLEDIZ T TH 25, Zhld
TRETOHRMTHELTVWSE7DTH 5, BEIIINTE bMHEEL &5,

ZDEoZ. BFNFEETIUBAD ., MEBNTFIE. AAT—RT VI ¥ o7 MLRT
VI AREUT, EEHERIToTEY., v—L Y Y hd, BERRESIED @5 HZEHL
TV ZDRMTHZ Z BB TE XS,

7.6 77 I3 T—DEHRFEDEL

7727 —®0OER (Faraday law) (b FREEBHARDREET 2, YL /4 RN 5 ER
EFEZTCZTOEIHMGEELIETALZ L, ZOEDLHIBEIRETZI L VWSIDDTH 5,
LL, YL/ A4 RO OBES S 20Dz, YL/ 4 ROITRICHBLEHHEETZDT
Hb, DFH. WHDBRHNDSRNEBOED D5 DTH 5,

2T, HERRXZ—OFELTE IS, HHERT MULRT V> v UEEERIC X D ORF
o Ttwna,

B =10t A

Z DA LR ORI - TR 2 & XKOBEFRIEL NS,
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j{dr-A:/dS-B:q)
C

DFED, RV MULRTFT VY AEK LD Z2ICED. ZORAMMBRICHEHRZ L TW2 2R ZH 5
TEMTEDLDTH 3,
BHAEDGE D, INRICEET AIRZ MULRT VY v ADRELT 3005

E=_-"2
ot

@ﬁkbt#oﬁ%#ﬁﬂéhét%xh@@%b%im 2Dz, ZOWA R EE DR

%dr E———j{dr A———/dS B———

RO, 7777 —DERIPHEETE S, ISR IE, WEOFELRWINTEIZ T TR L,
WG DIFEST 2NERTHRILT 5. 7 7 77— DOIEHITIXES D R EFES s L 25 5 ik
VDI L, RZ MUVRT YT VERHWS ., FRICBI 2FEESPERFHHETX50DT
H5,

BB, WHHICH 28R EE» LTV e, Bk RITEBANFEAET 5, 2 kot
WZH 2 BAEICHGICER T 20— Y i@ s, BEMAIBEH L TWE, BHRIZREET S L5
W25, ZDd, BHEBRET HH., M. WHICEX2 BRI e EHET oL Z
A TEMODBEINIMEIET 2, DFE D, KADHKIIT %,

F=gE+vxB)=0
Ihp o, BEBENCH S EENIXATEZAL5NS,
E=—-vxB

BIGICHD L B AIXFEERRESN (induced electromotive force) & FEIEAL, FEEBEDJH
ﬁtﬁofh%op@ﬁ@%“7¥w$7/ykw%@oT% WMIATZ 20D TH 55, X
MWEHEH > T S DIE S HEHIEZD T, 2 TR N EDOFHEEKT 5,

VL /A RDELHIHIOas s, B7.6DX512, B2 (transformer) %/F
5N TEL, Nlloafvze—Xafr, SHlOaf e “Raf LveEs, ZOBE
ThH, ZRIAANVDIFET D & ZAIIGED IR TH, ZRIAANVIE, RXRT PLVKRT Ty
NENLT, = RAANVOIEZGEE L 2 B TE S, FICHOLEH 2 L, BFIXIEZLA
CHOHZERT 2D T, R MVKRT VY2 LDEZZREF L TUE, WEOME & BRS
52 RABETH B, L2 L, MiREZTRZ ., 77 77— — L., BHRT HHR

DFEDBIND Z L1125,
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(T)
|

(T)
|

(T)
|

(T)
|

(T)
|

(T)
|

7.6 ZAR DR,

KYDEWZRIERETH D, OO EHVWS ZeNZWVH, 22T, Eamrffiiics
570, MEREODIANDODRI I DT E2EZ S5, —RAANVOBRMAEYD OERZ ny
L. 22 OFBRPHNTVWB L, XA FMEE 35, MEMREEIX K = ni .
BIUL Ky =noly 2725,

XTCT, ZDODa4LVOHBREBEN Ki. K, T2, BERhEbEoHEH LD, —KRaA
LVORWANTIE K. Ko OFEDN, £—RaAaAf e ZRAaANVOMIZIE Ky OAZEDPHE
Nd, 22T, —RaAANZIFE, & = po(Ky + K2)S1 OREE@EBL, =R A g
Q' = 11o(K151 + K252) DEHRDEBRBL TNWE Z LIk b, HEMREEZEBRICEZHZ, X
52, NGB IWWRLIZE D1, 2EZRIE. o DBEE (N; =nl. Na =ngl) TH
5ZLICEHT . XGOS,

P = N1 ® = pgN1(S1 Ky + S1K2) = (110S1n31) Iy + (poSininal)
Py = No®' = pgNo(S1 K1 + SoK2) = (poS1minal)ly + (poSansl)Ia

ZITC, WOoDHBIREE L. M. M, Ly e HFZET XL 5,

N1®y = LIy + M1,
No®y = MI; + Lols

ID5B, L. Ly xBCA VAUV R (self-inductance) . M ZHEA VA IRV R
(mutual-inductance) & M3,
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7.7 RITBFILRTOORILDOAIE

ERED _RaAA NERBICT 22, I, = 072D T, No®y = pugNo K1 Sy ORI
LI BBMNEIBRIND, THULX, —RAANVDIEDZHED Ny 5 TH 2, 2F D, BEEL
il SR a4 L Ef - T, %n4wwﬁémﬁ%ﬂi?5’tﬁf%é&mﬁ:tmt
%, LU, BEIWCWS &, BERORREIM S #NET ERDTH S, WHRIZLTIUX, B
DREL, ZRZHELTVE D WVWR 5, EE. BEOEMRZH > EWREFD KA LT
X, a4 VEEOFOEGIDD, EHETET 2 —RARKOZITHETETH, ©o<
D LR OZLZHETE T, LT, —XHUOEFRBRIZE > 7KHETER Y, 775
T—DFEHI»HEZ 2. £bDIHET 2EHIE. BERORHMDICHAIT 2 DT, BRD
FEREDBNVWZ S, L, ZXHNWCEEERD A L ZHS e, MRZODDOEHET L

i))ﬂﬁlﬁvc‘@éo
t
/ dt(/dr-E):/dS-B
—00 C

Z WM S EBN L ABEERA > TVWEWI EBMEFTX 3, 2% D, 7795 —0Dik
HIMEDZ DAL L TWBEDTH S, Lard, BIEERE G0 Wwe ZA5%# > TWT
HHEDT. FXWXRTZ MART U v ILOREERPEZBANL TW3DTH S,

/;dt(/cdr-E>:/cd'r-A

b9 —SHHEAT, LROBESHEEZNT. DE2WVWE7 7 77— DA 2B THES T 3
. XX E o5,
t
/ dE = A

DF D, WHGOFRETILHTL D, FARIWCESIEREZE VT, BHOREED 21T 3.
N?bwﬁr/va%~akﬁif%%pthﬁéo%5mm\Nﬁbw$7/yw»®
Foll RV ZAr06, BHRUEEEZBEH L TCEZ T, Z0MOELOZZRERFED LT
IV, FEHIEINTRY PART VY AHEEFRITEZLLELTVWEDTH L. 25
L7zl DEIPNIEEDED ARV, LT, NI MLRT Uy LA
DECTDDH2 D% DEL L TWVWE Db HNRWD, DR EDFFERO—DD2HIETZ
2283V ETHIRNTHAD, 7217, ABT—RT Vv AL ET L, 205
BHTERBDZEVNI D, F'—=YDOHHEDD 27D, FEHNZBEN T E 720,
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E8E

HEIRILF—

TFa—v Y NRFHEL T, 2RDDOIenbrd, Lrl, HICHT 587
Fy 7 213Z L, ZRRET, EHbAL LEHEBIHELVWE WS Z2ilikd, DL THRVIEMR
WDENTTIE LW,

8.1 O—L>YHCHAICET
BEAPWEIH < NERHRHEIAXTEZ 5 50— LY (Lorentz force) 1T 5.

F=QFE+vxB) (BEy&EMICH < &) (8.1)

CAUTEM 1 EXBEIL TV BRD RO T, EIRD X 5 IKEIWTW R EROESEIZIT
2NFZOXPLFELTEBLOBENWESL S, BAEY D FEIC n OFETEMLIML
TW3r35, FEMP BroZF32h3ERTEZONE, 5 Al ORI TERD—
BIZOmLTWwWbe35L, £2ETnAlF OIBEIL Zeilkhbd, —F, Qnu=17KDT,

F=1ArxB  (ERcHE#EEH) (8.2)

b, 2L, Ar DAFEIZ v BRAWTWR Z e EZFHALTWS, ZoXEFHALT, &R
Fh I'Ar' OE515 (3.3) OFICELNBIOBRES Ar OZIF 2 EX « H/N—)LDEE
(Biot-Savart law) 12&EHo < hpfiHICES NS,

P po IAT x (I'Ar' x 1)
47 r3
BREO N ZFET 21203, B —THON 2T T2 LD, ZoXM-TEET 2
BT oETH5,
81) xRz, BHICX20X, EORMEL DT, BB EHNTBlL, 0K
MR TR, —H, (82)ICks eWFick 3k B L E|EIZR DT, MHD IR
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8.1 W X B MG T/RS IRREER I > TEI< .

TELZMEFNTELIES D, A3 k3, 2%, IAr LEET, 2ONCEETD S
MDN%EZT D, HlZE, B81LIIRTXIIZ, 2DV L/ 4 RearEicEn»h, »
DO NMY S HANE L TWAEGE, Z0EmEcE I, BB X2t U CEE G ik
MY, DIPIHEFDOIZS KERT 2, ZObTHrRERDLD, BV ERIEFT L
2%, [AIFEDHAIE L TWAHEIIE, TOHMEE 8.1 & RACK 27D, R b3 H
RIEFRNCE D, BEWIIFNERIZT 2122 %,

LU, BIZRE & o e HHERBIRICHARB 1E2RkDES52 T8, WobZDXII
vX BDPOFRET 2030 DHEFEITH S, RAIE HREE, ©LULABFRET MK SIZ
IMIETH 5,

Z 2T, OO 2 NOFER VBN ZE 2ikA X S, ETMNERL— 1@ T
ERDE S, X (2.12) ZRHLTEREZZE T2, XpBEoh 5,

F:I/dpr:—I(SxV)xB:—(me)xB

22T, m=IS BHKE—RAY IR 2BTH 3,
—77, WAZE NZFETE2HIEE LT, Wi Qn X2 HEND S, WRMETLOE X
12, BREEICE N F = QmB/uo TH5A6NM 555,
F,, = Cz—m (B(r+1)—B(r))=(m-V)B
0
7272, LIToRGRERM L,

_js_Q_ml

Ho
INHLZODNFFHFELZESITH DD, RIETERRS, T ZO0E 2> TALD,



0 0 0 0

- i + ﬁ +m 2 B
Ma ox My oy “0z *
= — my div B + my(rot B), — m(rot B),

=(m x rot B),

L7ehoT
F=F, +mxrotB

rot B, BGEZFEM L TVWARERDBLVWE ZATIX0RDT, MHFEI—KT 5, 27201,
rot B30 TRWEZA, D%h, WEZERL TV EROMNLTWEENT, 5 WVIXHMA
ETNTHIUIHICR 572 NS MO B TIEMEFIEWHET 2, DX DIiE m OFET 25
FRANCIEM N —3F %,

¥7z, NEBRET2BMEGORHEIZ, BEZERL TV BIRSLAMERM ATV S Ll
FEFELIRLAR S, BE, MAODRIFIZERTHE B0 >TVWSDT, MAET L
G ZORRT, MEEZET S, 2% 0, BIRPHOICEH S HERMAETLTHELILBEC
&, m x (rot B) ZIMA20ENRDHB LT85,

8.2 THHMACEFHNT

MR FDOZIT 5, e—L Y HTRLEEDIWE, BHE W5 BI2XD, fEHIC
HRCTE 20, —HT, BEFHFNKNFIEADT—RT VI ¥ LoRT MLRT VY v L% K
L2 et 7z,

IO ZODHMNEL BT HEDOWT OMRE, —KUCEHIAT 2 FELD 5, £
CWRLERIMEBDIRIE (principle of minimum action) ¥ PFEEN 2 FETH 2, d b
X, WiEHDH 2 K5 MR NFROMEEEL 2012, 777 Y 2 EZ B
L MIN 2 FEO—DDRETH 3 73,

1

L= gm (vf: + vg + vg) —Q (¢ — v Ay —vy Ay —vA,)

EERLT, ZoOEZMELDHPIEZE L CTREREDTT %,

S(z(t)) = /t 1 dt L(z(t),2(t))

*1 1912 fifiiz, HlzRT,
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AA t1
> > T
Vo

AA

K82 N7 IMKRTFTVYIYILDELZMEBEES DD — LD TWRIIBEIT 5,

Z O ES R ER (action) YRR, EEROMEENE, (FHRINCKR S L5 RELEEZZERE WS
bDTH 5,

XCTHEMNZEOBEIE, PEEZDLERLTH, TOMENIELAYZED S RWAITICHE
MEIIND, —77, BTHFEOEEICE, BREZEROHEICNL, ZOESOMEMAFRUHEE
BB I, MOTHEBPEISLZICR5, HIZE, B8.21IHd X5, RIKOYL /4K
DETZELIBTE—LE2EZ LD, YL /A4 FOEZHIGO AL 2 i, ¥— 2 DETHIA
o fiA, YL/ A ROROEICEELRAAEZ y AR LES, WRIROYL /A4 FDFEbD
WCERZ MURT Uy ARFREINDED, ZOHMAIEEE LT AATH 3, WOHETIE y
HEDRT > v VDTFIET B0, ZOMHEBIIHMNIICR SN TWE DT, I D CIIHEMR
L&9,

ALOHLUEY LTo ARV L/ A4 RO LEZ@EAEME, TZ2EIEHRO _MEZIREL,
ZRNZFNDOEL -2 DIEHZEIE L TALS, £3, LOXRT MULRT UYL —AA, 725
722 L&D, £, ZITEREENRY FURT VYLD o7z ZITHEKRL, vy + Av
o L&D, 35 LEAEDIIRD LIRS,

ty
S :/ dt [%m(vo + Av)? + Q(vo + Av)(—AAw)l
to
t1 1
:/ dt [imvg + vo(mAv — QAA,) + 02}
to

[FkkiC, Txio7ze ZDERAMDIE, EXOENND (mAv + QAA,) L EE#D 5,

IHOABFACMEE RBEMEEEZTAHEL D, 2DEDHITIFLOTETIE Av = (Q/m)AA,
rL, TOBETIE Av = —(Q/m)AA, ¥ LEFERSRN, D%, FOBETIERR
BH, TOHETELPEHKCEIC 222, R MPURT VS Y ILOFEEBOREX I,
2V b d T2, TOHHEOK FARY vy MZEIBE L X, FLOoBLEOR FIZA
Uy FEEDBLT, [(2Av/v9) = 2IQA A, /mug ZZHFRICIES Z ickhd, Thd D0
BEREINTFBT—IVDRZ ) —VIZEFHICEIE T 212, Ry "2 THro TARDD
FICEIK LRV, ZOIRNMAZ O T 5L,



AQAA,  Q

sinf = =
muod mugd

b, AHOMRE —83 5,

:@iim,Eﬁﬁ?@ﬁﬁ@%?ﬁ?f%%ﬁ%éﬁ,ﬁ%yyywﬁ%ﬁmmﬁibﬁ

ET 2L, =LAV HEPICHES > TLEY, HHAZETESHTDOLIBRA A=Y
%%tt(&%oﬂib HHAZOR TR S 12X, KTV vy LIEESRIICELL TV S
WERDH D, TDEIRBRFEHTHNTFORT2HELLEFET 2, iR, EINERKT > v
ND—REAZEFHRIFET S L5122, u—L Y o522 oTLES, D% D,
HewH EEHERLIOE T2, ©¥5 LTHHMIELICR Y, B, W52 I8N,
ATy VEBNBLBRSTLESDTH S, Lo T, KETIX, DI, 72 ITf%
Xhdu—L Y hEfisoiEEiT5,

8.3 BRIFRILF—

F Yy XV RICEMERBDTVWBEEEZ XS, Fy O XE2RET S0, Bk D IE
BRMEAWRDHEL, EMENGESBRERH D, £ AH, REIEATL 3 &, EMmHEN e
KR LB ED->TL 3720, ZOBEMEILHES>T, BHEZEIDICT AL —2ET 3
E35107 5T B, BED ¢ DL 212 5Q DBEMEERCIE, 0Q DI FINAE— {5
EDRD b, Fx ORI REC T35, ¢=Q/CBBILTEDT, QIR IDEREZITET
2 e DIHEBDME S =X — U 1FRXRD X 51274 5,

Q Q 2 Co?
U:Ad@:é(w%:%fi?zi? (8.3)
BREO=RZ, FLEEZ, A ICKRHEITLZIHENIDHLZERLTWVWS,
’®%%ﬁ@0klﬁw¥—ﬁ,ﬁ%1’ﬁmﬁ%%MkLT%<t ZDEFEF v UK
EZoNTW3, 2D Z i, &I, FIZIXHMOMZEII TSN, EIZfE- T, FED
\/:L—Jl/f*\z’))%;éij‘étﬁt‘ﬁ’é EHHERTES, ZhzBRIRILFE— (electric energy)
ISR, BEIRILE— (electro-static energy) L FEIIGE S Z 0D, 8.6 HiTaHifAT 2 L5
W2, BINRGEDESHICE A NVF—BFRCFICREZDT, HAT, BRTALX—ET 5,
M 8.31TRT &51T, BF « DIRS X THAERDOIFA SN AT IRF v 2 ZEEZT
BED. COFYAVRYRE Cr) LFBY, COBRTINF—FU = C(2)Q%/2 TH
%o ZOFEMRPIMEAZITZITBE, 2 Z2(LI B 22D 50U BET 500
LRDBEZENTES, DLz WML 221 F— U B EHNUL, FERIEITD
AEND LS BNEZTZILIRZDT, HdxATHELN2,
ou 0 Q2 Q2 dC(z) $? dC(x)

oz | 0z 2C(x) 0 2C( )2 dx 2 dr (84)
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DG, Cla) 3FABROFHARE s PRKEVIFERERMEE L 2DT, ZOMEIZXSM
DRFETH 2, LEehoTF >0, FEEKIGIZAENS LW IEMmICR S, KB, i
BROEZ D, MiEOERE H IZIZFFELVWEe 20 C(z) 1, XATEZbN 5,

eolere + (I — x)|W
H
ZhD S F Z2RD2DIHBRVEHRTH 20T, HEOHEMEL LTEZ S
MIEZRTWHEEEE LT, ¢ =const & T251HIETH 3,

C(x) =

dU| 9 C)¢*| ¢ dC(x)

8x_8x2¢_2d3:

ZORFII (84) LALTH A, k<HBY, EARRELTNS, D0, HEHKERA
CHTHRUGH 2 AMDO N E2%F5Z8i2k5, L, ZOMITER->TWVWS, £V DI,
¢p=const ELTWVWENHTHD, BAEZ EICRDOICIIEEEBRPDBETH S, T2
HHLTEMZES, BFIIEELT2 (S3Nhd) ZichkhD, ZoEELEHEALKD
BV, NHAEETERNIIZRZIDLTHD, —FH, BHZ—EICT 212, Witz
WWHEMES, HHICLTEBLZETTEV, 20k, AFRICBII 221X - 25T L
BRATEWDT, HEFETZIZX, Q=const 2 LT, BT E2LEBHZDTH 5,

L, ¥5LTd ¢ = const DEKMHT, U = C(x)¢?/2 ZFIHAL THEFELZVES
W2id, EBEBEOITSHFEEZMIET I LV, EBEEBIEIL [dt(o]) = [ dt(¢dQ/dt) =
[dQo = Qb PHEEFTZDT, U — Qé = Cx)¢?/2 — C(a)¢* = —C(a)¢?/2 = —U %
¢ = const DEFTHD THUX KW,

F= _

_ 0 Cx)¢?

_ ¢?dC(z)
 dr 2 -

2 dz

¢
nB, R (3.3)1E, MR —HAFEECHT XN PR v 5 X1 bHMATE 5,

Q@ _ @ _ H _, H
2 T 20 2eWI 2e0e, W1

Q? (8.5)

F+ + F o+ T T

le— = —s]

[

8.3 HEKZRPTETTANLF v ¥ XM EICT ZIAEh 5,
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DFD, FBEARODHZLGEOBLR I ANF—1F, FAL QIIHL, BEEX ¥ O XDZID 1/e,
TH2IenErNE, =T, HHET, WHOD5EOEMK AR, WHPOERL
BIREIHR L CREL, 2%6H, REMHIEZEIIMEL BRI CHATE 2 Lk, 207
THT R F vy R 2R, B EICQPHD, ZHUsaEL T, FEEK LIS MmER
—Qp=—Q(1 —1/g,) DFEFIEINTVEDT, 2EMIQ=0Q —Qp,=Q/e, &85, TD
FEBMEIEZEFIIHLT 5L, BXIANF—IIRD L5122 5,
_e_1@

2 e.2C
2% D, X (85) IR, BT 1/e, PIrnZ TR 5,

ZOENEY ZCERT 200 EBAL LTEBLNETHS I, R (8.3) DIILF—D
ATRXOEPBERERTAL I, /2 ¢(Q) LR LT, EMLEE MR TIEINTVS Z
EEHRLTH %,

U, (8.6)

dU = ¢(Q+)dQ = ¢(Q4)(dQ¢ + dQp) =¢(Q+)dQ: + ¢(Q+)dQy

I
dU,

ZD5H, HoTHEREMOBENCHS =X LF—HTHD, K (8.6) TRINZHMBLEL
IAVF—DHEMTH 2, —7, B IHEIDMICEIN 2T LF—THD, EAEREZT -
fRo THMER Z TEICAER IEN T ALY - LTERBIN S, 2%h, BRI ALF—
DEHDERTH DR (B5) IWRTF ¥ T XORBRET 50 L¥—12iE, K (8.6) 0%
BEROBERTALF —LIINS, DT 2D flibh 2 I T A F — DA EEA T
2DTH5,

MMCEBEAN I AL X — 23 BT 25512, R (8.6) BIELWA, FEAKDED 2R
DNEFHET 2BE, 205G, PMICRERIILF -2 — 2 EHi#T 5 DI KELRDT,
CNHHFICEENSI (8.5), DEFVBATANLF —D@EEDERE T 2 DBEHRT
Hd,

B, 8.6HIT, ZhRDDIELEERTY, U ZFER (FLEHOEZ) 23O
INF— RN 250355, kb, HEEKOBMPEELD DI INLF—HERTE
5Zkilizb,

,_ U _1Q° o> D' DE
CHWI 22WI 2 2 2

51T, FERMIFMIZDHEICS, dU = ¢dQ »HHEEL T, du= EdD £7%bh, &KT
RO ZRITT2I kD, BAFRELEZD DXL F—2FoN 5,
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u:/EdD

8.4 MSKIRILF—

AVE 7R CEREMRLT, BEREHELTOWBREEZEZ XS, A Y X7 XICER I &
FEAT 2L, WK o ERIN, 7777 —DKANCESE, ZOMKEOEIH: S EBE
—d®/dt = —LdI/dt BFAET 5, ZOBEICHILTEBEZTEAL TV DT, HEEOER
FA VT2 L, (EEETo>TVWE IR D0 5, TOME, 1 VX7 2 EIRATEZ
LMD T NF —DPEEIND,

o (1) < favr [t o _S_LE g

REDO=:UF, Fyr RO XLFE, FRUEZ, BARKREATIHENHLZZEZRLTWVS,

OO o Tz AN F—1F, FEK TR, A VHHEOMEZEER L THBlL, A V&7
RIZEZATBLIEDTES, 2O eld, &, HIZIZFEEDOND D IV EZ 272
52, HPIEDERDY 2 — VBB RETLZRETLHIeh s, BRETEZ LS, Zhzlk
K[IRJILF¥— (magnetic energy) MR,

K 8.4 1ZRT kHiz, Bz ORI X THMEARDOEASINIZY L/ £ FITK DRIk
AVRIEZEBEZTHALD, DA VRIEZVR%E L(z) 8352, ZOMKTHRLF—IZ
U=L)2)2 TH b, ZOWMMEPERNZIIRZTZNE, 2 2ZIBELZIEDL 5L
UDPETE2000RDZIENTES, Lo 2L ZIZZA2LTF—U DTN
X, BEMERIITRVCIAEN D KO BRNEZITH I 2Tk b,

ZONEFRT DI,

U & L(x)I? 1% dL(x)

P30 = o --5 .
Ox |; or 2 (D)

BEY
Y

® [O) ® ® [O) [O}}

8.4 MROWMMAZRPTETANTA VX7 X, B I TEFICHAN TV S0, FEE
WIXBAEAEE & D TR D FERDH D, 23U X Dtk Tun s,



102 H8E Nz pF—

ELTRET DR TH 3,

BT —TEILLTA YRRV ARZT 280D 2 i, HKHWKR @ = L(x)I Z22bx ¥
58I 5b, §HL, 7777 —DFEANCED, &£ES) ¢ = —dO/dt BRAET 5, ZDD,
BIREPMEEEZ T 81285, ZOHHESZMIEL T, MPR2BHKTALEF— LEdD%
fEHLZRVWE, ELWHEELRRY, EBRIEDO T 2HEIX fdt Id®/dt) = qu)f =®J
THHDT, INEMELEZAIVF—1ZU -1 = L(2)I%/2— L(z)I? = —L(2)I?/2 = —
% I = const DFMFTHDTIUX KW,

_ 0 L@P| _ IPoL)
; Oz 2 7 2 Ox

ZOBE, Liz) 3RO AR v DREWVIZERKERELZ L 2D T, ZOMBEICK S
DEETH 2, LEDBoTF >0, WEKRESIZAENSE L WOHMERMICKR %, BB,
PERDYED, YL /A4 FOERE RIIEFLVEEZD L(2) 1%, X (5.7) 253ZcT5 L,
XX THEZ N5,

L(z) = polprx + (I — 2)]n*S

nIFHENELZDDEBEBTH S, s F 2RO 2 DFHEBNERTH 2 DT, g DiHE
HHEr L TBZ o,
5B, ®=const & LT, UZMWITLTHERDZHFEIELWL,

ou 0 @ _®? dL(z) _ I*dL(x)
0T |4 0x2L(x) |y 2L(x)? dx 2 dx
® = const BB ZANF —ZREL LW LI, RDEIREENLBHETE S, [~
X7 RZ2WPL0 DBFNA—FITE DKL, & IWKAERZRLTEL, 22, WiEErz
ANDB e, WNEr oG E25 2 272 DHIET, HRBROEZZT 2L, 77770
BHABEDEANC Lo T, af Vo LERIFESINS, LirL, b LESGHFET
2, BIL0 TH 2 A A NITIIHERRKDOERDITRNS Z 212k b, EFICE, 2oLzt
EERWD, ZRUIA VX7 RN ERPEINCET S Z2I12&D, a4 IERT S
R ZZLZRIRNE DT E206TH S, 10 TA ¥ X7 X OMim%E FEi S 2 DIFIER
DIEHEZ 02T 2—DDHETHSDT, HAEHOHEE 01X, a4 MIEHR T 2R —E L W
&M —HT 5,

BRI 0 DT, BIREARTIES 7o — 7 IR T 2 RSB REI IR L2 W R
h =Rz 5, LIXLIEX TBERERICIIKABRIINS (RRE-LKB) ) LEbh
20, ZAUIIEBRGDZL L R WHEDORITH D, RSN Z(L T USSR OE
MEWDR XD ENSELENTE S, LrLZDOHETHEEEL— A ITHRT 2RI
ToL—ERDTH 5,

F=—
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BIEERE VWS LR EMNEREZEC2HEDBONL 52, HIFWADOHIZH B OER
N—=TBH %, ZNEDNL—FITHNL TV B ERIINBIGDOHETE AL AZT 5753,
N—TF IR T A2HMRE—ETHI2DTH S, TOEKWT, WHICEET 2HHm, FrcEARIC
B 2w ClE, BREMZR L 138 T THRZMUIZHRE TS e 2RS35,

2B, N (8.7) 1%, HR, —HRBEATHIZINZY L /4 RICHHEHTE %,

{1

U oI _ LI? _ poptrn2lST?
2 2 2

DD, MEKROD 25E0WKTALF =1, AL TITHL, HZEAS VX7 XDZHD
pr ETHEZenEhrd, —7, BEROREICIIWCER L, DI s 5, BRI
Li=1+1,=pul ks, bLEERL PELEFICHD L LIHED, BKAT ALY

RDEHI1TH 5,

(8.8)

2 2 2
2% b, KX (88) IR, BT p, 1, REVWZ LT D,
ZOENIY _cila“éom%%/uz LTBLIRETHA5, R (87) DI LF—D

AEROEDTEREZRTAL S,

(8.9)

dU = I(®)d® =I,(®)d® — I,,,(®)dd

I
U,

ZD5b, F-IHITRHZWROEIMIES =1L —HTH D, K (8.9) TRENZHFA
BWRTANLF—DHEINTH 2, —77, H_HEIMLICEINZ T LF—THhH, MtEiEz
TSR BERNFNIANLF - LTEEINS, 2% D, MATAILF—DBEHEDOERTH
2R (8.8) DA Yy HE 7 X ICEHMEINZ =¥ —1F, K (8.9) OLHLHHKOB K= 1L ¥ —
5, BLIZHELN S NENZINF — D2 BT 20BN H 2D TDH 5,

M BERSAN T RV F -2 HE T 254811%, X (8.9) BIELWVWA, MEADORED 2%
DNEFET I, 2L 058G, BLIKRERIAINF -2 — 2 Eik$ 2 DITKEL DT,
CHHHEMICEEN S (8.8), DF DMK ALY —DEHEDERZFHT 2 DHEET
Hd,

%8B, 8.6 HIT, ZHRDDIELMERTD, U ZIEAR (XLEMoEZSE) 2krFFox
INF — RIS 25030 %, 125, WHADBRAAEE YD DA LF—DERTE
5ZElli%b,

u un’1? B ,uK2 B? __HB
Sl 2 2 2,u 2
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X5, BERBIERIEOGEICS, dU = 1d® »5#MELT, du= HdB 273D, &HT
ROERZEFITTHZ tu;b HAARELY- D O AL F -85 5,

u:/HdB

8.5 EHEDIEBRCILITVVI

Pk, —fIcBERLEBRP—DODMERN 2 BIRICE S WEER L TE=0, 2Lz
BRPEMICE S NEERL LS, EHL T2 omEHEBERICE < OA—L >V (Lorentz
force) XA THEZ LN,

f=p(E+vxB)=pE+pvxB=pE+JxB

57, WEHORWEEZZEL LS, 20l p e J %, divE AB XU rot B Xz HH
T, EGICEDEZMITALD,

f=pE+JxB

1 E
—E(zodivE) — B x (—rot B) + B x ag)t

Ho
=eoEdivE — egE X rot E + iniVB — iB x rot B
Ho Ho
OF 0B
+5()B X E—goEX E
. 0 9 1. 0 0
=1 {50 [8x (Ew 2E ) + By (ExEy) + 5 (Esz)l
1[0 9 9 0 0
+ L‘?x (B - —B ) + a—y(BxBy) + a(BmBz)]}
0
+ 3]+ k[ ]—an (E x B)
8T1/a; asz 8TZZ
—zz ox; 8t (8.10)

CIZT=HHDFESE, ¢oF 10t E iﬁ@é’ﬁﬁt, B/uo & div B AONEZAM L TEL
TW3, ifi, Tij & g bi%@i‘ﬂiﬁ%éh%o

E® 1 B?
Tz‘j =€y (EZEJ — (5”—2 ) + — (BlB] — §Z]—> (811)
Ho 2

g =coE x B (8.12)

THb, 6;; 132OFYH—TFTILAR (Kronecker delta) T, XA TERI N5,
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&jz{o i#
1 1=y

FEE, SHBECE L ITHY, DHEBEMOFFOHEMAE Y D OFENER R g, O
MR BHBNZZ2DT, UTDISICEL 2N TE S,
995 g

—v.T - =2
ot v ot

ZZT, 7N (T T3 RIZRADTILAT>VIL (Maxwell stress tensor) , g (3%
BIZDEFHE (momentum of electro-magnetic field) XIEHENTW5S, T 2TV ILTHD
720, V-ldgrad TH div THRVWIEREFRELTUILY, V- T OKRYOEKRZHET 572
DI, WA EMORITLHREIRETH 5,

CoXOWA% D 3 HHETHERD T2 L, XE2E605,

B
= dV(gk+g)=7{d5.T
ot Jy S

DS, IPEBROMMNES FEIT I Dh 5, IPBHKNRE WS ETE
263y, EHREICE g R2BHKAVESHREEATVS I ZEML TUILL,

B VS e EFERADZ VL S, B, ERIC/NSRETREYID - 72 &
12, yz TS DS (Tow, Tye, Tow) 172 % EFETAUZ KV BIZIE Ty DIED & Z1F5 R
71, BOr FCREMANCERIN S, 2L T T OERIEHTH 2, 25L&
W2, ZOITAoEEEMEZ FRNT, FMET 2L X,

FTHMBEORVELDADLEDT VYL EFMARL TAL S, 58, FHIZE DN
FCHD, ZOHAOEHEEZ o E?/2 tkb, 7, H, HEOFMIArERLTS
b, ZOHEDOEEMEIFMHEL TNT, —eoE?/2 £%%, Zhpb, EDHEICEEDMEZ
coE?/2 DFIRN %2, ZRALBELRNVTROHHDE S ¢oE?/2 DEMHNEZT 5 Z i
Db, ZOMHICED, BRAOMIZOAAHED L, ZOEEAFAIESH S L0
hEHTrvwbhz,

9, HVRBEEEZ XS, ERNRL, BREZHEMPKAICT 200, ERICE < L,
BRIROGIERNITHIATE 2 Z 212k b, Bz, Bk EOBRITE I/ EICE 1% 320
20, TIEZOBEBLKNROFIRNTHEHRTE 3, M A XOIEBRPEERICE ] »h
LRI, EEMRAOBESIMOBED, ABMAATEN 25, HRNICHETE 2,

T/, BAKET, AEOEBHRFALIIMAZICHLE>TED, 2hpiuc, BRIE—HRIC
DT HDTH2H, TUADBRNROMAE DFEMEINCERL2DTH 5,

BIHORVESOADGED T > Y Ve FMEN T 3 &, BLOEE LRk, B OHANC
FEDMHIZ B?/2u0 DFIRAZRZT, ZArBEZVTROHHAOHE S B? /200 OEMEH%



106 H8E NI AiLF—

T DL, ZOMAIZED, MAKSZOHNHED S e L, ZOEES NI S

o WVH T vwbis,

WNOFRIERZ O X S WCEREI NS0 6, BICHE < i, BB ERE ) CiiiH
TE5ZLITikh5, PIZIX, FAMCHEASERAILOLEWVIZT 2N LTI, ZOA62MES
BEITARDERDIRDOE TETH D, N THETHS e, HENCHEBETE S,

BELWESED D5 L TOFMEL UL, TNV RIBIZIERS R, L LENRIGEIE, &
FHIEXIIRE L2BEO 6T, EBREEAIMRE L2rELSRWDT, Zh 2L RIb I &k
DHEFTE 3,

RIZ, BINRIGAEZESEL X5, ZOHAEIIE, g DREMZ N TL 3728, BERLE
ICE < NE< 7 R 2 VBT T TIREHRATE 2<% 5,

AT ORELZ ZbDTERIZLTWL &, EATIEGEDNHL Ko TV 2o, ZORIE

f%%ﬁﬁ@ﬁdﬁx1m<téoo%otﬁu 71 & B OE R ORI B b 5
bDTH 5, WHEIX, HOWEEDZ, EBARIEBDER (action-reaction law) T 012723
Z e AR T & 573, %DGif;o“Cb\tcL\ 2%, FEFHRIEHOEANIBRZLZVWDTH
%, ZDEZ, g OREMANCLDFHATEZ2DTH %,

HORFEEMNIEHETH S, 20D g ZBEWGOEFRELIENZ2DTHS, ZDIE
FREROIEI ORI LT, BHAFETIEEDODTEZL DT Ky ZABFREIATY
5, ZDINRTH, ZOEMGOEFHEZERBT LI LICLD, HFETZ22 2 H>TWT
FELW,

WE»HY, ¥iZ D =cE, B=pH tfEOBEE, f2, BHERN, BHHERIC>
MBI TBZrI&D, WHORWEGED ¢y, po %, &, p CEFET BT, IXT, B
ZOHELRILREEPEHTE 20T, XA ELNS,

E? 1 B?
Tij =& (ElEJ — 5”7) + ; (BIBJ — 5”7)

g=cE xB (8.13)

::T&gbfﬁbmwﬁ,zh%®fﬁ FBEBRPHEMERICEZONZ AL —%, T
BRI AN - LTHARAAREGEDORTHE2 2 THB, Lizh>T, ZITiHE
SN BHESKIIEINZD, RIS DHHAAEN TV S 2 5k LR T IUXR 520,
Bz, X 8.3 OFABMRILIR LTI, E XFABENLFBEINETIHZZERLCTH 2D
T, IS eE?/2 ¥ e0E?/2 ¥ B2 3, LirL, ZDEWZ, RFZHWENISHDETHY, §
CRITRT L9112, BHRSINICHIZFRICTH 5, FATERF ¥ 80 ROHNICEBEERD G| XA F
NBMREEZFHAT 2012, LIXLIE, BRIMOMA DL OFERTH 2 Ll Lz ENZ
CReNZD, ZAEMEVWTSD 5, HERFEOENAAHWI5WKTH 5,
2O LREEVWRZEZ IR WD, TMERLHRIEERZDZLIRNTOERN (2E
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fif), B (RER) KHLTHBE LAY 2 VB hE# 5135 2MEFTH 25, BRiCE
me LT, WERIHEELEIN2EMPEMD SO 2 ICTE, 2ok, BEZERIFELT
WBEDEREICIZHZDT, FITRLEWEDRWGEOER YTV EFTCICKRE, 2FD, p=

M, REREEZEZIVWIETTHS, ZOMRE, ~7 AV )Vt & EilEOEE) &
&, X B11) X (8.12) THEALNZZLITKDE, ZORIZAV L2558, m—L
YYNEFE LR TS, BHCWBONHD» 6, FEACHRERCEH 2RI
AJRETH 5,

Bz, FEEROREICOMERIFREINTNVD L, E, PTEBICKR S Z e PHISNT
WBD, ZOMER, A(E2/2) 2 DA ERREICE Z e A8 TE %, 72, FITFIR
Fy X ZOHPICHEERDPTRET Ao TWERHEIE, ZOFERDKmHMNIETDENI,
Pk E B eoE?/2 TH D, a5 ZAT & 5 IEMERE LRV, BRAI, HABEEMITIE
ANENZDIE, & (12) ETHHT 2 L5112, FEEROANEDOT y PHIRICK 5,

YHEYH D, FERLEERIIFREORTREMEL DY, D, TNLIHLFKTEYD 5
Hawix, X B13) b2 LT, XDLS L THATE S,

f=pE+JxB

=FdivD — erotH+B><aa—1t)
=FdivD — D xrot E + HdivB — B xrot H
oD 8B
. oD, OF, oD, oF, oD, OF,
{5 ) (e n Sy ) < (55 <0 52)
— (D OF, + OF, aEz + [simil tic t ]
T Y o . similar magnetic terms
. oD 0B
TRP F O G TR - % « B —D x =
=TI 8(ED ED+u)+2(ED)+£(ED)
N ox gy Y 9T
+£(HB—H'B+U)+Q(HB)+£(HB)
. 0
#l 14kl - S (D x B)
8Tm j 8Tw aTzz
—zz - Tk Z ox; 81&

ZZT, Ue Up ERARTERINLIETDH S,
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%7, b HHDOEFESTIE, MoETORREZHWT,

RECLEEL, T2, TOAAFEHEZERD IS IZEFEL TV,
0D, 0
E,—/ = E.dD
dr Oz (/ )
\_O)bl_jlil, Tij & g &i?ﬁ@i‘ﬂ:ti%o

Tij :EZDJ — (S”(E - D — Ue) + HlBj — 5”(H - B — Um)
g=D x B

8.6 IRILF—DERERITAVIRTHIL

AT CEMIEOEEE OEBICE DL 2 X EFEL /228, MGEEEZHIF -0 5, BEWGD
IALX—DOHERICEOL IR 2AET L2208 TES, n—L Y HORDOWEHEIC v ZNHE
DETHENT 2 &, AR OBEITHEEXN, XRX»Esh 5,

F-v=QF v
I o mEEICNST 2 e LTRADELN 2,
f-v=FE-J

MIBDRWGE, ZOHRAD J 2 EBWG TEXHMZI TAL D,

1 E
E-J:E-(—ro‘cB—eoa )
Ho ot

1 1 E 1 B
:—E-rotB——B~rotE—50E-a——— 6—

,UO Ho ot Mo ' ot
=— — d1v ExB E°+—B
Ho ( ) 8t ( 2/10
=—div§ — Ou (8.14)

ot
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2T, ZHHDOESIE, B/u & rot EXOANEZAHL TEFENh TS, 2L, St
u bimﬁfﬁ%é ﬂéo

1
S=—FExB (8.15)
Ho
€0 2 1 2
=—F —B 1
U= + 2o (8.16)

ZZT, SERA>T4>IRYU ML (Poynting vector) &IN5, F7z, u iZHMAREY
72D DBBIBDIRILF— (energy of electo-magnetic field) TH 3, F—IHIFER TV
¥, HIHEIHRTANF — u,, TH 2,

TESE AT B DFF OB T 3L F — uy, OHEMIIEEY 72 D OWMETHZ2DT, KD LS
WKEEDHDIEBTE D,

E = —leS— a

HREETZ LD, EHIIBIHYT 3 &, EdEoR e Xl nEohn s,

2/dV(uk—Fu):—i{dS-S

NS, KA VT 4 VI RT MLVOFEBIERDD, BHAZEEONED = 3L F — DA
2ZEHBPNRED, TXIAX—ICFuRDIEHBTAILTF -2 EZATVS I 2HELTIZL
W, D% D, KA VT4 VIR PRI RXAXF—DFRNTH Y, HAmEYSZD, BN
WA ZILEF - \\WZR 3B,

AT & AR, VESRIEINE T 28581, f 2 HHEER, BHBERICE e LT, [Fkk
RETENTESDT, LD ey Ze, puo o p LEEIZ 27213 TI W,

72720, TRNHDIZRAF—REDEIZIE, HEICEZOND NFNZANF —REDEE
NTVWBZEWIRERLTELWVWI I, FIHOSELEBETH 2, ZOHEAICDH, FWERP
BULBERAR 2, IRNTHEZERCEWGEDORDIED BHEVRTWIEELZ WV, ZOHED
fERE, X (8.15) BXUK (8.16) THZHN B,

2B, AIFHOZEFRR E AFHOFEGENRZ, D TUTWS, Hik, BB T 2 HE R
S, —00BBRRICRAET 2N TERZ DA, ERLTE IS,

RAVT 4 VIR MLV EMGEHNREOERD TOLOTHTVS, HE, HEHOMHFIC
X, XAOBFRIHELNS,

S = g =c’g (8.17)

€00
Z DLHIBIfRZE, BRICEIMEERER L D, HE 0 TR TEEHT 2K FORNADHEITHIZ
AL 2B TH2, DFD, BRGIIER O TRETE T M Fiie ke 2 2 2R
LTwW3,
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HITET L AR, JERIERYIEDH 2558, BHER, BREERICN L THEL &L 5 %5587
MEITTE 2,

E-J:E-(rotH—aa—lt)) - .
:E-rotH+H-rotE—E-W—H~W
:—div(ExH)—(E-aa—IZ-I—H-%—?)
-~ divs -

72l, St uidXTERIN D,
S=ExH

T2, ue & Uy WK TERSIND,

DFED, WHEORWEED ey, pno &, &, p LR FoR %%, 2o, 83HOD
BTN F—, BLU 84 FUIR LMK 2 LF —D, BUKRESD D —8d 2%,
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mill
(L]

BhHY

b4 3%

RT T2 V25 b, BRRERGENO X572 b 6D EMZITED, K
B e TE D, AETE, —RIVREIINERGORGRICEE T, WL DB
ERAY 2 SN

9.1 ¢ PR DAR

o V. BIUJT L AZRUONIZIRTOOYILOEHFER (wave equation of
potentials) 256, A WHIERBICHIGT 2ME2H2 N TE D, FTAAT—KRTV
Sy BEENEZ S, BELOLEIC., MEMOEZRT VY v LB R Lk 512, B
BRHIG T, R 2D ICHEOET 2 HBEMOEZRT VS vy L E2EZ D, D LIZBMD
EOHTRT Yy LE, TOUHDEREDETRDZ LN TE S,

9. FAIK Q) TEILT 2 HERMPFELIZE LE S, TAMBMEDHTRT V¥ v L,
LR BRNFRE 725, DED, o(r,t) TREING, TOLEFTTI3O7 0 r 2 TRINS
BFTH2, r=/22 + 2+ 22 THEH 5, 1,5,z DMTEIRD LS 1C r OWINCE 2
b b,

9 _0odr _ 2o
ox  Ordx ror
0% _ 0 (204 _L@/ﬂ%+<z>2@z_¢
ox2 Oz \ror) r2 or r/ Or?
2, 209 82q§_182(r¢)
v¢_r6r+8r2_r or2

L7ehBoT, AAT—RT Uy VOREIAERIIRD IS 152605, 2T, r=0

PADOEATE p=0%2FRLALZO0 & L,
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10%(r¢) 1 0%¢ _0
r Or? c? Ot?
o) 1 0r0)
or? 2 Ot?
CORZHATALE, 1o 10T 2 —RTOFEEAGENRITZ-oTVWE, ZOIIL{AGN
T3 X t+r/c DEEDEBOERTEZ BN,

ré = f(t—r/c)+g(t+r/c)

CORZHRIMRAL TAZ E, EPICHEAERE M TZ I CIHAETE X5, #
W2 WETTREROWr R AL ZORTEHTEA3ZeRHIOATWAE, FRIZDOWTIE,
WA T ERO— R REYNICELZ 2 Lz, ERXRED., 2EBIXAnELN S,

flt=rfc) , glt+r/c

r r

¢ =

fEDd s mE A TL GETIR, g 3D o TA->TL 2%BKTH %,
W DEPFHET 2 LIEL TS, MHYWEHINEMED RV 23> TWnWa2S, KK
725 BAEDBHFINCDH B DT, TRTOFEIMNIFLLOMNAXIEHEL TV EEZXBI1E5089
PHRTWV, ZITEZLDGEA. fOARRAT S, Txrd 2T, DkoikinrED X5,
L2L, SOSNBHEFALTEBLD, g Z2&DTH, MBFET LIRSV, BHITEZ
DHWIEITTH 5,

Lo ERTAZ L, BBHLRIL XS R 1/r OFBKEEEZR > TW2 2190 5,
F72, RO SNHETHBEZIER L TN DBTH 3, =0 HEDMRIZ. B DR
MAICIZE ACBIER BT 2T THE0 0, Q) DIEZEHERBIC—HT 3133 TH
50 TDZEMBRD XD RN TFETE S,

L Qt—r/e)
4dmeg T
DN 2 HEROIEBR RS T —RT V¥V THbB, DFhH, ZF7—mVKRTY
Py IV ERIUBETIED 205, JHDEIBRHEIZ T BN RT Vo vy V2R L 2D TH 5,
BRDPODMLUTHFET 2L Zd. ZOXDLSRFIEBETE2 L5, ZOoREELADLYE
UL &,

(9.1)

1 , Pt —|r —7'|/c)
an_4Mb/dv =y (9.2)

R MVRT VY NMIZOWVWTD, FolLK AOFEEZEHIT 2N TES, Z05E
. J. DA R T, A R J. A, RRIUEECED T, LesioT, koK
WKL T, X KX%2183%,
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I(t— d
dA;:BQ_L_JZQ_I (g@
4 T
110 ,J@' t—|r — 1| fc)
A == A4
)= [av AL (9.4)

o0 2MATIUI, Fiax X4 OER AL BRDMBTEICD D > TOIUR, K4
WNEDAN T —BLORTZ PUVRT VT2 ABRETE S, B, X (9.2) BLKFK (9.4) &,
BERT V¥l (retarded potential) ¥ FEIEIL S,

02 HREBEEOHSE

BB AD T —RT V2L eRT MLRT VT2 LDl LT, 55 BITR L7k ERM
DEEETRZ Do HBEBANIIA S 2 ICEZENEICO DS T, KL WS DD E -7 HN
TIRV, ZHEARERERBERTH S, HlZ1X, RUICEMERET S & =, BEREAELZ
EWVWIHRIIEHET UL EDLORWVETTH S, ZOHAOIEMRHERE T 5120E, F SICHIHT
THRRZEN RGN DDEE R DZDTH 5, TOREITT IIESNRVD, HZIE - TX
Hik DR ZED TITZ 5,1

if\%ﬁthOT%%QO@@fﬁﬁh ZOBREMNM LB WEGEZI DB S, 228
YWo T, BENKRETOBNTD LEZVwDT, 1 ORER 22722 L, 0 <t < 7T
Q(t) = Qot/T T3, BHEEINBEETEZDTA=0LRD, ¢ DAZFHETIIII W,

BRIE 7 —m VGEERET P, SBHSETERUZ KT Yoy lid, t<r/c TEEEMD
BEUBRWL, 20L& D 7 OMIEXERDOILD LD RE L. S HIZENLETITERNR 7 —8
VIGREK LB Z T,

0 fort <r/c
Qo t—r/c

= — X
4megr

forr/fe<t<r/c+T
-
1 forr/c+71 <t

FIULRELEHSDAEXIET ., BHt TRF v o ay M RIBOREXDET VI v L
DZEMAHE WO TERHATE 2, FrOEL CREFRNLZZ —a YBr AL, @S TIEE
"DNE ERDBET, ct <r DBESFTRELEERFEED Z EBMED > TV,

1 inside sphere
Qo t—r/c
- ‘ ' 9.5
dreor - spherical shell (9.5)
0 outside sphere

72720, RMFEEREFEICK TR T, XD XD IR ->TWVW5B,

Lz ORI AR E B LR R S ., CATIND SRR BEERICEL DD TH 5,
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spherical shell:  ¢(t —7) <r <ct

inside sphere:  r <c¢(t—71)
outside sphere: ¢t <r

Zhe A=0%atgbEse, EXETOEBEBRBOL 25T, v—L ¥ REMH%TH
7L TWVWRY, ZRUE, 22 BEMEMPZTINERD S ZAIHHT 2 2813k, B3 Zh
KRGS 2 ERPMATORIFIUIE ST, ZRDMEZNRT MART U v LV EEHA LTV
METHD, ZIUTODOWTIIREILRIZRR 2,

0.2.1 XIFREhiR

T, ADT—RT VT v VFHIENORLEZDDERICICR S, NT7 MLKRT VS v %K
B BHIE. ETERDMEHDREDND 5, Bi/NITHRNRIz XS, BRDERD DL ZAHIC
HET 2.12iE, 23200t d 2 BB TR ITFUIZ S0V, BERPERED D S
W 2 D BRI o TRBINICTRAVAA SR, ZARFAICEMPREELZ DL L
X5, ZODIE—BERERDPMIVAOCKLELD 5, —BE 12322, BERMOKZXIE
Qo/7T 2725, ZOERIIFEFMFFCHH L TWED, ZOFMED S r MRS TOEREE
WERD LSk B,

~ Qo u(t) —u(t—r1)

Amr r2

TIT. u(t) &id. t=075 1 IZR2MBEEBTHD., GUOFNEAKRTO <t <7 O
PUOBHET 2 %2RT, BT, RF Uy e2RDZLTAET. ZOREIED Z 2 IXHEH
LCalam LT LoD RN,

BIMMEO PR v, BHSZ v B2 S\ IREE REEEL R(=7 —r) 2 L& 5,
BIRDBHFICIEE R MLRT VY v VIR ERIEEIED D 2 720, BHIA2 5 02N
c(t—7) < R < ct DIBAIRDOHEMOER L 0 EZ G 2700, £720 ZOBKK ELOERDLR)
REARZ A ERSINSE 2D, 2O r HADKT ULIHELTIRY, TOILZ2EZT
A%ZERDBERD X S1275%,

J, =
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3
. ¢
]
Ay
\
0
0 1 ) 3 7/ct 4

9.1 MFMIRIC & D FREAET LA T > & v L DFEST DL,

Qo/ 9 . 1  po r+ Rcosf
A, =——— [ 2
- TR*sin 0 dR df 12 AR 7

:—MOQO/deG (7‘+Rcos@)Rsm93
8mT VR? 4+ 2rRcosf +r2

:_WQO/C dRR[u(R+7) — u(R —7)]

ArTr?2

inside sphere

0
2
[1 — [C(t — T)} } spherical shell
r
0

_ HoQo
T T amen "

ct\? ot —7)7°
< ) — [ } outside sphere and for 7 <t
c_t
r

outside sphere and for 0 <t <7

fort <0
(9.6)

BB, TOEENIEMZ S DT, BUHDY 7 ML o TR, Zofge, K (9.5)
TREINDADT—KRT Iy L eilaabEs e, EbALu—L YA EHZL TV
. FOHINIFHEICEE S, THODET U v LR ERFANCEE L RS2, B 9.112
ZNE IS

CITEONIZATT—RT I Y ILERT MLRT VI v b EGPMEEFTE TS Z
EWTES, ZOMRE, £ A OBSFMELS B=02%%, $72 FE = —grad¢p—0A/ot
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DEFEFERIZRD & 51272 5,

0 fort<oO
t
Eo_% )t for 0 <t<r
Amegr? T
1 for7<¢

A DB REHEZR &, BHREREEICOL>T7—mn Yoz L TWs, 7.
WEPER IR B . AR RIS BRI L BIICALS B30 TV BT TH 5,

AERER Z i, ERIIOEEOFEIHNT IRV, ZHUIRD LS ICHETE 2, £3
OIS, FERIZHD S Bz EBURHIRNICTR LD, HATOEREGED? & WA X2
ZNERPTNE D% 272 T8 %o BNETISES DR EM T IS 5 DT, *%#éﬁﬁ
WRAET LIk 2, 2O%, BRZIED 205, 20L& ZIIFR RO ERDIE 2 LR

DEGE OEGEDL S, AEICH R CTBEOELGIRFE X2 215880, DF D, ERMBERIZ

WIZ, REBICY —a YROBGPFET 5 LITRDZ2DTH %,

ST, REBICEGNFEET 2 0% 61X, BRI 2ucHpl LB RS HENS Z L2k
D, K. B FERAERIIOCEIBNZ NI EIZRE2DTH 5,

BB TR T XD IRZERFNIMED K VRN LT, a—-L Uy AEAFERALT A
ZAHET2IEODNETHE, B—L Y REHZHFEZHZ 2 RD K57 divA BT 50
"Fohd,

0
divA = —EoM0 =T ot

DED, —0¢/0t EBHD XD IWE o T, AV RDOEANC X Y EH%Z KD 2 FiEZFIH LT,
AZRDBEVWIHETH S, £3 —eoppdp/0t ZRDTEI 5,

—Eo o = T p— 1 spherical shell

96 o O ) 0 insidg sphere
0 outside sphere

DEDERR r £ TOMEIERD ZERE OHEME 4?2 THRLEDDODB A, k13, ZOFEIZ
:T:t( . ) tfﬁ%&:—ﬁj—%o

BB, oD —0DEBREZRTE. XRDXLSITK 5,

Qo 1 inside sphere
" dmegr 0 outside sphere

A _,uoCQQot 0 inside sphere
T 47r2 1 outside sphere
FrHZL, ABT—RT I ¥ ME, 7—mYERTUI Y ARIFEr =ct DIHLE
BXERLDVS, RAICZDEEFENETIT TV, =/, ZORHT7— *T//?W@%
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2T 272012, XZ PVRT VS v VDEREDP S, OB ETHMEZIHELEST 5, 2
DRYZ MVERT VT v VE—m TS 2R DL 2 IR L, HERADPFRELZ 2 2AK
HWT 2, F/BRe e DIBHLANOHBEIL TWE e, ZORAMEIZRRIC LS L TR
HEL TV, REBRIEBEREE TN 2RI T —RT YT v VEIPEET 2 2 212k 5,
ABEMOGAEICE., TOXS R LTHEAREIDTE X 2B RIDIERERIC K - T,
WEAWCHELTWL, 2F D, WMEBERITEADE S, FAEBEANIEEDOIFRIZAZ T IR0,

9.2.2 FEXIHRmHIR

DT, IERFMCBEREZITEATIHEEEZ LS, 2 #lCih-> T, Al &5 ERERICH -

J2ERICE > T, RRICEMPEAINIGEEZWMONB S, /2L TH, 0 <t <7 OFFfHE,
FERBI Qo /T DTaNT=dbDE T 5,

BHZTICERHT 2, BiNGIEREILIEZ L TOWEDT, ZRIMERZ AN T —KRT VT vl
. R (9.5) e EDSRV, — . BROEDZRZ MULRT VS v L TH B0, 2 filth oM
FEREC R BRI, Bt IS N B RT FLRT U v UE, ERIEEDND 5 7-
B, ZIDEDYED c(t — 1) LETHO ot LUTCHFEET 2BRL T kD, SEIXERD

B LIS UDEELRWD, ZOFBEIE2 R D@L D DT 5,

DI EEBEZTAERDIZERDEI RS, 7B, BHIED : X+ ADEE%E. &)
KD /B S, BROWMN TV 2 Ml LOIRDEER 2/ L LTEI S, T5&. Lokt
Fet—7)<V(Z =22+ R2<ct b BBDT, \/At—T1)2 - R2< |2/ —2| < V22 - R2
Eb, DFED, BIMEEO _ELOEEZITE 22k b, "B, RPRELL-TL 3
. ZOTEMEER L. Wt < RERDE. TOFRMRHMTTHEBITIERS 5. 2B,
TROEEPDORXMET I THEEORMAELA TS S DX, HED R 2 X T oEiE
NEFLDTEHERLEZDDTH S, ftE LI LM ZOMEORABREMEL, T EZOEDNK
AFERZ A UL X0,
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1
AT \/ 2 R2
( —/E (7P B2, o RE
log<z—z+\/ +R2>
2—/c2t2—R2, z24+/c2(t—7)2 — R2
inside cylinder
= IUIOQO X Z+1/62t2—R2
AnT log <z' —z4+4/(2 —2)2 + R2>
- VEERE
cylindrical shell
( 0 outside cylinder
(L (et m ST e )
o}
g(d—wk%Q R?)| +Vk2 — R?]
_ f0Qo » inside cylinder
S P Ll lindrical shell
0 cylindrical she
gct—\/c2t2 — R? Y
L 0 outside cylinder

mB. XKPEEIALKHIX, 2 < 0T 22OEAZHOEKRZFRWZRD X 5 23T
b5,

inside cylinder: R<c(t—r)
cylindrical shell:  ¢(t—7) < R <ct
outside cylinder: ¢t < R
72720, ZOFEIBHIRDFEAIGES RoTL 2L LR R-TL %, FIZIX, HAD
T OIEFETIE. BIRBEO—ED» O LI EZZ TR0, TEIEH LTV &, Eiddc
RDE SN OPDFEBICT I OENZ e Dh b, BB, riZFEEH»SDHERTH 5,
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( z—4/c?(t—7)2—R?

log <z — 24+ /(7 2+ R2> Ry — inside sphere
z—+/c2(t—7)2—R2,0
log (z’ —z4+4/(2 —2)2 + R2>
poGo VBT RZ, 241/ (i—7)2—R?
A, = pp—- X spherical shell, z < 0, and inside cylinder
0
1 < r_ I 5\2 R2>
og (2 —z++/(2 —2)2+ ST
spherical shell elsewhere above
. 0 outside sphere, 0 < z
( c(t —7)— /2t —1)? — R?
log inside sphere
ct — v/ c2t? — R?
log (V22 + R2—2)[e(t —7) — \/c2(t — 7)2 — R?]
o
_ HoQo (ct — VA —R?) [c(t — 1) + /A2t — 7)% — R?]
AT spherical shell, z < 0, and inside cylinder
/2 L R2 —
log ; : \/—'_%27;2 spherical shell elsewhere above
ct —\c*t? —
0 outside sphere, 0 < z

T3, AL, TARTORATHEKNZBEE L 7> TWa, Lorentz 5&FD AL % MGEE L T
BI5, divA =0A4,/02 TH3»5, Lid A, DFT, 2 TKFTE2DDEHLTAD L,
spherical shell D& ZAEFTH 5, £7z 0¢/0t R CHEIBIZ UDFEEL RV, Leh o T,
ZOHEEIZTHRIEL TBIHE X VW itk 3,

99 poQo 1 2 1
div A = -1 2| =
VAT otlo 5y ot ATT |22 4+ R?2 — 2 \ V22 + R2 + T 0

BRI, SO RT Uy V2L THIBICHET 2 22 TE 5,



120 BOE BNERS
1 = — d—r — — — — — '>/(\ \
- — e — — — \ \ N
0 >
a0 L A
-2 -1 0 1
9.2 JENFRANRIC & D AT B3 E X FEAKL K DIEATTAM D,
0A
E=—graddp — —
grad ¢ 5

rt k

1 1
) inside sphere

([r & -
B\ Rt 1R VPR

2 1

rt k 1
Qox(

BT cr <\/c2(t—7)2—R2 N Ve2t2 — R?

spherical shell, z < 0, and inside cylinder

P T Rz)

spherical shell, z < 0, and elsewhere above
2

- 4’/T€0
k 2
ot \ /Rt — 1) =
k 2
ct \ V22 — R?
0

ZOBEGZE 9.2 1TRLTBI 9,

= NETE R2> inside cylinder
C —

) cylindrical shell

outside above regions



9.2 mMERDOFEE 121

aAz Ko QO
rot OR 4T

( 1
l_ (t—7) ¢&t—r “ R\ E(t—1) - R?

inside sphere

+
(ct —\/02t2—R2)\/02t2—R2
_ 1
c(t —7) — /At —1)2 — R?]\/2(t — 1) — R?
1

c(t—1) \/6275—7' — R?2]\/2(t—T)2 — R?

1
- +
(\/,zz—i-iR2 — z)\/z2—|-7R2 (ct — V22 — R?)\/ 22 — RJ

spherical shell, z < 0, and inside cylinder

[ 1 1
- +
x | (V22 + R?2 —2)V22 + R? (ct—\/c2t2—R2)\/02t2—R2]

spherical shell elsewhere above

1
c(t—7) \/Czt—T —RQ]\/C2(t—T)2—R2
1

" [c(t —7) + /2t — 7)2 — R?]\/2(t —7)2 — R?
1

1
— +
(ct + V22 — R2)WV22 — R? - (ct — V2 — R2)Ve2t2 — RQ}
inside cylinder
1 1
— +

(ct +Vc2t2 — R2)Vc2t2 — R2 - (ct — /22 — R2)\/ 212 — RZ}
cylindrical shell
0 outside above regions

722U, GO tik, z 2L 52 MHOBERAROBEN N ML TH 5,

DG, BEIFEADMEIIHS PIHEETIEDL > TV OB R LN S, FABREFEAD
BRI SFEINZEHIGE, FhsZ2Hb e UHEE ct OFBICOAFEL TWS, £, It
RS T, H9). 7 —a VBRI T, @ENREGCHIGOTEEST 20, TA5IEX
BIEZAE > TV, RRICIE 7 — 0V EHOAPEERD Z 212k 5,

L. REMBPILMEVA YR I R R2HTHEETHED N TWS &, FEEAIHAS
T Z DEMS O ZFFIH T LR X\, FERNHSIIGEROFELEN S, Th
M. FEBRMNOBDEZTH %,
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9.3 BHROREE

HIfi TR L&D, BREBRTEAT S 2, Z2OEH D ICEBREIER SN, HETIK
BLTWL, LU, EADKRT TS, ZOBEBMBITOVINERICKR->TLES, L. &
MEFEALLD, 5l2RVID T 22, KAEWKTY &, BRGHREIESH, HETIKR
boTWL,, FrC, BRIGOIRIED, &5 T 1/r IHBILTITL & Eia, Zhz B & MR,

EHINCELT 2IROIEZRT > v uid. KX (9.1). BEXORK (9.3) 2260 BERR r/c 23
HETHIEEEZT,

Q ejw(t—r/c)

::4ﬂ50 r
4 NOI dr ejw(t—T/C)
4 r

THEz2 60 3%%2,

9.3.1 BRE—X2 MDIEBZEBK

HROEHEN S, EBRE—XA YV IEEZ, FO_ODOMEMBAEMR LICRBFET2ERERL
T, BEALSIEHEEITS, EBMD (0,0,6/2) 12, AERMD (0,0,—5/2) iCHbH, 2D
BEERPEATVEIDIDE TS, £/, E—X YV PORX § Xt/ 3nwe T3, Bz
DT HLEIMUTIZDZDT, E—RXAYIOREZZp=pk 32, LTDLIITHEZON%,

Q) = e

I(t) = 2gjw eJwt

INHDIEBRT v Vid, EENTHEI2EZSL. RDXS RN THETE S,

2 FHRDETIE, 9 h¥lT e Wt LIHWEAND, LEDVoT, WHROANZ. i=—j L LTEHLTHA
TIEL W,
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p (eltré/2)/e]  giwlt-r(=8/2)/c]y . piw(t—r/c)
"~ dregd { r(6/2)  r(=6/2) } T Tane P A
_ 1 ejw(t r/c) 1+ 2= ]w (p ) ’I”‘)T'
 drweg r3

Ano 52 \/(? —2)2 + R?

_ P I ju(t—r/e)
4 r

22T () BROE ST, BHEDS 2 #E Y 2 HBFEAETOEMTH 5. (6/2).
r(—5/2) REBFAETS 5.

INOEZELB L UG

arad((p-)f] = gradl(p-7) - 2] = pr L (prye &0

ZHWT, XOETEZ6N 3%,

0A 1 ejw(t=r/c) fop jw 0
E=— do — = d . ]w(t r/c)
grad ¢ Ot 4meg sra {(p V) ] it r Ot°
eJwt r 0 jwr\ e—dwr/e LioP w
_ Toom (4 piw(t—r/c)
4eg [p—k r(p r)ﬁr] [( + c ) r3 } + A7 7

ejwt jwr efjwr/c
4reg c r3

r w2 e—jwr/c jwr e—jwr/c p w2 .
“(p- 314+ L piw(t=r/c)
+r(p r){cz r2 ( + c ) rd :|}+47T€0027’e

1 |:(1 + j(u’l") 3<p ) T‘)’l" — sz + W_ZTQP - (p i 'l")’l":| ejw(t—r/c)

- 4req c rd c? r3
B =rot A= r 8A
8r
_ . MoTXxXp0 eiwt=rfe) Mo T X% p elw(t=r/c) jwr )
T Ty or r ~ Y T r2 c

— jwte 14 39T\ PXT e(—r/e)
A7 c r3

B E 2R TA3 e, 1/MEEE, 1/8E8. 1/8 AL CRET 258AH 2 2 L h5h
%, PIDHD N —FFE—R 2 FMEZFRE L ORE —HL T3, XD NV— ik
BEMIIN S, BRBEDOINL—T1E, A DRI » O TERIETH D, HHIRELE pop/4r
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THolh, ThE plinegc? ICEEWZTWVW3, THIEH L MIIN 5, s =fHED
BRE c/w = \/2r THZILEEZ DL, A/21 & HVOREHET, HWIREHEL A,
ZN K DETCIFERIL. a8, SESBOIRICAZ R KR oTVn L,

5 Bd, 1/0E8E ¢ 1/0EEE OREE, SRS TV R A, BIFIZE S - N — Lok
ANZXIR T 2 M/ NERERDIEZHHSEZ DD DTH D, BREIIBWIKTDH 5,
IEFITETTIE, BRIE LB 20, EHE 2 HFAOES»HDA LD,
B3 2z W2 EES 2 AAOMAD» S DARITIRE, £l TNHLDEHERTASZ L, DI
cosw(t —r/c) ¥, FMTEL, X5IEE 2 Hlazm & X, e - @iz EET 30
HmZEA <

KA YT 4> RZ PR, E v B OEBRLORNS, RO L5124k 5,

S — iRe(E) < Re(B) =t x k (5—2)2 y (%)4 g cos[w(t — 1/c)

S F /B ICHBI L, DS INEHE CES, L BIBOAMED T, OF D 2 #ir SEEN DT
MZm <o

9.3.2 WNERIN—TDEZEBK

RIMET I/t DN B EFRN— T BEWKRERET 2, COBRDOIELZRZ FART Y
SR NME AN T —HDRA T =2 ZADEM §, ¢dr = [dS x grad¢ ZFHAL T, XD XS
12725,

[ el T Joo(t—Ir—r'1/c)
A:f FOZ g © — Ho /dS' x grad,., ¢
c &7 S
w

4 lr — /| 47 lr — /|
T jw(t—r/c) jw(t—r/c)
=2 [ 48" x grad N o S grade—
Am Jg r 4r r
_ P geti—r/e) (14 JWT ) mXT
47 c r3

INoN6, REBICELLWMEIFHRETE %,

0A
E=——
ot
— —jw@ 1+ Jor m_wejW(t—T/C)
A c r3
B =10t A

_ Ho [(1 + jwr) 3r(m - Tg —r’m wj r(m- T)S_ r’m pw(t=r/c)
r C r
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SEIRESS B OS50, 1/BEEES. 1/8EEES. 1/BEEE' (CELBI L OB T 2 THD Z L — T
Hd, TNZEN, V—TDIEZEHES. S, BREBICHIGLTWS, & E AT
% 1/PREES. 1/8ERE" OTED 2L — ABEES. ERICHIEL TV 3,
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F10=
BERERTIOYvIL

BRODHBGEDRT VS vy ILOBTIE L DHEBITH 2, Bo L, BRE WO HlER
D, MR ED X D BRZERNIRS R T L IBMEDRVLLTHA S5, L2AL, £H50V-oTWH
THHESRVDT, AJRERIR D, BIRERT > ¥ VTS HiEERZ 9,

10.1 EFERATORTVOVIL

T3, HEOERFDEY, WMEEEZ XS, BEPTIX, BIETHIBERE X 51K
VL35,

J=0cF
ZOREEBIEGDER] (current continuity law) ORARAL X 5,

dp op o ap
divJ+ — =0cdivE+ — = — — =0
VI e TR o T P T

ZAuX, FEREM (dielectric relaxation) DX TH 3, L7zd3-> T, +oREIEOE, p=0
ELTEWV, 2D, ERIFERDORMAZINHFET 2L LTEW, 251, o B THREN
. J=cE OFE» 5. BRO J ZENKT 2720123 E 3RO RNhxL k5,

BRIX o DIFFEICKERMBTH 2006, ZOFERME—BCLTREZZ2Z k2, £
7o IDAERRIZEZ7-012F ENFLAL 0 TRIFNIRS LR S, #HiZ, E=0%)R
ETDe, 3., egdivE =p &b, BEEROHNIFTIX

p=0

BEOLNDE, ZOMRIIFERNORKELFRCHMTH S, I HWKERAEDK rot E =
—OB/0t DEDN 0 ¥ 2B HXANEEN D,
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OB

i 0
DFE D, BEDINHEZE L v e v S BiEHEKE (freezing of magnetic field) OJFEFAE D
%, I, ¥7 AT 2 VTRAD rot B AZIHMI L7z DIC E X B O&MAZIRAT 2
kD, 0J/ot =0 DFETZ 2, 7B, BIREARPTTIE B =020, ZHud
FHREARD B2 2B 0 DA TIEI R VW L 2R LTV,

XC, FREZEHIT 251 L TIE /0t — jw LEL 2D TE S, ZOHE, IXFERIC

VBB OETICONWTS B =000FETE5, ZOKREZ, FICER (quasi-static)
EMELR, DLEDORERD S, BRIFEARRENCZ T UPFEELROWZ ED T o7z, £z, Y

M35 520E, BISEAREREICTE T LAFELRV, DUk, MERILRRI Tl 3 2.0

102 EFRETORT>vIl

ﬁ%@ﬁﬁ%%ii5o”f KA XS CEPNFABROEBEEZ 5, 22
. BHFEORXOEDNEZEHH L Th s, BHORMMEE MO RDNIIEIIR 720 T

t\ﬁwW®$%d01%5 . ARG DN e s, ZOWEFESIERD R /h&l

TEZZe%2EET L, BRNOEZIIHL, ROXPESI S,

EtZO

F7. FUBROMEBIC, BGORBEETS 0 TH2 I 2 @WHL TAS L. BHDORME VAT
DI 72N &, BRRNDHISIE 0 TH D Z e b ROABB/LEND,

B, =0

I B oA, BARKREIEDZEMM O BIGHG M- T NEEFTH 5, 2= OER
Bt L, 2o OEMFIFIEREMS (boundary condition) NS, X512, [\ UMK
DFEBICELGORBHES LA L TA S e, HEMBEEICETI2ROADBE LI5S,

g = SoEn
[FERIC, GO EEFE DT Z KD TAHD &, HEBEMEEICHET 2 X0 GO 5,

B
K=nx—t

o DBRE, 10.1 12”9,
RIZEBRNDORT VS ¥ MIZOWTEZ LD, TDE XROADLMIT S,

E=—grad¢ — jwA =0 (10.1)
B=1r0tA=0
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X 10.1 EERRETOES L HEMSB X OGS 2 HER. BB NG EI1CE By &
WS BB BN S,

HoAED ARBEYRRAD 7B ¢ OB TRT I LHTE S,
A = grad y
ChzHE—RIRAT2 e, XXE/L I TE S,

¢ = —jwx

RHCHEERV D L 3E RSS2, R (10.1) &b gradg =0 &4 D, ¢ = const £7& 3,
IO FER 10.2 12T,

BARETIE, TRODRT VY ADBZDEE, BURNANSERL TV Z TR S,
E,. B; £ 3EARREICHESINL-EMI, BRDOREHR LR > TW5, BiE O FEKHE
Dp/On OB CTHATE, HBEONEHUE A, /On OAEKECTHATE 2,

10.3 EFRCEROEZFHENBIANS—RTUI vl

BAROZIRNCE RZEL &, B LICRIEEFOBHRIDM L THESINL, AN T —KRT
YIxILE, TS DEMIT K o THREINEH, FEER (induced charge) X, EIGHE
RRENCHEEITR S X5 ICEE X AR ITIUIR SRV, BIFNRIGEICIE. BBHITIERS bLR
T YT X VDRRDBA 5 TL 2DT, FEHEHETZR Z 2127220, #NRSBEICEEARRERE T
¢ = const &7 %,

Pl zE. —MEHOER & MRV IRDEARDIESL A H T — KT YV R TAKS, 7.
MBI DIER A T —RT V¥ ¥ VIERRTEZ BN 3,

X 10.2 EFEEHNORT VT vil, BHEERD, K7y vy VIIRETEETRITIUER
5\, HEESAOMDIIRE THRER L 725,
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X 10.3 TEDICERODALEEDEBHOEZR A DT —EF T v, HEDEIKAE
{723 SEMTITIEFEZ BN T WS,

_ Q1 4@ 1
degr  4dmeg \/3,;2 + 42+ (z—a)?
272U, BRIE vy FHIZH D, L EMOESE z=0a &F %,
EBAREFOFEBEMIZD 2 < 0IORT V2 LE2FTHHEITHENRD B DT, HEBEMD
2 < O0WHERRT VT ¥ MIERDOFEZ L TWRITIUIR S0,

Q 1

P= ~ dmeg Va2 +y2 + (z — a)?

FHEBEII ETHMOERT S v L E2EoTWVARIETHEDT, 2>0DRTF I ¥ LIZZDOR
0) z— —Z Zj—ﬂbi\?%foﬁéo

Q 1
Ameg /22 + 2 + (2 + a)?

¢ =

NSO 2 <0 THRO, F/22>0TRERDLSITH B,

. Q 1 1
dmeo | a2+ 2+ (2 —a)? Va2l +y? + (2 +a)?

CORTVI¥IA%®E 10.3 121”7,
CORERE D, FHEEMRMEEIE —cograddl,—o KDEFHETEZHTE S,
Q 2a
T A 3
4 /22 +y2 + a2

RO Ao, Thze IO VPHRETHEHTT 2, —Q &%,
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7B, ZOZEMANIBT 2 KT V> v i, BERZHEEICHZ TR 2OHFBRICMHEIC —Q
DEMEEE, FEHERMEZ O LEZEZORT YOy LOKME =BT 5, 25 LiitERR
L XN 5,

10.4 BHFRCFHTLRERRADOESBIGERI FILRTYI vl

HRPHEHOEARD Z XICERBAZEVWESGEZ2E A L5, £3. BMERZ vy FHEHISF
TIC x HIANCBWIGE 2B 5. YR, ZOBRBAE o B ULrFkonrs, A, Ly
FAELRN, Lrd, BB DOMEI + o0 H 2572 F %D T, REMRBMES AT 7 —R
TUYXADEIE, 1/rictflT 5,

pwoldsl  polds 1
T 4x r 4n \/$2+y2+(z—a)2
W EOFEEM (induced current) 3 z HTAEDD DI THITHSDT, #HIHT A, =0,
A, =0TH» 5, LihoT, BHENTIErot A =0DEMAID, A, 13z DADBET, &
HICdivA =0 &b A, =const TRIFIUIR SV, BIRFT A, =0 & LTHRICHED
BNDT, G, 20 X513 5,

IDEIT B, HIEiDRS T —KRT > v VERBRRRWT, ZHfOXZ M LRT v
SANBRDESIIRDZ I EHTED,

Az

Az

ol ds 1 1
Ar | a2+ 2+ (z—a)? 22432 + (2 + a)?

NP OGRS, RDK 51Tk %,

B

_ ol ds [ (Oa—zy) . (0z+a,—y)
- 3
im 2T+ (z—a)? PP+ 2+ (z+a)

23

Zo%ES, EHHORT V¥ vy L LG, TTOBMBR OBEBGOMEC, #h X DERR
FEZBEW:-2LEOEREDEDLGLRoTWS, 2%, SFIRENENTDH 3,
BENERZ MLEFYS Y LE2E 10.4 125F, M2 513EAE DO WAL
D, 2z =0CMAo THFIACHPLTERZ A, D, 25005 08K2, TDLIIIA,/0z W
ZT 5L ZAZE, FEERPTFET 2T THS, HE2WVE, AL I TH20, AD»D
z =030 B Z2RDTH, BERIEIFHFEERDTRNTVWE Z EFHETE, ZDOHEHIEIX
DEITH B,

Ids 2

K, =
: Ar (a2 +y? + a?
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> o > R = > > >

- = — > — - =

—_ — — —_— —

—_— —_—

—_

—_

—

v
L A T S S
AN SR S S S 2 A 4

A A A R

e bbb
M A R N A A T A 4
L 2 T SR S A

— —_— -
-

— — =

A S A T A

L T T T

10.4 T H BRI ATRERIMEDZ R FART VT vib, X7 PILDKEX
13X 10.3 D ¢ LT 3,

105 BFRCEELERRADESIBIGARI MILRTYOvIL

BRBADPERICEERG GO NP LR oW TH S, W5 DIFHEERHEA
FHIZIH > TL2WMOA LN VDL TH S, DF D, BRBEFDIES A, I L. iFEEMRIZ
EXFR Ay Ay 122X FUVRT YT v VEEDH T TH S, 3. BIREHFDOIES
A FVWEFTORDPNEFAETHD, RDKXSIT485,

polds 1  polds 1

in T 4T Rtz a)?
ZNLINC 2 ARz AW BRI DIER VS, ZORIIZEHD AR ST, BEROHIZE TR
VARSI

EARMICIIREISD RWVIETROT, 20 A, DIEZHBEHET 2 L9518 Apw A, DFAEL
TWVWAIETTH S, BHERRFHEEZ. A=grady DRI DELNDS A, = Ix/0z ZFIHL.
X 2R 5,

A, =

:/dzAZ: O4Idslog [(a—z )+ /22 + g2 +(z—a)2]

I, BERD A, A, ERDBIENTES,

A _ polds x
dm \/x2+y2+(z—a)2 [(a—z)+\/x2+y2—|—(2—a)2]
I

Ay:_uo ds Y

Am V2 + 9?2+ (z — a)? [(a—z)+\/m2+y2+(z—a)2]
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0 T e T O O O TR R B R
Pttt AR R AR R N
Pttt R SR R O
Prrrr A R S W
Irrrtr | IR R SR SR
Prorrrr IR R SR SR
Prrtrtt AR T SR SR R
prrbrrtt Pt
VAV R N A B B N T U R W UL W U NN
YA N A I U U U W N L NN
NN RN
VAV 2 A B B B B B T TR O U U N
VAV 2 B N B B B T T O W SR W W
2V A A N B R T O O O L U W WY
V2V A N A I T T O U O S O O WL WY

X 10.5 TH¥DICHZEBERICEERBRPIEZIRZ PURT VI YNy AAT—KT ¥
xR D R MBERNICHIFEET S,

AR FOEBERIZ. BZ 56 EERHEO EFICHRNZRT S vy VEIEDZTHA D15, ZEHIC
ELNZRT Vv MF ERD —2 — 42 EFHUI X,

A __,uolds x
A+ (2 + a)? [(z+a)+\/m2+y2+(z+a)2]
Ay:_,uofds y

am ¢ﬂ+y1+@+aﬁUz+@+whﬁ+ﬁ+%z+@ﬂ

Ihe, b OBEBRBHDNEoT A, D=D2%MAEDE S . ERTOEKSGZFHET
5ZEDED,

ol ds 1 1
= 4 (_y7 70) 3+ 3
m V2 +y2 + (z—a)2 22+ 32+ (2 + a)?
B 10.5 12, TOXRT FLRT VT v VORIEMRZ RS, FEBRDFLIZ. ZOXDY;
B, —E. RO RoTWVWaEH, A, TOAEHTZL, 2 =0fHETHRAEICRAE Ko
TWbDT, ZOHAFEERDPD 2N THINS, 0A/0z DELELD EHA LA
T2, RDEDIH 5,

B

Ids  2(z,y,0)

dm \/x2+y2+a23

STEINMEER D . TOBEBRBEAFOIEZWG . ZREHGHBONMBE ICED»NT=[F UH
XDEREF OEBRGEORNCHE > TWVWAD, WEFTIX, BRIIVOFEZR > TV EDIC
ML, ZZTRFELAE, 2FWEIFFETH S, T/2. XZ MART VT v LDIE S IHBD

K =
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E2RT Vv RO DIZ, FHIKROFEBRDOIELRT > v AT LTVWS, D
EFD. WEFETOHFRED XS I TERVDTH %,

HTEIDHGE L FMIC, TTOBIIR L Him = OFG 2 FIH L5t EE S RA LD, HBRgd
B, ZNFTDr A, JWHERIIELAL TR,

10.6 AAEVL /A FOEDHES

WEAMEDY L 2 4 FORb DT, WilED axbDEAEDY L ) A4 FOIEZRZ PR
Ty NEEZLS, BIZZORABICH - THNS DT, K,. Ky, L2FELZRWV, %
K, DIEBZRT VI v AEBEZED, K, 3y =+bDMNBEIC —aH b a DXBFET %,
2 HRIDEFRDIEZ RT > v Lid, ERBEROIED KT > v L LRI r ZERD S DR
fte LT, —logr Bl 206, A, BRD X155, F7o0 Ay bAEKRICLTHLON S,

poKe [, (' —x)*+ (y—b)?
A, = dx' 1
i )R 02 1 (y +b)2
poKs La—x La+x
= 2(b — t — 4+t .
Am [( lo(an b—y_kan b—y)
- +x
—2(b tan~1 2% | pan-1 2
(+y)(an b+y+ an g
(a—x)*+ (b—y)? (a+2)*+ (b—y)?
+ (a—x)l +(a+a)l
(@ =m)los vy T T )2
b / 2 2
oK / (y _y) +(ac—l—a)
A, =— dx' 1
YT )L R Pt (- a)?
K, —
_ Ho {—Q(a—m) (tan_lb y+tan_1b+y)
47 a—x a—x
_1b_y _1b+y
+2(a+x) | tan”" — + tan
a-+x a-+x
(a— )%+ (b—y)? (a— )%+ (b+y)?
— (b—1)1 —(b+1y)l
(b=y)log o= yz ~ TV e )

CONRZ MART v %R 10.6 ITRTH, BLZ, FIFEOY LV /4 FOELRT > %
LERBILTED, RAFITEWE 2ATEIUCE S L RXER LB L5,
NS BB LZHESE B, OARED. XD KI5,
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HI0FE BRE KTy

I 2 g N :
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X 10.6

K — b— b—
B, = Ho tan~? a + tan~! Y + (tan~! a—l—_x + tan~! Y
27 b—y a—x b—y a-+x
— b b
+ | tan 1—x+t _1ﬂ + ( tan™! a—i_—xﬁ-tan_l Y
b+ vy a—x b+y a+x

TV A FOESZRTZ PART o v D EEHM,

N, SO A A

EABOHIZWS & Zi2iE, §NTO tan~! OHFPBIEICKR D, Fip s ZHIT DO/ 1/2 &
25729 B, = ugK 7%, $-EHEICVE L 2, tan~! OO TEERL TW

BIED—» 6 HNE L R D, KR, D tant 2 —71/2 ¥ B BT
FUMEZFRBIETHONTAKL I, UROWTHOERZEFELE LTDH L0

. BEHE 0 2 B,

. 22 TlE xz

HNC AT R OBEERZHFHEEZEZ XS, TAHDFICH L. yz HIZHN 2 ERORFHEEE

Z %o, ZERHTBHHR. yz HI VTR v = o %28 2 IR FHE L y 7518 O 7«

. x=—a 2@ MREE EO —y ST ROEGH R EER & 2R 5,

NS OHERONES KT v A, LD, BTS2,

K
Ay =E (v +al [z —al) = oK { =

—a

(z < —a)
(—a<z<a)
a (a<z)

= vt
BIR

YU/ A FHERDO AL H 2552, TATHITH L, ZORE SHHEL Z->TWEE
K EOHERBE L. RGOEIOHET L2006 0 bBHTH S, T, BHHE LD o

7B EOmEREEIE. 0A,/0x oA TE, FMRIITEATRE T 5,

YL A4 FHBORT 2 MizO0TIE, Ay B ERHOEETHS, £/ A, =0TdH5,
A FVWEFTOISWCA, 2y THOLE x ZFHL. 2Oz 2 TR TS 2 THELN
o oL, FESERE 2 OBKTH KW e 2RA L. A, OEFERHERL TV,
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I///jj::::fi;\\§§\\\
A PN NN
. i /,‘,14_‘,\'\\\\ \\
R A A NN
B AR DENNNNEE
S A NN
IV R U
BRI

IR v~*';;;99
B AN S
SR S5 12
NN ETEETTTTTT
AT

X 10.7

b (y<-b)
Ay =K ¢ —y (=b<y<b)

—b (b<y)

FEY L4 ROEBRRZ FVETF VY v LORIRD FHEX,

135

CZTRULERZ MUVRTF YT v V2R 10.7 I2RTD,. THODET VI ¥ L2{FioTH
oG ZiE T2, WEIPIT0 &R5, £/, 0A,/0y o K, ZitBE T2 2. poK 72

b, BEGEEEDLREVEEOREL —8 T 3,

TRl Ky d Ky b, ATREAEOERBICETHET 2 8IlhoTED, PHE
RHB, ZHZOWTIE, x 2DV L EFIGERRY, SBROBEBOSRMAD ZS5TH 2

2, EHEIET 2R 5,

COEOEETHD R ESI2. BRERZESEEDIEI NI 0ICHEBETH B, —RIC.

EBADFETARDRT VI ¥ LDHBEIZXD XS I2THDH

1.
flORTF v LZRD B,

3.

DDV

L. BBERE, Mohr0)7EeMMALT, BAERETE, =0, B, =0 27425 X5 22%H

flORT v LERKD S,

2. BARREOERS 2 6. HEBEMERE L HEREEZRD 5,

3. BRI H 2 I 2 ML T, Tho DHEMPLHERSESRT ¥ v VEHAET 5,

WINDHETH, ELWERT Y Y L 2B RZ N TX 30, FiETlE. EREZEICHTEND

RKESTH %,

2. HAACEREIN 0 L35 2 L 2R LT, BHRNORT > > v LERD 5.
K7 Y v A OO MR RN LT, IR L IR &R 5.

BRIER Y, AS20)EEZMMA LT, BERRET E, =0, B, =0 725 & 5 RZEH
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X5 Mrisd, —H. BEDHEIWIE, HREIZENILRVTIELFTO RTINS
EOBRRT VI ABFLN5,
RB. BREOHZETDH., EEICRWEMERCEEICWEEZ RN 2 BRI D 55512
. R RO A = O A BTS2 T AU & 0D T, MBI BRI LS 5 KT v
y&»b#ﬁ%ﬂﬁmo

10.7 BERERDERK

BHE (wave guide) &M 2 HFZEOEROBRDOAENCIL, BRI E GRS 2861055
%, EEOEPIMIZL AVEHTE 2 L 21213, BRI AYBEETICERT 2, &
LTWAEBBOAREAREEZ w £ UL, — RIS WARERBD S DBET > TWT
b LWV, ZOGEEIUTOBNEREHASDODENUI L WETTH S, 5., R —
IO X, jw ZHNI 2 Z iRk 5, $REREA AL 2 £ L, 2554 AOHEOAKREEE k
L&, ZOHER 2z HROZEBMBIT—ENCO =, —jk ZHNT 2 Z 2 iTiR 5,

ATl X512, FTIFEBFRENTOLOFEDAIMBERDLZDN LV, ZDDHIC
3, 7797 =T —=YVDRT MVRT YTy NERDLZDOMBMENTH 2, 7777 =7 —=IF
d=0TH3D, ZHEFPTIZ. hdbr—L Y AE&HFEREEZTOTR—LYRF—JDRT >
Sy ILTHD B,

RT Uy DT REFERITO=0&D, KDLk 5,

2
V2 A, - KA, + w—At =0 (10.2)

VZA, - kA, + A =0
divA; — jk’Az =0 (10.3)

I, BALEHIE. 77 57— —YDORT VT v ARBBICHAITE s, A, =0, X
52 (rot A),, =0 TH 5,

—iRiz. EEONRT FVBIEIEFREES L IEERGIC T 5 Z e TE S, Lo T, Ay
b IEFHS & IFRERIGIC D25 Z N TE S, ERERBBIEIdivA, =0 THZDT, R (10.3)
&Dh A, =0t%%,

A, =0TH2,. E, =0, 2F D EGPETHREENRD/1TICR D, TE R (transverse
electric wave) EFHIN S, 7o, ot A, =0 TH 2 2, WHENI B HMEELZD, TM K
(transverse magnetic wave) &IN5, X512, MEHDPHRILT 2561, EHLHSED
EREAMEE L 72D, TEM B (transverse electric magnetic wave) ¥ I3,

DB X BN OFER, BIENHOERFE L BRBEN D12 . WO T, [HEM
DPHEBRN T —RT YN ERY MILRT VY v )LIHEBERBES WO, FEEFEANICHED
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CRT VI XY ADEITHRTE S, KL 2 HIADOZEE % explj(wt — kz)] EIREL TWVWB DT,
R (10.2) DO AR E W TMOEATEZbN S, Z OIFFIFERE L FIXh 2 EEkE
BThb, OPNEDHF DETIERY, Leho> T, AETE., FIlBRGEAEZRVWT, 20
JFRFEANCH S RTF Vo v LOFBERITORWI L T 3,

PITICA MY v TR B K OATHERE TN L. BARICEELTA LD,

10.7.1 TEM K

F3. bordPI LW TEM bk L & 5. TEM IS ERE TIIHRELLRVD
T, y=0,b ITFATICERDEINIZA Y v TRIETEZ XS5, o bHHERBIF. ET
DERENC y HANC—FRRESGDFHAET 255 TH %,

7777 =0 —=YDXRT MIVRT V¥ ¥y VIEBIHAIT 20T, EBLLRUL y &y
RO,

¢=0
A =ae’@tF2) (0,1, 0)

-
—

ZTC, A, e —L U REMEERMBELT, A oKDz,
Ay DEETHERERHZ LTS 225 RORDALT %,

w_:k2

2
EITRDAZWNRIZT DL, w=ck THb, ThbHhbH, XY v THRENOERSZ KD
RN

E = ae?@=%2) (0, —jw, 0)
B = ae? @) (jk 0,0)

BHREETO E,. B, &b, WEMFYE, HERFEEZFIRILIeRTE2, AMY Yy
TR RN FEAE S 2 MM I B & PIEICEEMFRNCTEES 227, THTEXRD XS
2%,

o= —jwaoaej(“’t_kz)

K, = —jk;iaej(“’t*kz)
Ho

BAENDORT vy Ud, ZEED Ay ZEBENETEREL., 22T, x KD, ZhL60H
DHOEIET 5, ZOMBIIRD L5125,
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N T N Y N O I A A
N T N Y N O I A A
R D VU P P O O I O
L PR R U N U AU U P IO IO O O |
tt ottt IR O D O O O O O
t ottt ottt ot «J«J‘-J«J«J‘-J«J«J*J«J«J*J«J«J*J
T L T T ST S S S S S *J«J‘-J*Ji-J*J*Ji-J*J*J«J*J*J«J*J
St 0 [ O O O O
AAAAAAAAAAAAAAA DO O O O O O D O D D
AAAAAAAAAAAAAAA NN NN NN NN NN
darararr oo rorord

X 10.8 A MU v THEDORT FILRT VT v LDORIRE X NERSS (X2 FLIEE
B R Z POV . A AT —RTFT vy MEHipR TRV, BIRICE(TIC R
Ll moTWnL,

Y = aej(wt—kz) y
¢ _ _jwaej(wt—kz) y

A = e’ (Wth2) (0,1, jky)

PET, ZAMY vy FREAO TEM IEDORT > v L BEEGOHEIZKR T T3,
BRIDBDDIDICAN T —RT VT v DB NWI LICATE KL 20 bV, ZOHEI
., 2 THELNHEREHERMEZRT VY vy LEHIE T2 2, FEEFEANCHEO R
TYTYINEETE S, s ideh e EEN AR ML T0. AR w. 2z ARof
Bk ZIRELTVWEDT, 2 &y D_FEMATDOAPEEZKRS, X 5I1T 2 FANZEEIDZ W
fREIRRE L TWBDTy D_FEMPDANEERS, ThEh INBEDRT VY ¥ ILIZED
HHEIAEBRVTy D—RXARTEZ LN EIND, y=028 y=a lZFET ZIRD
TED T XFRRIGEMZ %5 2 212725 DT,

0 (y<0)

¢ = —jwaed @y (0<y <a)
a (a<y)
0 (y<0)

A, = —jkae Ry (0<y <a)
a (a<y)

BPESNS, B 10.812. ZHoDERTFT VI v LBIUOBMGZ R T, BB, A FT—RF
X NDEFERT VT v VEHIE, WIS FATTERRE 25, o TEK. TMIKTH., T5L
THRLNLHEEMN., HERIPORT VY LVEHIARETLIIEBAEETH 20, KRERKLET
T, BROFERDB VDT, LURIZEKT 3,
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BB, BARDZLRNE INSDMES BRIGCHER . HEMDHIEOFEMDD DL —
T 5,

10.7.2 TE ¥

kR FIET, FTEHBIHHI LT 7 77— —=I DRI PUVRT VT 2 U0 LHD X
5. E,=0&D, A, =0TdH%, LED>TA, & A, DAERDIUI IV, ThdiE Z
NENEE SRR E M SR FUIESRVDT, o, y HARELKEROFE L k5, £7-
BREMEEID, A3y =0,bTO0, 04,/0xx 2 =0,a TO0 TRINIESKV, ZhbHD
S, XOEHELNR S,

A = i(wt—kz) (a cos T L Y mmnx nwy, 0>

sin 5 [ sin cos ——

b
0—L Y REHED a(mnr/a)+ B(nm/b) =0 &85, ZHED, ROXHITHEZHEZRT
X\,

N nmw mwTr . Ny mmT . MAT nwy
A = qel@ik2) <—— cos sin , sin cos , O>
b a b a a b

BHAA. o IFTHERINATVS,
Az, Ay BB REREHZ LTV 2226 RXROAPKLT 5,

() = () +(5) +#

Fio. I kb, HEENOEHGZRDBE LN TE S,

, nm mnrx . nmw mm . mmrx nm
E = qel@i=k2) <jw— oS sin —y, —jw sin oS y7 0)
b a b a a b
, mm | mnx nm nmw mnxr . nmw
B = qel@t=k2) <jk sin oS by’ jkT Ccos sin Ty’
a a

mm\ 2 nm\ 2 mmx nmy
{(7) +(7>]C°S a T>
B 10.9 2. FAKE—FTH3 TE1g E— FORT V> v VB XPEMGERT,
e o, BRRMOEEBEMEL L MERELZ KDL B TES, T FTHDHEERT,

mmnx

. it — mm .
p = —eoajwe’ @R gin
a a

1o a b a a a
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st T T T T R N BN RN
NEETRE N N S B A RSN FRNPCIS .J*J._J«J‘_J*J Jd s
T (R R A O S SN DRI S R A AU U N N R TP SN
AT T R N A O S SN RPN SN T RO IO IO AU N RO PN
NN N N A A SN FRNPCIN) .J*J._J«J‘_J*J Jd s .
T (R R A O S SN DRI S R A AU U N N R TP SN
P S T R O A O S SN RPN IO IO IR IO AU N RO PN
NN N N A A SN FRNPCIN) .J*J._J«J‘_J*J Jd s .
T T A O S SN RTINS S RO A AU U N N O BTSN

10.9 FHHEWEE TE1 o DT MART Vo vy VB X UBWYS (R b VITES.
WA 27 VIS

FHEIOMEIX, n PMEED L =R, RO L EXE 5,
T/, EHOHEIZRD X512k 5,

p = aggjwel @R jwnl sin Y
b b
K, = Oziej(“t_kz) 0, — (@)2 + (Ey Ccos _mry7 jkm sin
140 a b b b b

A DEIZ. m DMERD & &R, AT D & gL 725,

10.7.3 TM K

FU K HTBERETD TM,,, Kld. A DFTRTORIDBEIEL S b, BREMRTE TR
BFEXD XS B,

. Ny . mmx nmy . mmwx . Ny
sin —=, (sin cos —=, ysin sin ——

b b a b
(ot A), =0 & D. A, ¥ A, ICRBEEHHTL B, %72, B—L Y RE&HDIHTT 52 L
o, ROWDABHTENG,

ot mmx
A = el (wt—kz) (a cos

mnx nmy

A — ﬁ ej(wt—kz)

(. mm mnx . Ny
Jw

L nmo,
7k cos sin , jk— sin cos ——,
a

a b b b
mi\ 2 nm\2| . mmx . nmny
{(7) +(7>}Sm a SmT)
bBEAHA A FHERINTWVWS, LD jw lZMERDIFZ TN TOHERRICHNS jw
ZHTDTH 5,
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TNV VL LT S G U
CSNNN VL LT S N A R AT AT A N
CTUNNNAN L s eSS QU
IR PSSt NI SRS
_,,»///'/'/‘I\\\\'\N._ _.*u‘wk\/'\\/" ‘j._J’Y\"\*‘\"\th
IS VA AR B N U WA AN ERTRV VAN S B U T W N SR
ISV A BN N U O U U NN VNV S 0 0 O I T W S
A2 2 A O O T R O R U NN SV U0 I S O O O O Y W

10.10 AHEEHEE TMiy1 ONZ MVRT V¥ 2 LB X UOERS (X7 MLIEES.
TR 2 S VHES)

Ape Ay DEEFTTEAZIEZ L T0WE Z 6 ROADPWMALT 5,

() = () +(5) +#

T, INBH XD, BEENOEBERGEZRD D N TE S,

E = qel@t=F2) (—jk:m7T cos % sin n7ry7 —jk:n—Tr sin Z2L cos @,
a a b b a b
mi\ 2 nm\2| . mmy . nmy
- (—) + (—) sin sin ——
a b a b
B = qel@t=kz) Jw nm sin " cos _mry, _Jwmn cos 2 sin mry, 0
2 b a b 2 a a b

X 10.10 12, HEKE—FTH3 TMy; E— FORTFT U ¥ B LXUOBHSGZRT,
o, BIRERAIOHEMEZEE Y HEREEELRKDZIENTE S, 3 THDEEZ RS,

p = —eoajke’ WiTF?) P gin 11
a
K, — a i) (O, 0, T iy T @)
1o ct b a b

FHEOMEIX. n DEEO L =R, RO L EXE 5,
/2. EHEOHEIZRD X517k 5,

p — agojwej(wt_kz) jwﬂ Sin m
b b
1 . W m mmx n
K, = a—el@i=h2) (0, 0, ‘7—2 T cos 218 gin 1Y )
140 c? a a b
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HHEOMEIZ. m DB D L RO, TROL EMe k%, COBEMTS K, LR\ I
WIERLTEL W,

10.8 ZERAHFDERK

HZE D IEAR T N 72 U I BRI 2 PACIAD 2B H 5, £V oTHEMRIZIZZ DD
EHDPFEET 2056, BEIIIRAICHRET 2 L. & 55 L D00k TEBEZ RS &
TEBIPRIFNIBET 2 BRI OFETERV,, EBRIXZEONS 2T, 2205
B Z AN D0, ROFEIZDHLD TN FLERIKOBELZM S 7213 0b T 07T
AF =L AR, 5 LRH T Tl BEROBEHIDE o 72 < 2 BREIIEREE L2V
HDE LTHD K-> THRMEIZAET W,

FHEOTFHRZ, BEETOBRSG AL TH 3, HEOEHMGE., 202 EEES
1/4EZMZ Iz 25T, WGP EGIEREEEZMHTHE. 25 LEERBIIKAHE
HELHBZ il b, BERIEHOEZ L 5 FLELRVEEICIE. &5 X 5 IR E T
FTHX RV, BRZEIEIX, FEHTRATIELW,
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HF11E=

FEXTIERIE

LEDFET, BHKRFEOREANLIFIINTRT Lz, KEOMAXEFREOEX. WbiE,
BEITH3, LrL., BMKENHEN D OB F - IR WHEEOHR T, H— &2
SAHNEFRIE Y F o2 FIELRWVERTH o228 2EZ 22, RNID. TOHEERINT S
FF VR, Fio, BRKEDHNEFRBEZES . WhrIEhWCEedohdhd,
FIRFICIHKD > TIEL W,

11.1 x4 EIE

7A>aR4 Y (Einstein) OEH U ZFHMHENEREIZ, =20 WIC—ERE CTHH)
LTCWBIENERDOEOREEZEBOE 25272 DTH D, ROFEM»SEH X,

o WHTHEHMBET2DDIE. WTHOBERTHEL THHHBTRET 5, OLET
ZME)

o HHE O PEREZE T 2L [E AR & P B O — R TEZ b b, (BB

o “ODHEIERIFZFE LN ETHD, E5E00% XDEENTH S VI Z LIFAAHE
THd, (HENM)

HHAZEMEL, T2k D OMETE > TV AHIER ET. EfTAAB X CETFEAFHDOWV
THOHATHOFEEEZH > TD, FUEIFONZ, &0 EBEREHHT 272018 A
Iz,

VWE, B 11.1ITRT X1 SRIIHL o @A TFNCERE V TE-oTWE S R EZ 5,
S REEFEREI T RT S ROFERE L AT > TW0WBHDE L, £/2t=08BX0t =0T,
MFEAE LTV T3, S RCTFESA»S o FmB L&y B L 720 B 7 5S
WEhZzhEZzEE, FA»ONNZRM L. FEREZHZ, 72 ERHER»L. Zo0EIX
FLL RS, 2z SEPLBHILTALS, £3. SHRTONHEIS RTONH c tFL
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>
>
>

> > T

Vit >

11.1 8" RIZSRIIM LU, « @TENC V OEETHEIL TV 5,

W o WATMNCE SN t W TERICEE LT 5, ZOM. HIFVEZTESH»S, L
MBoT, et =L+ Vi, 2O, [TEHCESTIRENE L/(c— V). FBRIZ, #dSHFEEAD
RDICET 2L, FEET > TL 2L FEML L/ (c+ V). GitT 5 2Lc/(? - V?)
DA77 5

y FEENCE 2 DRI D L/c TlERWV, VWS DRI ENIBHIL. SRTRS
CHIIRDIEIT ERBERD IO TH S, ERIFZZADEHED, (ct)? = L+ (V)2
BOLT 506, D BRI L/Ve2 - V2 %, B b EEADBE LD IcBENT
DRNEND B, BRZ=AKLZ200. UGG ONE, ZZTIObE2E5T
Y 2L/NE V2RI E, LaL, Mot iz 2 olflizdeicsko sz o Haoisk
R & =B LRV, D% D S RCHEFHICHERICEE LB, SRTEMIT 2 &, Bz 514
WEET S EL5ICRZ %,

COFERFERT 27-DITEAIN0N, HHfoEiEe W >R TH 2, 2k, S HK
TOWEZ S HRTHAT2 ., BEIAMCEMLCRZ2 WO METH 5, RkPlicO—
L>Y (Lorentz) " OREZZIMIBLAZE Zi2iE, LATHIRWHERTH % & KimXlz,
Ll BIERELWEZTH R LHRIATWS, S ZTO L2 S HZH T x KA
F L1 — (V2 CEfT 2 E2 50, o FAOEREHIMEIHL, HErdbroY
2L/ V2 b, HEOEEEZRD 2 L. S RTOEEN (o/,y,2) 1Z. S ZTEHT
2 (2 +Vty,2) IQERZAT. (21— (V/e)24+Vit,y, 2 ) ITRZA5ZZkb, Zh%
(r,y,2) LBEL ZEIZED. S RE SROMOPEELESIZ KD D Z B TE 5,

—fiz S R S RO DERAUIRNTEZ 6N 3133 TH 5,

/

' = Ax + Bt, y =1, 2=z, t' = Ct+ Dx

CZT, 22 a D ¢ 2t ORDFREA & C 21 TRULLDHINRW, /12 x DFEN
A2 TVEDRBHNBEVEWVWIDNT A > a R YOKHEZFHTH S, LB, ¢y P2 &
ZHELHANCHEE L TN e 25 IETH 25, RIS o L AEREREZRELTD, AL
ERIMEONZ, 2T, S ROFE 2 =02 SHRTHHT 2L, o =VtICARXB2ZDh b,
A¥r BOBGREMIELNE, XHIHICS ZOFM 2 =0% S RCTEMT 2 2. xR
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Po =V ICRZ2Zeh56, Bt COBGRIELNE, ThoDERIE B =-VA,
B=-VCT»h?s, AZFEIITNI. C=A»Eo6N%,

AY DIINERZEDFRED SFETE D, S ROF AL SEED AN RS ik,
EHODHANCHEN SN THIETEMT 2006, ROBEFRIKILT %,

IE/2 +y/2 + Z/2 — 02t12

CHCEBBERERAT S . 20 gy 20 t DXADBEFE LN S,
ZONHDEWME S ZTHAL THRE D NHHETEIRT 2 LRI 2ETTH206. XK
PRI ThH S,

2?4+ y? + 2% = AP

IHD . yo 20 t DZHIIHUAR—HIRETDH D,

FEELZHEK T 2. A, B, C. D CHEDLZ=20BBRA»ELNS, LOBKRK L EH
VEEDZZIEIWZED, THODEBDENTRETZ %, BB, A DFFFICIEEDRIREMEDTE 5
BV =0T (,y,2,t)Z(x,y,2,t) EFLRZETTH206, AIZIETHS, 5L
TRonXoZ#HZO—L > Y E# (Lorentz transform) &IN5,

o =z —pet), Y=y, =z =r(ct-pr) (11.1)
272U By v BEREA BT 2RO X 5 R HTH 2,

5V

c
1

v
00— L Y VEOPEEEE (reverse transform) (Z. JEZ# (forward transform) 75 fH
IZRD BN 5,

/ !/

r =v(x' + Bet’), y=1, z=12, ct = y(ct' + Ba’)

11.2 @A77 kL

FERTERI AR A ClE, =TS BT 2 [EH5 T, o & y RE 5 X 51z, 22/ & R 53
BXoTL %, TOXIRGAEIIZE. X7 MLVOEEMES L ERTH B, BAR, RS %
MMZ 77T Y IV (four-vector) & 7225, 7272 L. RRIEE, Z2RIT I3 R 1%
WEERZF, B RS I LITER LW,
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NEZBFERNTZ PAVORBIEMENZ L TH DB, ZHIIHRIET BTN bl
(x,y,2z,ct) TH B, (r,ct) & dET, FFEED c fEZNTVWB DI, ZEE LR URITITHZ -
T, ZERHERE OWEN L RE200THE, ThrEFedTa" Lid#lT 5, T HAER
WA LBELTWEH0OR (2,y, 2, ct') DEEEZ XD IFRE. ¥V Py XFZ2MHoT a”
L &I,

EEDOH T 4 v 7 REIRZFOEKERTIIRL, ZORXRT b, TRICHHINE KE
N7 MVEMENZDDTHEID0HTHD, Fiz. dr REKFTHEOEIZ, HHEHNZ =X
JTEDNRZ ML § 5,

Wz =0, t =0T LD 2’ =0, t/ =0 HELTWAL THHENEIMILT 2
DT, FiffioxX (11.1) OZBKITITEBDOTHHBAD 55, LrLZDOHETH, MENT
ML ORI U TR CEHEADIREL T 5, MENZ PLOB/NE d2™ & do” 2 RRD
EOWCERT %o EHEAK (de|n=1,...,4) BELELHINETH A 52, fliHIC (dz")
RE AL,

(dx™) =(dz, dy, dz, cdt)
(dx) =(dz’, dy’, dz’, cdt’)

T, ZnH0ICEA (11.1) AL T %,

dx¥ = Zu;dm” (11.2)
ZZT
L, OxV
ur =
" Oz
TH5,

BB, MITOMRTIE, BHEOTHRRT PARRERT, BARLEHT 22 HZ2 00
T, INOOEMIBINZEE, > OFLENHIL, 50895 L<K K3, 2DkD, ETRFAT
BT 4 v 7 ADBNTE ZFITE, Y OEILENRL TS, £20Hy 74 7 AT 268527
5HDEMHT B, B, 7RO E (F) {EZEDH 25813, T EEoT (k)
fEeAHird, ThzeT7A2rad4 /8K (Einstein convention) W5, HIZIEF (11.2)
BRAD X STRZ2H, n B EFEHZ70, Y BPEBRINTND ZLITR5,

dz¥ = u, dz"

Z OEIRE (transform coefficient) u!, & RZENEZEHFRE (contravariant forward trans-
form coefficient) &FFIN, v AT n HNDITHITES &, RD L5125 (LK. LTI 74 v
I ANDEHETE, LDV T 4 v I AT, FTOV T4 v 7 AR T B),
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v 0 0 —B
(u?) = oV 0O 10 0
Un) =\ ggen ) = 0 01 0
-8 0 0 ~

ZDEDWTEEEHDRE, ul Ko TEEINERY bz, REANRY ML (contravariant
vector) EMERDTH 5, oo RERZ PUT A XS, 74 v 7 A% LT 5K
HIZi > T3,

ZHUTKR L, BIHBNEINZDHLEBONT FLE, v = 02" /0x" IT X o THEBEE I N
%, ZOEPUREBUT da¥ % da™ NFET BICHWLN2 DD THY, REFEHRFRE
(contravariant reverse transform coefficient) ¥ FER, MEHRMTEHINEZ T L
HIERZ IV EME, A, DX 74 v 7 ZAZTIMNT2HHITEoTWE, ZDITS

DD ERDTHS L. IEEBITHID B DY 2 AEINFERIEL. 498 ¥ R BFEIFT
»H5,

v 0 0 48
() = oz"\ [ o 1 0 o
Wi=\az) " 0o 0o 1 o0
8 0 0 v
DT, PR PIL E WFIEETURCERIN D KER Y PILRPH AR CEH I 53

BRI LD THS,
ZHATH (ul) WFNEEEATH (u?) DFATINIIR o TNV B, AU Iz /dx™ = 07, TH 3
e, ZOROLEAN, 2¥ ZHENEBE L TRD LI ZEFTES 26, HLTH 5,
ox™  Ox™ Oz¥
dxm  Oz¥ dx™ m (= 0m)
HEDWUITENRZ P EEZ LD, bbb, v, =dr/dt RELEBINTVED, Zh%
ZOEFBEMITIHIRT 2 & vy =d(ct)/dt = ¢ £T2o T, BURDLZ I ER L B-oTLE
AADRDBL LV, (d,dy,dz,d(ct)) = (dr,d(ct)) 1FHEDPITPUTTR Y R ILITIR > TW B D3,
TRD dt 3a—L VY EEAETIIRODLHTH S, £ZTAdWZEObDTEVWHERT, 7o
dt L 3EETEPICEL D0 — L YV EMAZEOBERT D 55U ds 72 2 8@, ke L
TfEbn s,

=Uu

n
Y

ds = \/dt2 — (dx? + dy? + d22)/c? = /1 — 2 dt

BRI, MUNERED T ED —3% ) THEZDT, R—L Y YEHALRTH S I LI
BACHEHRTELS, BB, ERXTB, =v/c TH 23, BIIEEZFDIRDEIEMOMEE V 1T
MIET2HDTH B0, BADOEE 0 XT3 DICOVWTIE L, ZEHWEZ 2 Lz, [H
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BRIC, Y TP OO IR ORE V IS T 2D TH 505, BROEEIHIG L Tl
Yo =1/3/1— B2 ZEHKT 5,

BT DR v 2VEH IR T BV EIZIE. ds =dt £/ 5, HETLRT ML de™ &2, 2
FERTHo>TrDdt ICEDLD TEVEETH 2 ds THZ Z gk, HEDPUITLRY F L
THZMTEE (four-vector velocity) v™ ZEFKT 5,

o (dx™\  (dr dy dz d(ct)\
o= (5) = (G L2 ) s

POTCEEEC, #IEEE m 2HT 723 0k, ETEHE (four-vector momentum) p” & W
3 d,

(p") = m(v") = my(v, c)

VUGB R O M A 1. KR T BAEE R BT b, BRI, pr = me? +
(1/2)mv? + -+ 272205, (KEHTIXEED mc® DEEFHZ DD, HEET 3 LF — 1T
5, 2D, TOHIIERDIANLF—EZOND, $/ EED. DF DFLRD T4
NF—me? ZRTBHOMEZORE L o7 F42 N THH 3,

VT DBUTTR T bR S, ZOMPNEDIUITTNRY ML TH S, LehoT, WTHEZ XS
s THRT 52k, WITRZ ML TH2OTIRE (four-vector acceleration) a”

DERTE D,
n dv™ d?z™
@>—<$J—(z3>

F 2z LT, =a— 1 vo@FH AR dp/dt = F 22 EIF 5, hrbd,
MXERIC B 2 EEH HERD dpn/ds = F" 82 e BFRTE S, (FLF? F3) i3MGHET
F o83 3MTho%EMBaThh, XOEBEICE (FYLF? F?) =~ F Th b, il
TPETIE. EZEHOI AT -2 LT, dE/dt = F -v BOLT 5 DT, PUnEEREOZFHMY
HNR I ANF—IINIET 2 I 2ERBL T, dpt/ds = v, F -v/c hiAET& %, DFbh, &
712K

ov™

"o

i3 (four-vector force) F™ ix. XA TEEI NS,

n

(F") = 3 (F, F -v/c) (11.3)

W T, KEXZ brofile LT, EEDOAH 7 —BE f OZEMMD V f 1233 2 PHir2e
BMAHEE T OEHEANTAH LS, S RTD (V' f,0f/0(ct)) 1ZKD & 51cE T 5,
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of Oz of O(ct) Of of of
o0 or 9 | 0x' a(ct) :7(%”0(@))
of _oyof _of
dy 0y dy Oy
of _ozof _of
0z 070z 0z
oI _ e 0f 0 0 (05 )
d(ct’) O(ct’) 0z = O(ct’) O(ct) J(ct)
ZIZT., 0x/ox’ REDFREKIEIn -V Y HMZBMENHALTWS, ZOMRERS L.
(dr,d(ct)) RECIZERD, BV Y YHEREZ T B D0 5,

Opf = u,Onf

TZWRHBES1T, 9/0z ¥F. LIFLIE O, R LML NS, 2D LI CR—L Y IYE
PATHEREZIT 2T bve, HEEARY FIL (covariant vector) EFER, 0, % 9, D XD
WIS EY 74 v 7 2% 5,

= ()= (2 2. 2 32) = (v 5
00=(2) (% i 2 5tm) ~ (" 5tm)

11.3 &7V

StE7T >V Il (metric tensor) gnm EFHEN2ITHIZEAL L5, 24U, ZDOZERICEIT
AAERTHIES (HEIIZZD2E) ZERT BT TH S, = KLZEMIIBI 2 EXIZ
do? + dy? + dz2 THEZ 6N 20, BERA6, Zhudn—L vy B L TARER TR
W, ZHUCH ko LFIEL —ds? BARERTH B,

—ds* = da® + dy® + dz* — d(ct)?

INZ gumar™z™ DX IITHF VT, FRBEFET VYNV EERDTH S,

1 0 0 O
01 0 O
0 0 0 -1

EROEIEERICBE TS g, BXADBILTH o, ZOTHIERITIEICE S,

—ds® = dx"? + dy’* 4+ d2"* — d(ct)?
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INBEFES L, TEORERY LAY L OHHERT VIV A, BT8R TE S,
An = 9nm Am

29 L71EE% MRS (lowering) & IFEXR,

Ap = Gum AT BEERZ FLTH 5L E. A, = g AP B A, 2R EEZEHR LT b
DY —HF B L CHATE 3,

Au = guy,AM = gzl,uu#zAm = u:}gnmAm = ULLAn

I ITEHFRBHOESE, BRNLITHIOMEIZI D, g ult = ulgnm DIELT 22 Hh5
EHhrib,

FREIC, X (11.4) R UCBEREROFIET VYL g™ dERIN, Zhuckh, XA X
ICHERT PADOLRERY A ZIEETEHTE S,

A’I’l — gnmAm

CNEREE (raising) W9,

7B, TVIL (tensor) ki, FEEZEML 7256, AR SCHEZHRBOMAED
BRI TEBRINZTHNDOZ ETH S, THH S IHETRBTCER I N 21T RET VY
JL (contravariant tensor) . & HICHEHRECTE SN B1TH 2 HET >V Il (covariant
tensor) . fTDIEEHEURE THI N W EFURM TE I N 21702 ¥ 2 BET >V Il (mixed
tensor) MR, T, 7YY MZOWVTH, GIRET VYN gpm R ¢" ZHWVWT, ¥ 714 v
VA% F T3 58N TES,

AETYYVEGS T YN EVWSHFIDPLBBTEL X511, 7YYL TH S, ¢g" IR
BT VI Gom BEET Y LTHD, WINHFHELTAHAZ . K (11.4) DfFHIEFE LT
%5, R FrET VY NVEHEREOANZFEZITH TR LD TH 5, HIEmICHT
2 ZHATANE, R OANEFEHEDRIN 2 KD ITBRIINLLERTH DT, 2RO T VY
M, B TLEFUCIBIZZ2DTH %,

g HlEBET 2. g BARETZZ T, BRET YYD g HELNED. ZHUITED
DRPODONPD I, HELTHET /L ZD, MRELT, MHLAVILIRAZZD
T MHERDATRNT 1 DI BR Y H—TNRIZFE LW,

9 = g" gim = 61,

RIZPUTEAR 7 PVALONBEEZERLTEZ 5, ZXTONMEIR Y A, B, THExbhi
25 PATERZ FLONEE A" B, TEREINS, bbIHA, BARKFEBEINTVS, D
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B, RERZ M HERT FILOHAEOETHZ ZEIHERLTUILV, X7 MLOERE
T#E e, A,B, +AB, +A.B, — AiB; TH 3, ZOLIIZFT 2L, ZOMHEIFEELEZ
WML, FERE RS, [ A,B" 3FLRETHZ (RFA"B, £t —H,T3), ZDXSIT,
P74 9 VAN ETIHAGDI 2, NERLRID, REXRY PLRIT, B2 W0WIEHZER
7 MLVELORBIIAER IR 5RVDT, AFEEIZWVDRL,

NS DENPAIEETHEZEIFRDESICUTIEHTE 5,

AYB, = (uXA") (W™ By,) = A™ (uu™) By, = A"6™B,, = A"B,,

TAYYaRA VN EZIATAHE>TWEDT, EELTUILY, BB, UITRZ b LD
HEoMmNEZ, [RE) H50IiE THHME ORISR, #i2, FEORZ P e d
LPUTERZ bV E DNENPTERETH DL X, ZOEEDXRY MUVOBUTERY AL THB L
HWZ D, atBHIEEHE. ToTATIELLY,

NEEREXRTZ MLDATERLED T S8, By, = gunB™ TH 572 g,m A"B™ ¥ 72
Dy Gnm DREATZEFRE TR 5,

PIERZ PLORNER B —L VYV EMALZRETH L2006, WDDPDI P WVZ 5,
FIZRETEE DR X D Rl (dz/ds)? + -+ — (d(ct)/ds)? = (dx® + - — d(ct)?)/ds* =
—c?ds?/ds? :—cztéoitmEéﬁgwﬁéwzﬁw—mwﬁzméooibwﬁfz
(me)? + (pY)2 + (p®)2 + (P*)? BHOLT %, ZHE E 2R T ORI Z A LF —, p 21
WERAGEF R Y LT, LIELIE (E/c)? = (me)? + (p)? e ErND, FFlcm =00 =,
E? = c?p? 7275, Feic 8.5 ik 8.6 HiT, ERIGO T A ALF - S LETE g DM
28 =g OBRDRILT 2 Z e BR LD, 2R OMIEH, 5, BHGIEEIEEE 0 N
FIIXIRT 2 LRI ATV S

WItHEDE X DAZEEDRK gpmv™™ = c® O %E s THH T2, ROXDFET
x5,

dv™

nmn =0
Jrom ¥ ds

DF D, VUITEE L VUITIEREONEIX 0 £ 725, 2 S6PUSEE L U ONED 0 & 7z
2T 3,

JnmV"F™ =0

11.4 THESZFOHEX

B—L Y AoMTtE LTA LS,
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F=QFE+vxB)

ZUTGAELES T2, T v RICKES, ZNEMITEEDKD vb,v?, 03 123 312132
o v, BEITNELEEITH D, 25328 F, v MILEEICR L7213, G458
HD v, E b, vHE/c) LM TE2 L5k 5,

0—L Y HORDOMEIIC v ZHREE LTHITITA XS,

F-v=Qu-FE
IRE g, Je T 5 e RARD XS 1T ORRIE Y 725,
F*=~,F v/c=QW' E,/c+v*E,/c+v*E,/c) (11.5)

ZDX3, WL F" % (v F, 2WF-v) 2352, a—L Y HERCEICELD
ZEMTES,

— QB (11.6)
7272 L. B 3BT >V L (electromagnetic tensor) & FHIAL, KD XS ITERS N5,

0 B, -B, E./e
-B. 0 B, B,/
B, -B, 0 E./c
E,/c Ey/c E./c 0

AT et E oI, X (11.5) G322, £/ ThhbEIrNEKET ¥ YL BY =
Blg'™, H£E TV By = guBl, . SHREDONZDOTRLTE I 5,

(By) =

m

0 B. -B, —E,/c

P o
E./c Ey/c E./c 0
Z DHEIIIEIFN D AP SR L TV,
0 B, -B, E./c
| s s

—-E;/c —E,/c —E./c 0
ZOBEEIIIEINTOADFERIELTWS, B"™ & B, b. KMNMT YNV oTW3
CYIEFEELTIELY, 20 X512, RETFT VI N, HEF UL, BET VLV ERIEE
T2ZDIE, RRHEITH 20, HBVUHLEIUTORNSHERIZT 57200 THD. T-ROEFIC
Lo Th, g ZBIT 2RI THEICZETZ 2D T, BRTIELW,
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XT, DT VY ILVDERTTIEEIGPHG DRI BA > T\ B 5, BELHG . NG
DMFTIE, EHRoTIRI MLTRHATEIEDNTET, ZDEIIT4x4DT YN
BoTLEIDTH B, ZORICHNBZRT VT vp, f{HELRZ FLTERINZ L 2#E
@35, TZThH, KTV Y LDIESPIRFENZETH S %, BRUI 22/,

BGEZTLT Y VYV TR LD, 7 AV 2 VARERE, ZOBWT Y V2o THRL
TAHLI, BRPERZEDEL OEHED divE RB L P rot B RIX. XD LIk 5,

O B"™ = p1gJ" (11.9)

72U J" DR (T, cp) THD, —Jiv RO Ao TWZARW rot E XB XU div B i,
PREMRRITEZ NS,

01 By + 05 Bmi + 0B, =0 (11.10)

PREARNTH 20, ZORIRERFFRT >V IL (antisymmetric tensor) & MEXiL5
€k iS5 T, FA YT 2 XA VOB TEL L BARETH B, T dxdx4dx4
DFINITHZZedHD, DT LHRRLTVWETIEIREZD, HLETHBEDLDIC
NE IS

enmlkﬁmBlk =0

BB, RIS T 4 v 7205 (1,2,3,4) DL EL T 4 v AN ZOBEBERTEZ NS
rEDH 1, ABRCKR>TVWRE XX -1, ZOMTIE0 L ERINL TV,

0—L Y HOEEEREEZ TALD, O HEDn—L Y YERXNh32, BY
XN B e Lawvwe, 5 EL400%0, K (11.6) DLED S IEEEFEEE#H T 2 . £AIZ
n—L YA NG,

FY =u!F" = Qu’ B v™ = QuX B}, (u}’fuf‘) vt
=Q (up Brup') (uj'v')

MOFESORE By, L o™ ORI (u]'u)) Z AN, (9™ /dxt)(Dxt /0xt) = 6" TH D,
B =0 e BB ZEWCHERLTUILY, ZhibD, Bixd 2 AR LS,

COZEHAIZNM ST % . B OEEEE)G R TE %,
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(Bi) = (unBhu') = (uiBy) (u])

2 nompu
_’YﬂEac/c V(Bz - ﬁEy/C) _V(By + BEZ/C)FYEI/C
B ~B. 0 B, EyJe |/ m
- B, —B, 0 E./c ()
fYEJ?/C’V(Ey/C_ﬁBz) V(Ez/c—i_ﬁBy) _VBE:B/C
0 Y(B: — BEy/c) —v(By + BE./c) E/c
— _V(Bz - BEy/C) 0 Bm V(Ey/c - 5Bz)
v(By + BE. /c) —B, 0 V(E./c+ BB,)
Ei/c 7<Ey/C_BBz) ’Y(Ez/c—i_ﬁBy) O

&Y., BHSGDOENTDEHANIRD X 5127 %,

B. =B,

B:; =v(By + BE./c)

B, =y(B. — BE,/c)
El/c=E,/c
E,/c=y(E,/c— BB.)
EJc=v(E./c+ BBy)

ChoDNd, FBEIREOBE L ZAUCEELRBTITTITZEIIXED, RDXS5ITKRT T
EHTE D,

| =B
/ v FE
c c),
ﬂ :ﬂ
c c
E’ FE
c c c 1

RIKRT 2 VDU b ZEZTA LS, K (11.8) DEWT YV ZRT V> ¥ )L TR
Hyzde, XADXS51Tk %,

Bnm = anAm - a7’rLALn

ZIZT. A, DEDNE (A, —¢/c) THP, ThERELT, R (11.9) 1ITAT 32, Ky
7%

O (A" A™ — ™ A™) = ™ (D), A™) — D™ A™ = 1o J™
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FREORER, (AY) = (A, ¢/c) TH D, ZIZ T, XROFEMEMIhs 352, R
BUZIR D, BB, ZO&RMIE, HiEun—-L Y RAEHTH 5,

O A™ =0
IR S RT U LORIIKRD E 51272 5,

DA™ = — g J"

\I

0,01 = 82022 1+ 02 JOy® + 0202 — 2 )O(ct): TH B, B, TORIE. EXI, KFVSw
ILWDFEISTER (wave equation of potentials) ZMMNEHINCEEAL72dDTH S, Z ZITW
7o T R MUVRT YT XV RAT—RT ¥ ¥ VITHN LR TIER L, g hr:
BERIC R > TW3 Z EAEIRTE X5, —4. R (1L10) RAT 2 &, AU EBIciz:
ENd, ZOES, HMEROHATIE, HBORXLD B, BTy v rDIE 50 & D R ZE
%25, RO L1, KTV vy ADIEI B L DIRFENRETH LRI 5, 5K
B, BROGOZEHEGEEZ 2 XD, BT vy y LOEHZITV. Zhh o EBRSZHE S
5B 5,

E7. (A") = (A, 6/c) BEG (J") = (J,cp) BHTEAZ FAERK L, 2h2hmmAT
>+ )L (four-vector potentail) . FATTEFR (four-vector current) ¥ FHEIL 5, PEEIE F L
ZeZ 5 Z e bEHLTUILYL, BIZIX, S RICEMTM p/ DADBDHH, ZHn%E S KT
B, p=qp ERELRAZDZLITRD, BB, ZHEH EFTH, BRISMITOVTD
AR TH D, REME QITOVTIE, HHMINIBEI L TWAROEXD /1 -2 =1/
ML THRA S0, AEEERLZDT, TFELTIEZLL,

115 —TERETRET D ERDIED EHIS

S R TCTHEIE L 72 HEMDOIES E L2, 2R AN V OFEETEHNT WS S R THIHEIT
2y, BEBIOHWELIBHEITZ 32, ZASEXRDEISWCLTHETES, £3. 9 RT
Z. BAEIFEHIELTWADT, AAT—RF VY LB UIBNEEL. KD ESI1Th 3,

¢(xl7ylaz/7t/) _ MOCQ 1
15 41 \/$,2+y/2+2’2

INESHRTHZ Y, ABDT—RT UV v IILSEWEZT 0, FiizICHE LR T HRDON
ML RTUIYABHNTL B3, ZOEEIX A, DADEN, A, =0, A, =0Th5s,
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gb(xvya'z?t) :HOCQ i _ OCQ ’Y
IS 41 \/ZL‘IQ + y/2 + 12 41 \/’7 + y + 2
V V
Ay (2,9, 28) = poc@  (V/e)y _ Hoc@ ( /C)
41 \/CL’I2 + y/2 + Z/2 41 \/,y + y + 22

CORGER, Ay X o ITHBIL TV Z 230 h %,

V ¢(z,y,21)

A(z,y,z,t) = . .

B, BB INLET VY v b bET 200 K0,

c c cot 47 \/72(50 “VIZF 2+ 22
B :I‘OtA — IU’OCQ’)/(V/C) (0’ _z7 y) 3 (11.12)
A7 \/,),2 .I _ Vt)2 + y2 + 2:2
CDBRERDEICLTHEETES, ZIT, 0A/Ot DIEIZV L DHETHZ S Z &
ZRIHAL TV

BzrotAzrot(ZiS):grad(?) ><K:K><E

CcC C C C C C
EXTRUAZESE (VE, 0, 0) 2D LT, BEHROKRELTW3, DF b, BHOD
BAEMED & BEHIRICR > TWw3, BEIARE BERSGAO v = VI8 3EH E 3k
ROy e B TEL Ko TED., EITHADOES E, EFFIERD 1/42 2§ RoTWVW5S, D
b, BRI 2 HANCRTFEL RoTWD, iz, sIEITERST 20, ZOESZHET
FEFEDTT 2L, Qleg &N AVRADEHDMILL TV Z e bbhbd, BRBWSE v %
e LTCHERRTH 5,

116 UIF—=ILsDa4—=ANIFLRTOI¥I

FEOEEE LT3 EBHOELETF LS v LR RDTEI S, BH QM DL 2Tl
ERSE, 2N bY5E ¢ TEbo TV E, BHS TR %mt:@U5:tmtéo%
7%@#6%&@%&@@%&7}»&1u):r—r()z@

ct' + R(t') = ct (11.13)
WAL %,
F3, KA THFREHIELTRASZEOIRREEZEZ LD, T2, Bl t THHXNS
KT ¥ VIR TEZ N5,
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[ I Q  pe @
C

“dmege R(t) T 4w ot —t)
A =0

ZIZTHE_OESIZRX (11.13) ZHAHL TVS, RIT Q EE v TEHWTWS XS5ICRZ S
RANEHLTA LD, ZRUCEERD ¢ 2T L e LTREH T 2DB I WHIETH 5,

v _ Hoc Qu”
AY = 4(7)1' _ <Zu R;ﬂ)“)

P Ly R, W& PUTERZ R (RE) = (r— 7' c(t —t) RBBE L b DTH 5,
ChE AL GEHMLTERT L. KASELNS,

O _mo_ Q¢
¢c 4rR—v-R/c
o Qu
4T R—v-R/c

INEVIF—=IL s T14—AILRFT>I ¥l (Lienard-Wiechert potential) &\, (R
D Z N THEN L TV A ERDIEZRT V2 ¥ L TH 5,

ZOfNcE NS X5, MM T LR LR, HHEAYEELZZHE LT, [EL < FEBEETH
ENDBEIICHABT 2L D, WA PARWEITLT ¥ Y V%2155 ZeBZ2 VDT, Eh
TIELWY,

11.7 FEEEN

57 B TIRR-FEFRE S (induced electromotive force) ¥ 1%, Bk ZRUGHTEIN T L.
BR ICEBEBNDPRET 2 VWOIBHRTH L0, Z OBGUIAHEFREZ v 5 & fifi §ic H g
TEIENTES, WGP HZL A, HEZVEZOREIIE. XZ MVRT VS ¥ DD
%o RICHIGDRIZE N2 K, R FVKRT VY v ) UDRIEE L T T, BEiRHZE
MINCZEBIT 27 MR T Uy V2 BEIT 2 &, BEOKE 27 PLRT VY v L
RERETIICE B S

G (2,y,2,t) RCEEINIARY MART U VEEZ, Z2% o MiHACYV =0 T
EoTVWREREEZ LS, ZOEKL LDICEHOTWEROMEEE (o/,y,2,t') T %,
r=~ +ot') y=y. z=2 t=~{t' +vz') BRILT %, E-oTVWBEKRETIE, A D
R L L. X512, SRTEBHlEN o7 ¢ DENTL 3, ZOMER E' BBl h 3
X912k 3,
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08 A, (o—vA) (A, —vg) _ aA oA,
* = "o or T o T o Vor T or
A D 04, 0y 0A, 02
" ar " oy o 1V 0z o
A, 0r  0A Qy  9A, 0z DA, Ot
"ox ov oz ov ot ov
, 0A, o A,
_W’ax_ ox =0
oo OA (b —vA,) 0A A, OA
B =20 O eceh) Oh 0k Ok
ay ot dy ot oy ot

U@A %4—7@81490@ +708AI2
oxr 0y’ oy 0y’ 0z 0y’
0A, 0z 0A, 0y O0A, 0z 0A, Ot
C 0z At dy A 9z oY ot ot
0A, 04,

18y o
FIBIC LT, E, = yuB, B Ehi, E' = yv x B2/RE N5, FEHGERIGEE DS E12E
y=1YrREE2DT, FEEENORE —KT %,

—yvB,

11.8 MEDH 315G DHEX

WaE»»H %5, X (11.9) oGHO2ER (BXUE2ER) J" ZHBER (BXUH
HER) J, L RMER (B X CHEER) J,) »oMiEnsd, H5HLD, REERIZ
rot M + 0P /0t. FIFEME —divP THEA 6N, J' & J,' $PUILNRZ ML TH LA, R
WREETIE M 2 P 2WVWo MMOBEDPLENPNZ DD THZDT, REULERIIIUITT
Y NDWITEZ 5N B AR E W,

div(eoE + P) = py (X (5.2)). rot(B/puo — M) — d(eoE + P)/ot = Jy (X (5.4)) %
SHMTEZX51C, ZOTYYALNIEMT VYV ETERUTWRIETTH S, fiamz ol
T35, ¥IHIELT>VIL (magnetization tensor) %3 (11.7) 1T T, LT D X5 ITESHE
5,

0 M, —-M, cP,

—M, 0 M, cP,

M, —M, 0 cP,
—cP, —cP, —cP, 0

(M) =

T BRSO, By 12iE My HHIS LTV S, B, /e 124& —cP HHHE LTV % £
aufﬁumo_@mmryy»%%mat\%n:mmwmt&b\mﬁﬁ%%éméo

8m(Bnm o MOMnm) — H()an
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B, REWREE T3 nD,

Bnm
Ho
Wb, BIE#T >V IL (sub-electromagnetic tensor) #/E&ET 3 &,

M — — M

O H™™ = J ;™

CEDLIHBIICRETE S, WIUCHE X, rot E XY div B RIZVWE DHERZT VWD
T, X (11.10) X2 D EMILT %,

ATV DOPDIUITEAR Y PART Y IVZFAN LI, TS0 TS AR B
e 2r 5, B2 Bty YL ERT VYV ERIUEREZZITS, Lizdio T, fHIH
WREEN L TV B FERETIE. XD LS ITEH T 5,

M) =M,
= (M + L cP)
c 1
cPTl :cPH

cP'| =y <cP—E ><M>
C €L

2T, 9P EE R OBAILTALS, M =0 B, PI3ETELT 2.
%ﬁf:&: M' =~y(vx P), =~yvx P} RABWEDELZZebh %, Uk bELRIE
DEMRD —v DJTANBET 5 DT, FERVCE RN, BULER2DTH 5,
/ﬁkﬁfﬂ[ﬁM’E@J(—é#%%ﬂ@ﬂbf&iﬁo P=0YvE, M ZHETENT 20, #Hil
WP =—vvxM/?)| = —yvx M|/ R2DWPEL B eBbhr b, 2Fb, Hifi
ZEIPT MM ET LIk, MR L TESHHEET e EINDE, Brol
BABMERTH S, ZHUTOVTIE, 124 8T, XD TZORBEICDVWTHENS,

11.9 RIZRAVIIRA. RA2VT42IRT ML, BHEIX
e

58 FIOR L ERGOF OEHESL T AL —OEERS ., HmTIEM—LtRtd 2k
MNTED, DA L-ERPERICEH ST £, a—L Y HERELEXARTEZ 5013,

f=pE+JxB

8HHEITIE., CORKDBERGOEFHEZEHT LI TEL, T, v—L Y hHoKt
v DNREZIES &, KTk 2,



11 E xR

ZoHEHAD JH e, K (11.9) %

f-v=J-FE

8.6 fHiTIX., ZOXIDEMGOZAINF—2EHTE N TE,
INHLZODKZ v, [5T58, TWTRTZ ML TEEDHBEZENTE 5,

fn — BZ,JI

ZRHL TG TEZIRZ S,

" = ~Bro,B™
Ho
T2, ZORDELEFRAD &5 TABTE %,
[ =0T (11.14)
7L, T 3R TER SN D,
(11.15)

1 1 g
TV — BlnBlm o _gntlj Bji
Ho 4

ZDREHEUTD X5 TH %,

1 - L
é%mﬂwﬂ:Bﬁ%ym+8m&ﬁﬁ—ZfﬂBW%%ﬁJ%%ﬂ%(UJ&

F3R (11.16) OFE—THIE pof" THH, B _IHIRD LS LK TE %,

BlmamBln :gnkBlmamBkl — —g”k(BlmﬁmBkl + BlmamBkl)

= — 5 "’“(B”@ZBM + B”BjBik)
2T, ZORODZOHDEETH 2P, F—IHIIOWTIE B™ - —B™ ¥ L. m — i,

| - jJ EBZXELTWVWS, £/, HFHIZOVWTIWE L —iom — j CBEZEL, 512
Bri — — Bk rLTWwW3, 721K (11 16) DFEZIAX, KRAD LS ICEFTE 5,

1 g y 1 i ij

=79 (BY0nBjs + BjiOmBY) = — 29" (B0 Bji + B;i0x B")
1 n ¥

_ 59 kB JakBji

T, $THMOEFEST. m —» k LEEZHZ 2, “HHOFESTIE. BE—HDOIFS X
B O B OREFBEEZFRFICITS 22T, g ESLRVEIICL TV, H_IHDIFES
it jEANBEATVS, ZOME, MEEE—KL, 1/41&F1/2 %%, LidoT, R
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(11.16) 1&

O T"™ = f" — ”kB”(ﬁ Byj + 0jBix, + 0k Bji) = [

Z 2T, &EOFEMAEK (11.10) TH2 e 2FMHALTO WKL TWS, THATIHERHIZED
TH%,
X (11.15) © By #H5kE T2 2. XABFELN S,

1 1 g
TV — Bnkglelm _ _gntw Bji
Ho 4

TP FZETTDS T VIV eI S, 22T, BOBED 52T, T ORT2EZH
LTAHL D,

Tacm Tmy Twz —CGx
nmy __ Tym Tyy Tyz —CGy
(T ) N sz sz Tzz —Cgz

—Sz/c =Sy/c —=S./c —(ue+ upm)

BT B, & E; OFMITHEZ o020, ZAbld, 85 MiC/RULEIGNT ¥ Y T, DK

DB IVEBGOEIE g,. S6HITRLIERA VT 4 VIR FLDOERT S;. BLUES
IANF— u, EWBTINF — u,, O =T 2720, ZhoZ o Titd L /2,

BB, T @ENFET YL THD ., S;/c=—cg; THD, Tt R (8.17)ITRL S =Yg
LFICEKRTD %, é%m\fmlmni‘ﬁ(ﬂh%i@f@l@t%ém—ﬁﬁé’t
DREINDG, THTEXD, GRHVEENE » BRI T AL X — ORI E I Z e H3
METE L5,

FKiZ, EHFRLE ZALXF—IZOVWTIE, BHRG THRmz TV, K7 V2 vy )LD 25034
Motz RTVI Y VNDHEBPEDKRENRIGTHE Z e ZHPELTELRBEEEZ D L,
BRTHb, B tEHEBFEZTATIELL,
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BI2E
\S 2 SRVAI 4

BHRFIIEZ L DRT Ry ZADRTREINT WS, X7 Fy 7 X, B REBENEZ
EHIoTWT, HOFICHEIVICIERT 2580 H 50, 2L DEE, BREEBEDPARZICE
ABRODPSTRATHKERTH 2720, —RICEHHEIITEZDPHER VD DHZ W,

IO LR RNy 712, ZhoEFHLT, BERKFAEIFE> TOWEDTIERV2E W
Sd T B H B, FEISBHRFAZ. MR /a2 a4 RICRHZWEDIELWVWE
BLTWa7, A[gERRD, MEZH L TALVWEERS>TEBD, AT, BEJIoBFIE
HWVWINEERHRITIZ, BB, TRy 7R 0oTh, BELALLEDELVWHD D DU,
DY HIGEWD Db H L, ZITIE, AZEOMHLHDITAHL DD, HRTHEHKL T
W5,

WIIUCE K, T Ry 7 RDEZEHTIIE. RECE VWML ==V 71Tk b720,
RAZBGRTDIRHE LI F L RWVWD, AETEEIMEZIERL. REOHITe Vb
DAHETR L. EINEITR Uz, AIRERIR D, O, BATE L TD HW0W,

12.1 FFFIREFv/NOREASNIFZEEICELS D

K 12.1 1R T & 512, FTERF v 3> Xl ohi@Ec AR S A ERICE <

DEFREIE, IRBZEMIC X 2FE AL —OZ (b bR TIN5, WiRICIE Q 725 —EDESM
Do TED, Moo /RS % L 35, Mk, #bho ¢ X THEERIEDRL
TWhetd5, TOLE, Fr 0 XOFREEF. C=[ex+eo(L—2)|W/dTH53, 1L
MR DBATE W, [MgZ d 2 Lz, Lo TIDF vy NP RIZEZLNTWEEEL AL
F—1Z U =Q?%/2C = Q%*d/2W [ex +eo(L —2)] TH 3, Zh&b, FEAEKIEF = —dU/dx
25T, FrTZNTEIZIAENZ LW FERIEHN 5,

STHEIZ, ot E, ERDO7—a Y 2RO TAZ L, WITNTHEHIIMRICE
HHRITH | Z AL B o TWRW, B X DD 2 > TWRWDIZ, mm%%Wiﬁﬁ
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s
t
d
v

g

-« L >

12,1 FATEMRF v o8> XTI A S A BRI IS 2A $h 5,

XDNEELEDZ2DTHA D D,
MREZEEICT 272012, ¢ > 00 2T 28, ABEBARFICIEXEGDIZTLAL R0,
AEARERAMEZELMMBEIN-SBICEZRZI 2B TELIDT,. ZNTEZ X,

12.2 35D

PIZIE, —RRZSG DD 5, ZOWGBRHENICELT 2 LES, 2995k, 777
7 — DEHEAEDIEANC Lo T, EEOMMR LOBESHOME M, 2T T 2K
DR e 720, 0 T3 %%, 2% D, PRI ELNFEELTVWSE I L
2785, ZOEBZBDODHMEZESLZAL DTHA I D, WHIFWd2e A5 —HRTH DT,
—H. ZOHHZRET 5 DIFAARED X 5 1I2Bbh s,

123 BAORBEZP T E—FORIEGEFICEINI-OTILICE
<77

E—ZOEEEF (rotor) FBEFEWAZTHWTIC, BERREFOERMMEARICa L L ZE N
T orOEBHA (eletromagnet) ZHW5, ERE—X T HizFI@EERAaZHVWS &
BEIEF (stator) DAL FIEE o METIE>TLES, D=0, BRF (commutator)
ZRAW, FEEEFOMEIC KD ERAOMEZ N % S I 2T, ERAICEIC—EARDH
Moz X5 L TREEZFHT 2, KME—XTlE, BEICX ) EETORENIZE S0, W
TR KEMAZET I LIRS, ST, BWAZIA VICERZRT, 2034 Ir25
TR L TE—XDEEEIC 213 T72D T, IEBICKERITIVMDZIETTHD., Lo
D LG 2 ERERAIRR R WEHIZR D, A LB ZT TV 2R & O otk
WAL RBREDREE R DI3T TH ), EEO—X 2/ 20D ERNMEDZLTWVWS
FIOCRZD, ZOEBEZTRVDTHA S,
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(a) (b)
X 12.2 #EESGH RS EARE | HEEROT LS < 58,

124 #B<HADVEETSES

B 12.2 (a) T & SIS, FATHENE D IR & EE 72 /7 A % [\ < Efe A, 22
5B L CEROANCEERAFAICE»T 2. 7L 2 Y ZTOEFOERNC Uz - THisa i
BNEDRET S,

HBHVE ROXSICHALTD L, BRFOERCER—L Y IDEE, ZOHick
D BHEITEARIGDIE S WCED S DD, ZORR. WOHEICEMIER SN, &S
s, EROBHFINIEEZ2DIEZ0ESE., bbb OWHDOIEZrR—L Y IR0k
B ETH?, 2FD, vx BOMBEDITZIDENENFKET S,

ST, FRZZEZT, FRK (b) ® k512, BHEDIFS ZEEL. WADIES 28 L TAh KX
Yo T, BRIZIEFoTWARS, B—L Y @DV, B DTN DR WR D
WEHE—ETH DT, BWAEDOERANC X 2E S RAER T, B LICXEBEMEFIRE LR
WZXIiZkb,

125 F1786%0 2 EREICE< A

y WAPNICHER o BERCEB2N o0 IEERED D, ZOMIEIZ—m )N
Q1Q2/4mega® DFNDENT WS, D 2 Ef%E Z DML EEAL o B NSEE v TED
T, T2, BROBENCKDBIGLHEEL, ZORGICLE2NEIZO00EMREZETOLE S X
BTz, RIT D7 —a v I Tokk512khd, RUNLEIEREBERFTERSZD
WEFETH 5,
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12.6 WIHIIDHK

774> (Feynman) V¥ DOENIHZ -7 Fv 72 THEH, B 12.31TRFTED
W2, EIREHATRAMICEE L TV A ERICIE. BESMEBERIPEH, ZO0R%ESHKE
L9, ST, ZOBEME—HICEH<RZ S Re L&D, S RTHZ ., BdLE->TH
2570, WHOMBIIHEELT 2, 20, HEHEERL. SKRTHLNDEFET %,

127 774X VDEBRIEABONS Ky I X

IND T 7 AP H BT Ry 7 ATHED, B 12.4 18T L5 B _MEDER
HEIT 2EMEE R S, v HANCEMGERZ L C0 2 EMHAL OIEEIIC. B & 5 EHIDOER#2
MEBREEEZ 5, B#2 1%, Bfi#l OFEFHFA L EAD y FENSENNTW S, & &
W 2 RD 2 b, BB K2 INTEMERRECIERIDELT 2, —7. #1IZIE#2 D
TEDWEIHC X 2 1D DT Uy #2132 5 L d@n» 3, ERKIEROERID KL L
72 72 B0, AR,

bS5V LEEBMNICOMTESRE LLS, ZREMRZ yz HICIED 2 “KOER S —
MIEEXHZTATDH, FRREEIFET 205, D,

F
Q(g—wu ¥6)

C—— ©O Vv« (C_— O
I I

(a) (b)

12.3  (a) BRHPINTHZIBZSHRE, b) EE-THRHZ3 S ZTlE. BERODZITS
TBEZ 2D,

*1 R. P. Feynman, R. B. Leighton & M. Sands, ” The Feynman Lectures on Physics”, Addison Wesley,
1965. HRFBELODFER 17 74 = VYY) 255 5,



166 128 SRy X

B(t) B(t)

125 WHZ5HD TV &, ZODRICG X 5N 5 AEFHR DI 0 TR %5,

v2

Fy

124 “OOBBBHIE  HICIE, (ERRMEROEIART Law,
fe: MM, 15 T

128 TZ7ARIVOAEMEDNFTFY IR

IND 774 R VEFEOEIIHZT Ry 7R TH50, Hlpdh, FLERETCLT
ZMPRICHEBERPERSNTWDE T 5, £z, ZOMREICEREY L /4 Faf s -
TWd, BN IAVIZERZIRL T, fHEEZF-oTHEL<, FARZa~D X5 ICEHICEERT
XZ2LICLTBVT, Z0afLoERERUIZ e, BRIROBENRE L. RE MDD ZDEYS
WEoTEHZED 5, MEIE. B4 VOERPITRNT VS & X IITAEEEDR D 2 7D
2, BEREYZ ., AEHEIRETZIETHE, 2Fh, AEHEIMEFEINLV LI
2205, falith.

bS5V UERBNICOMTEZH e LES, B 125 2H 3 X512, FLOEREDER
EZ, ZhoOfIEICHAT 2 XS5 ICIEADERMEE X TE L MERIZIEMNIIHEWVIC
THUBEVWESREEINTVWEdDE TS, Iz LHic, FLE@EIEEROVL
A RDBHY, HOHLLDNEL O —RIESEE 52 TEL, HIRALSZOWSEEEFITHL T
W b, BRFEICIVRIKOESPHEAEL., ZhSIEEOBBRICHIE X, zh 2l
E—XVEEEOHT, ZOE—X Y FOKBANZO0 2 IE2 5RO T, AEHENSZ 5N
Z AT B, A D,
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—-Q(t)

+Q(t)
()]
B | B

X 12.6 —EWHDH LT, “ODRICHEZLNTWAEMRZELIEZ L, AEHED
BRI 0 TR %5,

129 INT - NT7DABEHFHED/NT RV IR

Hi/NiD 7 7 4 =2 DT Ry 7 ATE, WEHELL TR0, BHEPENTEET L
HARETH 5, INT + INT (Pugh-Pugh) 6520ERL72H DT, B 12.6 IZRT X512, HiFE
CRUCHETH 20, FEIEIHGIE—ETHD, FEHEINTVRIEMRMDIISIND001E Q £T
—EDOHXTET S, 2O =, BRIINHDOIMDIZS 1 HFEAIND LTS, ZIUTH
A LT, ABEDIED WM X DEMNTANS, ZDE X, WKORMEIITRANL S EIMICIEa —
LY ML, ZOHDOEFHINBRE BEZ X2 HIACAEESEEY 525 X5 R MLy BH
T2, = BB VLI RFTET 22, AL ZDIRIEEND D, FiF. ZDoDERIC
EZoN2AMEHBONT0 L3RRV, 2% D, 20X, AEFRIIEFEIAZ VX
SRR B0, A,

BB, DrdeonT - XT7OREL, HMCEINLZY L4 FoRbbiz, NEDOWHE—
=ttt azE 2, ZhOE2H52 2SI E TS, TDIEH D, TRTOH
RHPNEDONANAEET 2720, BEZRTWVH, HRIEOIELZHIBOELZFI S RVwe, FHHETE
W0 BRIADIER G OMEIX, A REFFRICHTWS 72D, U, F 74 LTUELWLY, W
AU L THARENZZIT R,

1210 +FO—=bF2 « J=TILDOMILIDNF VIR

fO—bk> < /=7 )L (Trouton-Noble) B3R L7287 Ky 7 AT, 2z 8L, 45° 1

BONIERE—XA Y M3H 5, MO EMRMOBIITESE— X ¥ b OIS AT 251 1 0E)
TWb,

B 12.7 1R 3 X512, ZOEKE—X Y M2 2 #liFHAIC —v OEETEHNTW 2 R0 68l
B2y, BRPEZERBICEZNIBRE—A Y MOARODE | 30, ZAINCE
FIDBENT 2 7-DICRET2WEL D25, ZOWMGOEZNE 2 EMICRD, R LT
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BFERE—X Y bEET MY 2T 5,
EHELDRICBIIBFERMPIELVDTH A DD

X 12.7 #HIEL TV ARIDOBRICH 2 - ODEROBNIZF I LEIL VDS, Zb
DEWTRZ 2R TR, BELMEED INPRET 5,

12.11 FHOMA CEESEROIERARIERADONS Ry I X

K 12.8 IT/RT L H I, EFEEZ LTV ERODIEMIC, FIFIKOBEARD, % BER D
HENFMEBEL RS X ICEIPNT VS, MANEROIELHSE» 2T 2 NE2RDD L.
BAE— XY MIMGOZWAHRANGZIAZh 2006, O TIEIERLTO RS, —
B BEE, WAEDOELIHS 2L 2DT, EAZONZREL 2, oK. FAREMADE
HIASERAL L7z K 72 %,

RICBEME L DIRKHL Z,LR2 Y, BARESOEEIZIRVDT, HEZFHhwn, —
7. BRIEBEA DG OEEIIZ I RVDT, eI R, ZOGERERRIEHDERNIK
VT BN, WADEHIEL TRIZRTOMRE o2 —H LRV,

M

-

O v
X 12.8 FIHCKEGA I - TRE)S 2 B,



12.12 TV Y OALICE L 1D 5 Ky 72 X 169

1212 FLT Y OBIEICBS IDNFT Ry IR

TLEYEPHE LTI Ry VR THD, WADET NV E LT, i SRR, BIfEIE
BWLBROETADND 20, Zhb%k rot B # 0 DIFET 2WETICANS . K 12.9 1TR
T X2, OB AFADPHIRT 5, BB, rot BA0DWH X, BHTEL EICX5bDk
L&,

ZAUZDWTAFHTIE, (8.1) HITHENRZ LS Z, BLERDOETADBIELWVWE LD, Z
DA, HORERIZY 55TV D0,

F_N B
B Fé!g= F
F I
S

X 12.9 [0 D 3G ICE» Nz BRI E OIS 5 T, K BEAD X 5 I
PR MRE F L, A B0 a4 1o k5 Icfin LB RETF L

1213 > b

F3. ZZIWWORLAENRT Ry 7 R30I Nd T Ry 7 2Tk, REFIR L - HiFHcH
fRATRECTH 5 Z L bR TEHZ 5,

LY bEROENC, I —E, HOTEATALD, 7 Ny 7 RZATOHEBORE %
Frv T30, ELOTIVWFETHEINLTH S,

12.13.1 FITERF v /N RICHEASNI-BERFICEHLS A

B Y ABARORNAEL 2 AN T, BELY IRIPEERLTAL I, Flle - 0o
DEEIFERZLBICE S TH LVDOT, ERIIHBIERICR 2,

12.13.2 B sl

—RREHE Vo Th, EIPRZENZFEoTWEEMDVD 23T TDH S, WHBHAII
FoTELNTWEEETS, MAOTOEREZE AL, AL TH2,

*2 B. D. H. Tellegen, ”Magnetic Dipole Model”, Am. J. Phys., Vol. 30, pp. 650-652, 1962
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12133 #H<WANRETBE

Z DOFREIE. B DORED, FEICL2HE . BRPEIKGAEOEEID L
%%EAZ@MLTmﬁ@ H5A7b/7xritm BEANCEDE LA Tl B0 E)
CHBAETHD, A ZEH»THEICEERFETE I IV, ZOERZEA, BAOD
ﬂ%%%@?%%ﬁklﬁéhk%%ﬁ%%z%t\%bkﬁxﬁémﬁ@m5®@ﬁk
. BT 5, Lo T, 2O > T, BGXRAET 2DIFHLHLTH 5,
7272, BIROD & Z A TGN E L vz mﬁ'ﬂdiﬁ%bj‘%b\

12.13.4 F17#8) 2 EREEICEL< B

ZORT Ry 2 R, AR DR L BT X RV, BEEROESEHE —av 0
HHIY 2R R 5, R (1111) 2 ¥ 250,

12.13.5 HBISHDHER

TDNRT Ry 272, HmE#FEbinweHETERW, BREHEEKL TV EEDSTHE
B ILTHINZIDEEBLALEHELTALS,

12.13.6 BAOBEISPTE E—XDEERFICEINT-TILICELS B

A NVHNOBERICHEINIBMLEREZBEFT L TA LI,

12.13.7 774X VODEBRIEBDNS Ry IR

BWAFA T, BERGIEEE (R VT4 Y IR MV/?) ZRiokzh, =X ¥ —%
FMELZDT 20T, 202 2ERLARFIUIR SV, ERKIERAOEINE, BEar B
LGORICEKAL L, —7. BEGICE S SXTOHOENZ, BRGOHEEIREZHENXE2 2
W5, L7edioT, B e BERSGOEIHEDHIMBOMRANT 0 & 24U, FEIZR
WZ kil b,

yz TICHEDS 2 DB S — F DA, #1 OBEROBENC X 28513, ZMNERDEDT
BB Jp +00E, /Ot BED L 25 01245 Z L IZERINIZWV, FiZ#1 OBER Q 28 —c0
DZEMD B oo WETHENT 2ETRME r 328, BRI Q/r 27250, ZOMHEIZRD
RNE LR %,

MEMOEGE. MERRA YT 4 Y I7X7 MLOFEIHERBLZDT, BLZY KRS ¥
T4 VIR CADRET 20 RHNTA LS, HEMDGE D 2BEIMIKRINITIZIZ 0T
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Hb, LrL, BEEMD L ZAIZHNERFEEZBWZHED X 5 REFNZR2SERHS TR
CORBERIIECA - YN VBORIGEFAET %,

#1 OFET 2EMSGE E1. B, #2D/% Ey, By 23582, RA VYT 4V IRT b
MEI(Ey xBi+E; xBy+Eyx Bl +Ey x By)/jig TH 22, H1HLEA4THD LS 7%
HEDOES L WHOEIE, FEICKFEE T —EROTHEHAL TXWv, H2HEH 3THDORKEIH
DAERDOMNREHE X,

12138 T7AURVDAEFHEDNFTFY IR

—R, FOMBEERT X5 TH 20, ZOHEIIIEFEBA > TWd, ZD[EFRE —FEICH)
EFEREE 2V, (ERARIERAOERINEFAETE Z 5 Th 52, FHRMHENGRT D EEED A -
TR NE, EHRTRL 25720, REDNTVRWL, Lo T, RL YT 4 Y IRT b
NDIES AEEEEZE 2 X 521570,

12139 N7 - NTDAEHMEDNF KV IR

BB AUE, FEAERICFETHETE S, RIED. RA VT4 Y IRZ PLDIES
AR ZE 2 X5 215720,

121310 +FA—=F2 « J=TILDRILIDNFEY IR

Rl 45° OWIRICE PN EAD BRI EWICKIETFINE, —v OFEETEH VTN S &K
LRTALS, ZO EMAL LTEHRES, @FON LTS KD, 2%
ZILTA LS, ZOLHEMRIIBR LB ORITAEMRE —B L. MLIZDBEHNTVWSE X512
HZx5,

DD, ZOMBEEX. ERIORKEICES S HOTIERL, THEDTHEZ 2 HAHER
M LEOBRIZDTH %,

ZNTIEME, BOTOWARTIE ML DBRELTOVWEINICRI D150, MLIDF
I D LS REHFTHEBERIBR OB VDD REEZEZEZTALD,

12.13.11 FEHOERARIERADNZ Ky I X

WEETOMDRT Ry 7 ZDOBPERETEZANICE, FLATHEDRWAST Ry 7 AT
H2, BIERA T4 I R7 MLV THRETE S, BYE, EoziddTh b, EBEHMEL
TW3,
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12.13.12 FLT U OBILICEBS ADNS FY IR

BAEDOLERE T VOIEAEZMREEL X5, UL LTERXD LD & o LHEITH 503,
FHEEROMNO D ICEHERDOL - T NEEZEZL S, 612, NORIMEME LT, KA
VT4 IR MADTAZFHELT, DUO2EMAERAR. BILERETAVDHHELW,

121313 TLT 2V OBILICB<AADNSFY IR

REOHLBRETNVDOIEYHZMIEL X5, Mt LTEZSZEH & o L HEITH %55,
WEEBEROMRO D ICHHERDONL— I hEEZ LS, 2612, HORIEA2 LT, KA
VT AVIRZ FPADHFAEGELT, DU2FERE AR BULBRET VDO HDIEL WL,
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T8 A
BIRERCRTOvIL

Al BIEME

BBIGE(KR (superconductor) TIXETFVPVWHEDOHE LT THWIG|IZEL 2488, —
IN—xF (Cooper pair) EMIINZ BT 0b 5% 5EENF (quasi particle) ZHKT 5, Z
DUER 1T 1/2 A VHF il 574570, ALY (2L ORBEEIREARTIEREY Y 0.
EiEREARTIEIAE Y 1) OR—XHF (boson) & LTIREES ., Fric, T RIRICKR S
R—XBE (Bose condensation) Z#Z L. £ T—o0& T I FNHEIREK Tz 5
XD BIREFVEIT S,

DFh, KT LD 5,

(p+ qA)?

TE (A1)

(E+qo)y =

CZT, EXRpEBRDES MWD THEHETFTH 5,

0
E =ih—
"ot

p = — thgrad

S oI MR TRMEI 2R 2T OIEEMZ NS 2 LS ICETHIET 2720, ET
HEEIIZEE (n) 722570, ¢ DIRMEIZ—EITHR D, D XS HRIGEITE Y = || exp(if)
LEL LD, RADLT 5,

Zh&D
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(p+eA)?Y =(p+eA)(hgrad§ + eA)
=[—ih? V0 — ihdiv A + eA(hgrad 0 + eA) + (hgrad 0 + eA)?|y

2% b, (A1)
BROHRE T 0. BEEEEEARICT 2 LK TH B, BIRERO BT E SN T
W LTIE RIS %,

p =2mv — 2eA
E =T — 2e¢p

T, BEENTOERY 2m. BIEEN TOERE —2e £ Lz, £/ TIEE T L
¥F— PR32 A NLFXF—Thb, —f, BLRENTIEIETNFOETOLSIMHEROZ
DHIGNTWS, ZONtHE O T3, RDOADLKILT S,

p =hgrad 6
00
E=—h—
hat

T ZC\ it 013, BIEIE & D RO TR  EHREMFZHT S 2 e 230r o Tn b,

9 1 020
Vi age =0

n - grad 6 =0 (at surface)

ST, n Z2BEENTOEEE T, XADKILT %,

oA, ROBBBH/LNS,

2

¢I:2;f(—@ogad9—fﬂ (A.2)
2en 00

P T e (‘I’OE - ¢) (A.3)

ZZT, P I3HEREF (lux quantum) XN 2PHET, KA TERINS,
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oA EEREHDZER (current continuity law) ODXANRKATEE, KFro v v
PA—L Y X5 — (Lorenz gauge) TH 2 Z e BEBIZEIND, Lid-> T, BT #
QIZE, £30%2ME, SR RTUIvILOKEESFTEIX (wave equation of
potentials) ZEHV. XH 2 Z kb, EREZRT Oy LOFEEFHERANMALTA LS,

, 1 1 82 d,
(V+ﬁ—§aﬁA:—Vyma
(A.4)

2 1 1 82 _(I)Q 00
<V+ﬁ_§§ﬁ¢;ﬁa (45)

ZZT M KA TREINZ2BREBAR (magnetic penetration depth) XN 2 EXT

H5,
A=)
2pp€e2n

A—ootF 5, HHEMORIZZ DT, BEEDOHMRZHHICF v 7 T2 LNT
%%, EEOBLEARTIE lum BEULTOELD TNIRETH 2, \BERO L =, X
DEDIFEIL O HER I N 2 DT, FRT V¥ v d, BEEERORED? S A D
FERE CHRBBIBINCRA T 2o Z b 2RT, b AA. 2060 HEAGELRERD
W2 THOLT %, AMETIE, Db DRT VI Y VOB AEROELEZ 0 & L1zH1E
RPKILT B,

ZNTIE, EBRICRNTA L,

SV ERIE S O P

R — Y R O RO

R(A2) & (A3) Zu—LYRF—YDERT VT ¥ LOEARK (A4) & (A5 AMUALTA
5. BLIZXA»HFON S,

2 18 p
VP @ T
9 10%°0 J
y
v 2 92 A2

BATRIZ 25565

oL ARBELED, IOblEp L JBEXLROPHORDZILNTES, 9135 —IT
HBDE, MHIERZ LB TELDT, WeBLIB0=0THELTEL, oL AldplL
J BT 255, BEEEF TR, LD RE»S N BEEORS T THEBEIBIICEEL T
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W, ZOLE, RETORT VI Y ILDMHEIERT VS v VOEZXHFHDOLED N G725,
ZERHTORT > ¥ v VFHIRERFORT oy L e ED AR GERE b Ze s, @
REARIHETIRRROEE D RIS %, BIEEERD M 1lpm U TOEXbODH TN RET
HBHZerH, A= 0F5r, BEEARRETIEIRT VY VOABIIFELTH, K7 v
Y ILDMEEFDDHDIXIELAY 0 TH 3 I LhEIND,

A2 DtV ES
A3 BIREAHIZVR

BIEERDA VBT R A RETE T 201, BEDA R I2>2 X (inductance) ZEHEL
TAHA LI, T ERDEL2WAZEHET 2008 E@ETH %, WFIIRT PLRT VT v L
MOFHETEZDT, HIIRORDE _JHEHEARL LTWD2WVWZR 5,

p=Mv+qA

ZORIE—BLEE R L FHEN I EDERTH 5, N TOEIFILF—I1ZU = Mv?/2 +
qV TRENEH, EEICE S EFH A LXF— (X TIE Mev, & E2NDE) ERT >
X NIAINF—DNTEZ NS, FAKIC, KTFOREHREZ, #HEIEDS S ENZ 3L
F—eRT METVT Yy LONTEZ NS,

ZLOMBTE ERDE—THIWHATZ 2D . p=qA tRINE, =/ F =dp/dt TH
D.E/F=—qgradV THEDT,gradV = —0A/Ot BRI T %, ZZT.F=—qgradV
ThHoT, F=qFE TERZVWIEIEELTIELY, 22T, »2EEOEPEARTTE T
%L ZZE. ZORDOMEHDENMAIF I DEAZRICH > TREEZ? T2 2 TatET 52 L
HTED, COLEEUDBMETSINLE DT, RRAHKILT %,

0
AV = — 8t/d’r A

AV 3T OR R EIGROEBNEZ 2T, AF1E. BROTN S FHNIEMND D> TwL
EWVWOIERELENLTDH S,
EEEFEEGR CIXEROMAUCH S o TEMNN ENZ L ERX L TWEOT, HIEHEGRO BN H
W3E, XX (A6) DX STk D, Dk, BUOERIIEKERET 2L L5, dic, A
HADRZ MUVRT Vo vy ME, BOEBOERPLHMOFDBEFIC X DR X2 DT,

o dl;
AV = [dr A= ZL (A.6)
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DEOIRBERZ, L, 3HHIRETH2, 2055, BROEBRZLL2FETHBESA
YRRV R (self-inductance) TH %, ¥/, MOBROFLGHIHHPEEA VY RIZVR
(mutual-inductance) T 5%,

BB, ARORSDEMIEL R PART U ¥y VIRATEZ NS, ThDPBRA >
AR (magnetic-inductance) € LTI HASNTVWAHERTH 5,

o dv
4dmr
ST, EREARTIIEAMARE Y- D OBFREEEZRELTHI L0 TES, 2%D, H—HE
DAGPEMATERL B 25 EHDHRLB WV, RS, BEET L7 o= 2T, FEHROMIH
BOVNS WIS IEE—HOEEN K 125, HHZIDRD 255D EZRLTEI 5,
u@i%n/:r\\ FIHITERBEICEIZ N TE S,

MJ
Pp=—>
ng
WA X2 ADGE L RSN ZREMD S 2 . AR EGRO BN Z v

T, qegradV 27225006, ROELHCEEXHZ N5,
M dJ
ng? dt
DD, BAEE D M/(ng?) DA YR I R R RO LB TE S, ZHITHD
R 2#), BMEEZERMICE IR S L.

gradV =

L
ng? S dt

BA VR X RAFERZCHAIL, MEBEICHEHLET 2 2 eABEETE XS, 2ol &7
RV RINEA AU R R (kinetic-inductance) & FHIN 203, Z DKM THD A S D
CHEEIETOBEEISKTVWE, ETOHRICK - T, EFEHHICIEEZIFES Z 2
TERWV, DFDERZMIUMITIZIELS L WVWIHIRERE RS, OB X7 X R LTH
HENZ2DTH 2, REINENZDDTH-oTH, BRRINICIZHCA VX7 XA 6E
HBE AP,

TTC, FHEHHBF HHMHATELRWGERE SR D2DTH A 5 D%

AV =

M dJ dA

qv = = 40, 42
& ng? dt + dt

L%, TH&D
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M d d

BELNE, DFDNFEAVEIR VAR A YR IZ R ADEENMESN S,

A4 T304 FRDEFIL

BB ERNEFNIRICE T, ZROBEFERBRI O —D20ETIREICK2 720
Bohr D& TF&HAD & 5 RBEH (HEIEZ7727V4F) OBRTLHERPRET 3,
—ODETIRELRDT U(r) DLIICHART 2D TES, LordEMEEIZHESE
25 n LIEFEEICHE > TWEDT, U(r) = /nexp(if(r)) L8 T2 e N TE S, 22
Tp=—ihV RBEETE KT 2. AV 0/nexp(if(r)) = AV OU(r) £7k3, DFD
p=hV0 LT, BIZIEN—FROBILER TS T—ET 5 &, MHOIFFEL T
WOV S 0 OEKIE 2r ORISR E Zicksd, kD

/'r-p:2n7rh:nh

WENN D,
7B, TOXOEEBZEDOESLIRIT W ORODIT A/ 2r ZHVWEZ T 5, ggradV =
dp/dt XD, [dtAV = [dr -p/qTH%, ZOBEORHEIZT IV A K (luxoid) @

ERHE S,
@:/dtv

Ihdb, EEXxo X5 1cEz#Zz oM 5,

A(P:l/dr-p:LAQ
q 2mq

ZZT, AP AQ X, BSOS LBRICBIIZETHE, 2 LD

AD :nﬁ ZTL(I)Q
q

THb, WOETHRL &g=h/qTH3, BEREERFPTIETF MM — =T Z{E-T
WBDT &y =h/2e =2x10"2Wb TH 3, INEHWEEF (lux quantum) W5, 3k
BERZE T4 REFTHSHD, HABTIIHRHKHETF ATV S,

bL. 777VA4 FOMEZMES 2561, AIHIRERONIEZRDLSICTEL I TE S,

M
AP =— dT~J—|—/dT'A
ngq
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Z D#ED Z AL — T L TIT AR

M
n<I>0:—2/dr-J+¢'m
ngq

FENIETFAEEZRLTOWS, F/z, BHEINRS PLRT VO Y VORES D, LV— T %8
BT BWH @, ICHR->TWB I EAHAL TV, BIZIE, B IHALENZIGEITE, ET
BRDPHRE FORBMEICKR S, ZUDPEDER TOMKRORETLTH S, Fiz. F—HIX
B3G5 121X, Bohr D& TSR XN 2 IFHERIE D B T30 E o5, —kiTi
77774 FoET{be kb,

A5 BIERIER O

EEOEFETIE. FILEARTOERB (Kirchhoff current law) (Kh-1) £ *ILERTDE
B (Kirchhoff voltage law) (Kh-V) 23EARIZH 5, N5 TR TOBEROFEAD 0
WhbZee, =R o BN ADRMN 0125 22 TRIND,

Kh-I: d ;=0 (47157 )
Kh-V: Y Vi=0 (L—F)

EEEMEEETH. IO DEANIYARBILT 505, BREERIL—-T2FoTnd e, 75
IIA RP—EIWRIZNDEVWHSHENRD D, Lrd, ZO—EMIIHKRET OBEUE IR
5, EOEEICWS &, BIEEARBIUOY a7 Y YFEFDTFIYVA R (luxoid) DFEHID
mAbEh s,

BEZREED LD DIZT7 77V 4 RTHEDT, B9 512 Kh-V AIZERHED LFIL

ERTDT7S0Y 4 RAl (Kirchhoff fluxoid law) 23EAZ3 %,

Kh-®: > @ =nd (L—F)

\_O)_t%ﬂﬂ‘ﬁqﬁ 3_5 X Kh V E”ttﬁ%@f\ EL@E%@nFﬂ]X%E LTL\ gﬁ'y@bitﬁh\
BB, BRORVEE OBEEAREKOHRTIE VIV =0 80T 30T, ZORED, 7
Z 74 RIZOoWTdH, XKL T 5,

Vi =0
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ZORIEp=mv+eADMAD div ez L > THIATE 2, FHUE—ITEZ divJ 1[ZHE3
B0, TAUTERERORELD 0 &85, HH IHZX div A AT 22, 2RI T..

25 LR 23 21213, @HEORIBRENOBMNZ 777V 4 FICEZ#HZ 272 TX
Vo RICHEBEPNCHE L R BOERZEL DERDH S, 25 TROVE, TRXTH0ICHE->TL
FODLTHS, TNOEFEPOLALA VE—X IV APHAEA YV E—X P A%RD D Z IR
%, RS RNEZBUF. V=T D8I, EREFERDT7 77V 4 ROWTNEEIDLDLDH 5,

N— TEREERIBATLGE. ZROBELN—TH I 73, ZHhICX D, SHOBRD
RETZXLDT, BHDOA v —X R (OFEEDT) ZHRHALT. D777V 4 RED
KD b, ZhHi12id Kh-® BIDSEAL L ARIT U W RV, v—TBDOENDRH 5 DT,
SR ZR OB — L., BT 2 icikb, B, V—7EREERE TR,
Kh-T AZHEMNCH - X 5,

NERT7 527V 4 F (BAUOKEETE) 2ZBUSGEAREEG. ZROBII TR n L
%, ZAUTKD., BROMEGD 7 F 7V 4 REDREZINLZDT, FHOL V=KX (D
RefiifE ) ZFIH LT, SROERIKD 55, F0lsT Kh-T RIS L TWARG U
BROEBONDT, nHOFEPFET 222122 D, RIED —RICHEL Z e TE 5, BEEA
VE—R U ARGFET I, ZOHENEL TV,

BRDERR 7 774 REEBICTZ L BAHETH 20, — RIS, BROEMNEZ L 72
b, FERITIEZRWV,

A6 BLERBOAAIZUZR

WEF TR e 2FHL TRBEEMRE DA VX R ARFHEALTA LD, 3. FiT
TEARAREE & T 5, MERIEGD 7727V 4 FOEIE ETTELVWSD (0) 35, £AT0
T L TORBILEANT—EL T2, ZOXIREMETIEIV O =00%&HELD, ¢35, L
T OFBEARNT 2 AANCDARICICEL L, v AFANIEEL LBV Z e FFETE 5,

F7z, BIRDBRY MLRT U v LB z WA e 725, 2D &, BT bl
KT oo v LEFEOMNT 2R

d2A,

Gz M

TH 5,
Fh. 7597V 4 FOBFHLOE TR X512, RORDKILT B,

M
o=— [drJ, +/drAZ
ng

ZORE x HATHMAT T L.
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M dJ, dA,
ng? dx dx

O —EMI L. A, & J DRANAT S &,

0=

M d?J,
ng? dx?

Do J, Oz HHEDOTAH, EOBEEERS, ¥y v I, TOBREKRPL, 55
#/Léo

= NOJz

xr—h/2

JZ :JO eXp(_ )\ )

J, =0

h/2
J. = — Jyesp(*

)

Tl A= M/png? TH 5%, B, ETHMEZERLTWS, D% D o — —x 10
L/\ JZ_>_JZ ZE%:Z%*U}EHLVCL\%O :hib

x—h/2

A, = — poA*Jgexp(— 3 )+ Bz + D
A, =Cz

h/2
A, =por*Jy exp(m +h/ )+ Bz —D

TITH, ETTFMEZEZERLTVWS, ST, BRENTIEVWE TS, HEREMF L LT,

xr— 00 TOA,/0x — 0, BLEU x=2h/2TA, & IA,/0x DHEHHPHLL. ThdDHXD
B. D, CZIRETBIELNTE D,

—h/2
A, =— M())\QJO eXp(—x \ / ) + ,lL())\Jo(h/Q + )\)

A, =poAJox

h/2
Az ZILL())\QJO eXp(x + /

) — uo)\Jo(h/Q + )\)

CHBORERE VT 0/02 1k, [ FOBEEKTT, XDk 5 10k 5,

0P
5 =poAJo(h/2 + X)

0P
— = h/2
82’ ,LLO/\J()( / +>\)
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2% b, ETEMFRED & 0#EZ, BEER I LT

AD = poAJo(h + 2))1

&%,
—77. MBOEEZ w & F 5L, MERIIX

II)\’LUJO
DS A VRIEVAL=AD/T X
h +2n\)l
L g (200
w

b, OF b, EEOMBKEX v v 7 h D, WHOBEEMRICHEAN N\ TORAZALR
MLz, FUMIZKR->TW5,
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HARICcDWT

19 HACR, H#D CGS B Rz EICERIK D CGS BfiR (CGS units) IZDOWTH 4
DIRED R INTz, LIL, THOTEDLNHMIFEHDREE KELBRD, 2261
REVELIINEVEHRRDIUEVD S0 572, 22T CGS HIRDFERIC 10 DFFE L H
J7-RABNAL (practical unit) PRRBINS K51k o7z, BFE, MKSA B R THEONT
WBHMAMDZIZZOFERBALLEKTWVWS, ThE 1902 4, BEIZ CGS BAiHK &
FIEIHE T 72 MKS iR e LTI 7z00 MKSA BiiR (MKSA units) T
%o AMIBIROBATH 20, ZRDBEARDHAFNCA o 7B EIC O W TIXRICEM % B~
%o ZAD 1950 FEHICHEFE®E Y L CRED O, X 51T 1960 &, fOEMOIEREEAL D &
7 CEBAZEREMR (International Standard units, SI units) 25| f»nhrz, AET
13 Z D MKSA BACRZRHRICE PN TV S

B, ZhDHNOBNRERNHT 2 Z LA AD B Ko TEDDOH 503, HOHEN R
WHENRDIMERSDDD, FRBENERDD-> T, LFRAXPITZ2Z DA, i
VIR LD TIIVEZIC CGS B[R (CGS units) D—2THEHVABEMAR (Gauss
units) PAEHY A FO—L WEAIR (Heaviside-Lorentz units) (A%, LIZLIEAES A
REfIFR (Heaviside units) £ME3) BLIXLITREZIT SN 5,

B RDZ L OFIX, Frx0BMROERINBHOIAICEEREN S, 2D RVWHGIET
HBHH, AHETE—HLTH - TEL ST BEARDIIGD & Mo BAL R Z I3 2 37855 Tatab
L7z,

B.1 BB 3 —MRHNFE

BRFZDOBENMN KL, MOYWHOBEM RN, EEICHEITH 5, 2, FHirOHA
RO OBMBE OFRLIINC, HAFTERXOEZD DI EMMINTLES 2, ZDikim
HbNETHEZNOTHD, RETIEIZOME ZHBICHR ST 2 HiEEIRRT 5, 72720, HAI
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WHBED WAL, FARELTDH 5o THEDLR W,
BREFOFEORNC, —DEERBMRICET 2 E2E T L5, HECH2UEDZIT 3
Iz

F =mg (B.1)

ThHzoN%, EHNEE g3 9.8m/s? TH2h 5, BE kg OVIKRIZ 9.8N DHEZIT 3
ZriZi b,

T, EHMWRZEME LT keW (kg #H) W ORFHIATVS, 1kgW i 1kg D
HEPIZILZ2ENERILREZDONTHS, 22T, TOHMZMES &, RADBKILT 5,

F=m (B.2)

ZDE5, hoBM»Ebs e, Fbh2BFEADERLZDTH S,
¥3XX(B.1) T, F, m, g QR3EFMEZTITRIBMADBEFATWE L LD, T2, HE
10kg Dt %, R (B.1) B3RO L 512EF 3,

98 N = 10kg x 9.8 N /kg

AY1E MKS BT R DT, BEHNMHEEDHMIE m/s2 THAHD, I TEZIORZFICH
U Tk L72WoT, AT /HE) OBMERHLZ,
keW OEEITIEIRD L5 IZEBEZ NI I W e BETE LS,

10kgW = 10kg x 1kgW /kg

K (B2) D5 CESNEDE, g OBIEALEFE | ol bThHB, 2 (B.2) IXEIHI
RUTIIRALT 558, HASH L CEMEO D 2 XTH 5, ZD KT, BEH LTI
S50, HANED S 2R WIERIZBESRTEL (value equation) EFHIN 2, HEHAY
WHRAT2E 1kgW=1kg o> TLZE S,

ZAusrl, (B EFHEMETEDTHIRILT S, ZDXIIZ, BNFTEDTEL LT
o7 2N EEAER (quantity equation) W5, Fi=, (B 2, ZOEBOKMEE, [E %
HAER oy L ik 2 0T, E={E} [H P T 5, BUEPLHMIEMRICL>TEDSDT,
WEITIG T, mks{E}, mksfE] DL DI, BARZHTY 7 4 v 7 RABRETRRLE S, HIZIF
g =9.8m/s2 DIE, ks {91=9.8, mxslgl=m/s2 722, £ nksfg} = 9/mrs[g] = g/(m/s%)
YR, BlE, B2 6ARKPEEICET S,

BnB, BRGNS, ZOBIEHD T CTHHEXDMLT 2L, BAHMIZITTY
FXDHILT 2, TOEMHLT, BAORITCEENTH e TE S, $, BHEXZH
M3 2y, BAMOEEZ IIMEIITS 28 TE %, flIZIXZoflTiE, WFedbFELE
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BT 2 H7%0T, FIZHLTEEBIZ 10kgW=98N, 2% b 1kgW=9.8N 218513,
¥ Z0MA% kg THIZ &, ¢ 1ZBT 2EER 1kgW/kg=9.8N/kg b5 505,

[ Ul % FAWT CGS IR Dt E L TA LS, HIDREIOZ L THEH, 1kg=1000g
THb Iy, ENIHEED 980cm/s?=980dyn/g TH 3 Z L ZHIS RV EBBEIZTER W,
¥7z, WUYHIREZ LR L Rnw e B O#BEIITETH S, 22T, 10kg DF D 10000 ¢
2571 (BA)ICKDEIELTAS, floZ e L, HlEe B2 FRFRICEE TS %,

9.8-10%dyn = 10* g x 980 dyn/g

b, ZhEbD, 1kgW =9.8-10°dyn TH 2 Z L 3Ehn 3,

ZHhoDBIr 5T 512, £3MEALDHRMRTHELNZBEFERXEHE—caE s 2 &51E
REEHRT 2, ZOB, 3T, BMRICE-TE1THAE20, Rk, H230IEFR
WHENBRWZ b HZDT, FEPRETHS, 25352 kickb, BFRAEEHES L UOH
fbaoiahift s, £/, —2OOHMRZFICER T, BAOMFREZRD 312
X, BUEZIHR L TXWv, OF D RITEAIEER Z & ST E XS5, FRHEMREOHE
2ITO12X, MUYHEBRE R 28R TiddT 52 ick D, AlREE 15,

BSKRFTD, I TN XS REENEKT, BAZEMEICLTWS, HlZIE, i
zhzhZzARECHEDLRATVWEHE, MOETREALTLIFRLCE LIRS TH S, Hi
Z1E, MKSA BN R TIEAHDORC 47 HA, <27 27 2 VFRREEAZ WD, Hw 2
HAURTWEHTH S, 2oZehs, WTFhoFOADKX (B.2) k5 LEKT, BiELEX
PolzZ e PEMTELS, FTVINOHMRTHIHAVEZ D TE 28 HFEAEEHT 2
CEPRETHD %, THHELTIILWV,

B2 BHRIZFICHEITZHNDEREN

BHAFECBVTY, BAURZRET DIV O0D0EARSERXNTH 25, EBRSDOH
MNREFENS I 2 Z200F -V -5 %, D3 EHE»IEEH VWS HETH 5, il
WXEHEERBE LN TI 2D AVE = p/eg EWVWIBICKR 2% 5IXEE (rational) |,
div E = 4mp/eo 7% HIFIFEE (rrational) W5,

b D —DIINFDIERFFE WO HEETH %, HlZIXrot E = —(1/¢)0B/0t 12 51X, FEiAD
ey & AU DR DRRICEGEE WO HEDRITTHBA > TWB 728, E ¥ BIEFEL
RITIZIZ B, ZOIRAEZ MR (symmetrical) , rot E = —0B/0t 72 51X, WHEITHEE DX
TEDZEDEL 213372 DO TIEXNFR (asymmetrical) W5,

%73, CGS BiRD LIS N BREHAR, FFERNR, VU RARARIIOVWT, ZTh
5 DHENTEICRHEIR T e FDO B 2N T 5, BRACINOEIRTIFEHTD 5,
F IR DT T ZRBALRIZ T TH B,
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F3EMEOI—AOYDER (Coulomb law) MR XNz, ZORE, —&8M ¢, QI
@< ORI RD LS 1L% %,

14¢Qr
gg T3
r/r3 2 L7120 q KB DS, Q25 qIZIAISNZ MLOFRAZEFAINTWS Z L ERT280
Thh, WX LTiE1/r? c:ttfﬁﬂa‘%so ZORXED, FROHEMEMEZ lem BELEL &, Z
DEDINE 1/{eo} 1272223, HZZ ORI OBMNEMEZERT 2N TE S, REBHFE
HNRE H 7 ZBMHRTIE, {eo)=1 £ LTW3,

CZTCEGEOMEEHIALTBI S5, BHLITEMN Q NPZDRIIELMARAD LS 12
DTH b, qlIZDFEFICAD L NEEL 2 L HERT 5,

F =

(B.3)

1
F=qE E:—Q;
Eo T

(Q k3 E)
B g ZEL , TOAE 2K, hERI22EIZ2DTHE, BROZhdrns, Z
NoORS S E #HET 2 L (B.3) 1IC—8T 5,

AT ERAERO N e LTHRRE N, 20 OBSSRE SRR 5 3 725 & BIfR S
N, RERIENC 2 — 1 > ORI L [ CHERIAMI - AR S e, o TR RIS, &

it WA DN D IDE 2 ehbhro iz,

1 gmQmr

F = R (B.4)
gm (IAT) X 7
AZURE o3

(B.A4) &b, FROHEMNHEMZ lem BELEL &, ZOMDINE 1/{po} T35, HIZZ DO
FOOHNBEMEERT LN TE S, REHBERMNRE Y RBMARTIE, {u)=1&L
TWb, %72 (B.5) Off#iZ 1 k3,
CNBEGEWHIVHTRIT 2 2E X 5, MMOKL 28552 H GREE Iz
GEE Y IER) 35k, (B4) BXU (B.5) X B LXOERBFOES H E LN 5,

F=qg.H _H—lQﬁ (Qm DE% H)
Mo T
F=g,H 1I:Qé%1i (IAT OfE% H) (B.6)

WRiDIES B & ug H THZ6N2DT, (B5) D g — Qm, IAT — iAr ¥ EEHZ 2
& T, ERBR DKL 215 B (BIIHREE 2 WIHFR) KD Z e N TE S,

QmT

= (iAr") x B B = 3

(Qm DE2 B) (B.7)
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LUF OB HERTE & 5,
B = Mo H

SLIBEBRBEFOESZ HIX (B6) 156N TWEDT, ThhSEBERRFDIES B 23K
», (B.7) o&EMEF L BOMFBRERATS L, BRBAHEONERDZ ZLHTE S,

(IAr) xr

SA T
F = (iAr') x B B = 3

(IAr OfE% B)

FZTLA DAY RBARTIE, Bt UTEREROR T = —0Q/0t ZHis I =1/c%
HoTWwd, ZOHE, (B.5) DNORUIKRD LS 1/c DIFEMBA->TL %, ILHICEIRE
FREDINCIE po/c® DIREDT L o

L gm (IA”r) x 7
c r3

F =

EENH T ZABNMNRIZBOWTIOD T 2#HOTIC T = I /c #BRIIMH > 7AW TR
AED BAHICTHET 2, BRAI, T2 I D DODEBBFEMETZDIX, HYAHENR
DESBHNMBRICBNTDATH S, FOMOEERNFR, BRIHEMFR, MKSA HAHRTIE
v [IFsmERII—HLTW3,

T MKSA BV RICBI 2 e HBoHFEAEEBVEZ LTRLV, CGS OFFHRMR Y
EL AL THZD, TXNTORDEII 1/4n BBIMENTWVWS, Fix CGS DFEHN R
DHOFERDP L7 A 2 VABRRZEHT 2, RIORT L ICEMBEL X CERE
FEDIEIZ 4 DA - 7725, MKSA B ROHIEDERICIE, O 4r 57 A0 =)L)
BERICHE LBV S I8 TbIz, 2D, SRTOHORDEBFH T ITHOLL LD
1/4n T AN TELDTH %, ZOEXZHE (rational) L MR, 723, MKSA B[R T
b B = uoH DEfRIZ CGS DFEHMHR EE S,

BHEZITS &, WRINCHEAER, #e, BREONPEMEMNROD DI, 1/47 15
77> TLED, G2 AUNERBEICL THMNOBERET S L, VAT fEICR->TLES
EPEWEXTH IV, INEBITBDIT, uo il dr %, g 12 1/4n 2R NAZE, RIER
PcEE L XN 2D, BIEMERTEFRICICR S XS5 IKTR L,

T TRE LTS, CGS HifiiRk% MKS HARICEE U720, HBAER, WA, B
W21 10 DEROHBEDIH->TLE S, 2T, MKSA B RDOERNIIERZ X 50 MKS
BN R TH5EBEMR (practical unit) TIEX HITHKEH R 10 DEFELZEML T, EHEMNE
PERNBEL 22 X I E2ITo 72, B, BABEMAEBEMON FRIBEICIL RS LS
WS TN, ZORER, 107 2NBIMTEAINZDTH %,

CNFETITHIR L% eg, po PEHRMNRTED IS ITERSINTWVADLZRIZT 5,
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£ B.1 HoHERORE CBRIEIXHA O @ Ro ez, RE)

HOXOEE | CGS FEHMFR  MKSA HR | JTHEHMR
— AT 1/e0 (1/4m)/eo | (M/4m)/eo
ki * 1/ po (1/4m)/po | (A/4m)/po

fg A —FR LT 1 1/4m (N\/4m)
et 110 (1/47)po (A/47) po

EROME | EREMNER EEHEMNER HVRHEAMAFR MKSA Bii&R
{10} 1 1/{e)? 1 /107
{e0) 1/{c)? 1 1 107 /4m {c}2,

BRAIZ {c}e, {c}m FFNZR, CCS HfIHR, MKS BIRICHBIT 2 ROBIETH 5, H
7 ZABARUNT, 282D X S BICHEOIE LM BUE & B R BRI B £ B D0 IE K
HITHHD»ICR %, BRDTEDI S5 & 512, MKSA B RIFEBBHEA RIEV, FHUTHR
tD 47 DFFIEL 10 DEFMIEZ L TWEZITTH %,

X T CGS DiEHfIFR e MKSA B RN DHE X TIFOAR LD - 7203, ROEHIET
Bid, 2%, HIEFEKXTEIRVDOTH S, Z2Z THHEMROMEZITERES, MED
EWIROEICHONREGE DB L TRV e BT TH S, 2 THICEHDONREE
PERBLICEFLDZDT, HEELTALS, BB, HEZKMAE WS DDIETTF, FTFLAX
NDOERICE > THESLNTWE EEZ 5728, WD ZTIEEERM L,

CDFERERT, BHEEEY > TW3 MKSA BALRD G 2RI, Zhe CGS FHMR
CEEDLREITO ZICT %, MKSA HiRIZH % 4r &, CGS AR T HIHT DI,
N2 EREEANT 5, HHZ MKSA iR TIE A\=1 TH2D%, IEEHORTIE N = 4r
35D THB, ZOBEKT, N\ IAERXNOFH/IFEHEZYIDEZ 2 EB O THERILEH
(rationalizing constant) ¥ FEATEI 5,

METEETH D, MKSA B RO e HoHFEXE T, HOBRKD A% ZDRD JTHER
MROMD D DITHEZHZ 27217 T kv, BAERNRAIRAT 255, CGSFEHAFR L MKSA
HAURZHME LT THLICHELL T, SEREBINTELLETORMREZIN—TE S
72, BHRERXTHI2LIE X5,

Lo AR TIUE, ZOHIDFEIEEFKODITH S, 5 —D0BIMLIZWVEELD
%o 1957 FICHKF D YV EAYI O N THEERFT LS, KERERS—rv=2r>av 2207,
VEIZHREIT AR, BREE ORESZIE L, MHOBB IO REIRIENRE N, 20—
BOEMKEDEZHOEHETH S, TNET, BRNOFEREHEA L BIROMNGICHZ L L
TELORD, I700PHICETIULBAD, BMANETRXTERICES 2V H—LX S
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Nize ZORER, WMEVIBERIIE -2 HAKYE, H IZWEDIEDOLRWED B TIZ
WEHE LB R TLES7DTH S, B, KETRIT 7 Av 2 VHEROEHTIX, &
TDIEZEHORNE BRDIEZWMGOR L oHELRNDTH 5,

FHOFAERMUE 1965 FRIZETH - 72208, YRFEMKF OB ETEHTDH - 2 [LHEF
BIRDHEIHADOIES H 2RICGEREZ SN TW00, BEIEFEROIES B 2Hicahk
DDHIRNTH 5720 o BRBEDIH HIFKETH > 72D

rWH T, heHosEXE RS,

(HLIBDEHRER)
_ _ A Qr
F=qE BE= (@ off3 E) (BS)
F = (iAr') x B B:ZfUAQXT (IAr O3 B) (B.9)
(EbBVESER)
- A Qnr
F=qg,H = (Qm O3 H)
F=g,H Henﬁgé%if (IAT D% H)
41 T
SA T A QT
F = (iAr") x B =8 (Qm D1E3 B)

RRMEICZN DD, BANBRERET 5 &5 REBRIZGE I A « S AN—ILDIERIT
2L, TNOBEDTORERTH 37 >R—=ILA (Ampere force) DXEHWE, ZhiX, +7
WEWEHTICELN: FRICERBTHRA TV & 2 I2E L, BMNEYED o5 hoR Rz
NN

ANil A
=202 B F7EL |B| =212~ (B.10)

47 r A r

ZDT R=)LAH (Ampere force) DIRDFD Ar BSA > TWRWEDH T H TV HHIN
W0, TR L, R P EIERL TUE LY, ERE, MKSA BALRTIX 2019 £ F Tk
ZOREMoT, BAER A PIREIN, 200 MKSA RO OER Y ST
DTH%, 2% D, 2AKD 1m BN FTRRICEROEBEREZTRL, ZORIZEH K HHHEAEY
D {puoN/An} 1Tk o IR DB Z AL IR ED DD TH %, MKSA HARTIZZ DA
1/10'N TH 3, %8, 2019 FD SI BT RDWETIC & H B RO BANLILE T O B2 FL
W25 ZEMREINT-DT, BHEZOVDIE MKSC BRI 7225 2 500 dHIIz 0,
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B3 YAV TIAERDERENX

heGoRAFREADLS, ZhbeFELRVYZZY 2V HFEADEAER (quantity
eOluatiom) ZRLTEIY, EWVWoTd, RENIFHEH LI TN TOHEEIBENRDHER &
EEERLARV, NZEATLZILICED, 2RV VOBEHBEADNELLLoTWVWS Z
r %EEE TE2DODRERMETDH S, v 7 AV 2 VSRR E & B OGP EEN5ENX
THYH, POWHOBERIE > TWiRn, 2ok, HoEAENXT, (B.8) & (B.9) Zn
TR oTWVWD, Ledo T, MKSA BAIRDFDRT po — po, €0 — o/ ITHE X
2Bl BonoBABRREREARCLTVWEDT, v7 2V 2 LAERD ZDES
22T ARELIEON S,
7L, ZOBEHAIE—OBENLBHEND S, 22D eHOEFTERITIZRRMY
TDAoTHEIA > TRV, Z2ZTIT 753 T7—DER (Faraday law) 2&Xb73 (B.12), B
FUOZEMER (displacement current) OEEZE 52 % (B.13) MR DKM IC v W0
FLWEBOUEZEM L, hk cicdhud, Bt E ORI ZEES, DF DHFMIT
X5DTH 5,

div E :ip (B.11)
€0
10B
rot B = — 19B (B.12)
v Ot
div B =0
HOEQ OF

rot B =pgA J + (B.13)

ot

ZZETRZE, N\ODEKRDPEDIFZ-oZDRZITL %, CGS ZHARTIE N =4r TH -
2o 29T BEHANIIYIZ AT 2 VDRD p, J DEINZ 47 DBIAB XDk %, —F, MKSA
HAIRTIE A=1THZDT, p, J DRI 41 ZASZV, TDd MKSA iRk %2H
¥ (rational) &MX, CGS =HfURIIIFHIE (irrational) EFERDTH 5,

b5 —ODHTCBAINTZEB A IFIEZLALDHMART I TH L7720, RBITDIHN

B3, BRI 1/y Z AR, THDBHEMARTIX ciTRD LH1CT 5, ZHuckh, Gi4oD
REREI D S ZEEM D E AUt D, B E QBB —HT 2 X522, y=cTH?
BN R ZMFF (symmetrical) TH 3 & FWV, v IIWRTMEER (symmetrizing constant) & -
BN TWD, SN LB ROFTIEA Y ABMARIZ TIPTS5,

T, (B12) 2 J=0& L7z (B.13) 2@ 35, B, »LLIEERZFToEADE
55,
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1 2
<V2—C—2%> B (or E)=0

Ihold, B3LLIZE DEEGERICKR>TWS, CORINTHEZZenbhroTH
D, XRA»ESN5,

c=—1 (B.14)
v/ Ho€o

Zhkb, (B.13) KHbNT poso/y = v/ 1%, SHHEMAFRTIE 1/c 2, RO B E
DHEMBELL TEZ IR EKT 2,

IERFEAMRT D D & {poco} 23 1/{c}? &b, MHEAMRTH 2 DI {1/4%}
1/{c}? &7 {poeo}=1 £ TEZ2DTH %, Hili TH v ARNFREER IR R T
{o}, {eo} DVFTNDIZ 1/{c}2 DBONIzDIFZDEVTH %,

(B.13) o divEr s, FZ0KKEEDT, XAELI5,

1 E
divJ+%0;diV%—t =0

ZOROETIHD divE % (B.11) TEZ#Z 5, EbRKHEBTORBELT1/y DA-
7-EFREHDER] (current continuity law) OEABERIE LN S,

10p
di —— =
1VJ+'y(9t 0

I ZREET T 5 &, BIUEHROEROBEDEN GO 5,
10Q _
v ot
LRAL, HYRBMNRTIEAEON TV =1/c 3TV ABNRTy=cTHDIL%
EET 5 e XAEMW T,

I+ 0 (B.15)

e 9Q _
[+ 52=0

ZORIBIENHHEMN R TOBHRERORICR > TVWBDT, HYRAEMNKZTOERKIC T #ff
IDEFBNPLVEWVWSIDNEEDERTH 2, BRAIZLIFEMILSHEEIN TV 0DIX
BEREBRTHE1-D e ZEIZOTT. IENHERLEDEZ 5,
XHIETF Iy LEEORIIXD LS 12k 5,
10A

E=—grad¢p — ——
grad ¢ S ot

B =10t A
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YEL Y, pmoco/v: =1/, moco/y =7/ EFIALT, XpFoh s,

628t2 €0
1 02

<V2—Cz 8t2) A=— o\
pogo O

divA+4+ —— =0

i + N ot

ZOR—L Y REHFICHEDND poeo/y EIENFFRTIE 1/c?, MIETIE 1/c TH %,

zZtaO—L>v# (Lorentz force) ZFFELTEI 5, u—LrY HeIZEHLTWLE
HICE S I TH 2, HEILTWD LR ERDTRATWS Z L2250 T, EHLIMNIH
GiOREBZIT B I ik b, B g H Ar' NS Ar' ORI T —RRIHED o Tnd & L
15, BHOEESR v LT 5Y, ZOHFE Ar HIATH %, (B.15) TRAK X 512, i 12H#
MRS DI Ar' Y ERT 2WHZEB T 2EMED 1/ G THZDT, i = (¢/Ar) xv/y
THb, 2FEDiAr =gxv/y iz,

B—L YV N qR»2EE EDHY iAr ONTH 2720, fEEXATEZoh3 L
L% b,

1
F:q<E+—v><B)
v

FINDLEHINEIRA VT4 Y IRTZ ML S BIUOZRAFXF—EE I TICk 512
A

S :—1 E x B
poA
50 2 1 2 1
=|—=F —B° | — B.16
! (2 " 240 ) A (B.16)

o, EHET AL X —EE v, OBRAREEZ D OBINE e XA THRON T o5,

—

1 Ouy, 10u
27k divs — - 22
v Ot vS ~v Ot
R WIBICBIES 5 &,
divs 4+ L2ttu)
v ot

b U IE S B RRIRS LERRERTA LS (dS BHMAEERRL, SERA YT 4>
IR MILVTH DI EITHER),
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10

FEARAEADZ I LF— (Zhe U L&) OETHD, GUHOASZEIH LD DI,
ZNEEOHZE#ES 2 T AL F - DI oTWd, LidoT P =¢dS-SI3ENT
HDHIEPHBETEL,

BB, BRICBID I =~ REREET =7 DXL, S=1SEHVLr—234
BBV, TOHE, P=~yP i, °P=4§dS-S tixd, £/, (B.16) BLU (B.17)
BRAD X 512k 5,

fz/dewmoz—fQst
ot Jv s

B4 WHMRICHITRAERDER

Z DHEINEA Y ABALRTHEAAD o] 2D =)y =°I/c 2o 7D DHEHZH
HE 2, Lo T, I DEMICEEMZET LD o NE@mAREL T XU,

AU RABAMRIIFER > TE R CGS ZHAL R MKSA HALROFTIlEME— DX
(symmetrical) RTH %, & ZAPNMMDOEKRITS LIFDOTEARITIIEE L v, MFROHE
RUE7 7RV 2V FRERICDARDN S, ZZTHMRRDOY I AT 2 VX EZRZ 5,

A
divE =_p= Lo p (B.18)

0

10B
tE=———— B.19
o c Ot ( )
div B =0 (B.20)
10FE

t B =po\J + —— B.21
o HoAJ c Ot ( )

INHDORTHE VWS DIF, (B.19) BLU (B.21) ORFEMAIEIZ 1/c Z ATLD Z ¥ TH
%o MR TIE poco=1 7% 279, ZhomXt B & E OHMAIELY, DD [B|=[E]
Y TES, 57 [J]=[p TdH 2. ZADBHMOARKDOEKRTHSZ, E5I1C%7, B JOD
Bf%, E ¥ p OBGESFELC XS BIBICRoTWE I HEETH 2, 1B, (B.20) IR
ERe Az R R TE 2550 TH %, BRI, RICHMET LVZERALTHIEME
BEME N OIE L CTHRET 2729, ZOATIZ0ICHRE 2 WIVEER-> TV,
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(B.21) @ div 2 ¥ 3 Z & T, BiEmOERIDE»N S, TOXBEHFEEETH 5,

10p

divd + —-—— =0
v +cat
10Q

I v

+c@t 0

ZORDRFEMATEIC 1/c BA-TED, MHRO—EIHEE 2 L T\,
(B.18), (B.20), (B.21) Ol IIEZ% L LXK 5RO DOERIDGEHETE 5,

A Qr peAQ@Qr
dweg ™ 4w 3
_ poA AT X7

T Ax o3

E

zheix, (BR), (B.9) t—&F 3,
INSDADLSWIRRTIEIRD XS RHBEEDRITNFE LRI NHEETE LS,

po = 1/eg (AL BIEDFEL W)

[r] = [ct]
[B] = [E]
[J] = [p]
[A7] = [Q)]
[S] = [u]

ZIT, FEEDPBREAVRABMARICBVTILADERDERTH % I 2Fb3, [=°/y =
°l/c Z2flio 7= DHHZRDTUTIZEET 2,

o XM RTIIRREIMNITIE 1/ e BABZRETHD, BEiEHEONI T = —(1/c)0Q/0t
ERBNZRDIZ, TIFZNZ L TVRY,

o MEMBAD IAT /c ITIaoTLE S, BARMICEHALES H 1TSS % B(=
poH) 23 (B.7) ICREENT WSS, ZheEBRB-HMAHO N BT 22D
EDE R D, BE, MBEMCE X, M ICE X, BAERPEMBAZHV 201,
MBRBHZTEMRERRFO 1/cE0b0RFEAT 20 —EHEERL L, HRX
RN S, ZOMERZFICEAT 2REICOWTIE, B = (uo/c)H EFETI
fAES %, L2L, #2935~ R0z )VHBERTE & BBIENMCHE->TLESD
DT, RARFBERIRIZIZR S0,

D&, IERMMERETEST T I3Hb b THrEAERRIT, 22 TIOEDELRTIUL,
MRMEZHEFFTE 2 T 2o TITW, BINEBROERR Y, T I 25ABRER Y 2 A1
MLUTHERLRICTRT I T 5,
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B5 BURDESELEH

(A}, {mo}, {20}, {7} D4 ODEROEIEE ED 5 & BHADHMRIZZRIHEINS,

L\iif?%%éﬂf%7’:%7’&%@%&:010{, D DBUED E S 7% o T\ % 00 7% FEHIVAEHE

Ho THEICHENML XD, 2B, FRMROBMOERIFEIN TR L DIFRET TR % H
U%kﬁﬁb\%’)%lﬁ ETH D, REZHORISEIILTUILW,

B DOHNRDOITTHIEAT R (Gauss) TH2 L F5HON TS, ZIUIHEHIFHIO IR
PUEL2STH S (1832 4F), HH ZH DMK % LIRS 2 121X & 2 O HENKRE T H
%, ZTNEFEOWHBIIELE S IDHA) (CGS TF 2 1dyn *!) &2 BoMfAE Y
L7z INZEHSBEAR (magnetic units) & PR, F72, BEROIEEHNLHEZMZLE

DBEMEBEE ITNZ L FRL TV,

PITFwcbR 2 CGS IR DZ 11X, B 2ADHBREIEDHFERIEE TH 727 = — N —
WZEoTEes 7,

BHIENAIZR (electromagnetic units) (ab: UTNHMHAICOT 2HE5HEE)  H v R OB KL
% (magnetic units) 1IZMZ, Jx—/\— (Weber) 131 & BIROMEAEH 2 & A1 E
Mg (1840 ), ZORIZFLHABEMR (magnetic units) ATV, &
WCEE BIROBGRDEEIAL, Zhd o MofE 4 ORISR OE D RN % E o BREEA
% (electromagnetic units) & L7z (1856 ), 2% D, {A} =4, {7} =1, {po} =1
& LT, B, BAEIREZIRE L, 20k o EREROR D 6 B ERZIVE L.
TN ZEARIC, MOBMBIESNS, WHEHO DRI 1 DADHREBIIA & 7%
W, CGS, JEEHE, IERIREMRTDH %, CGS-emu & dIFINI, DIBEOFEHENMR
DEARE 2572,

BREH (electric constant) & {eo} = 1/{c}? %3, ¥/, ZOBREHEMH-T
B EMEIRET b 72720, {c}. &, L% CGS B R TOINHEETH 31010 25
K3sZred 5,

BREHR (electrostatic units) (stat) T xT—/N— (Weber) ZHA 1% KIZLE S B
XD ERZED, HEENMNR, H20IE CGS-esu ZED (1846 ), CGS, IE
B, ERMRHENRTDH S, BRHEMREFFEIREZD DAL VD, £ 2 ERHE
DHDORIZIZ 1 DADREUIA L2V, 2% D, (A} =4r, {4} =1, {ge} =1, L
T, B ERZIVEL, Zhd o EiERDOND S BAERZRE L,

BB, Vr—N—13Z0%, FFERMRDOELEMAER (KETIE T 0L &

L ohw 20354, HEROHNME LT mm, mg, s 2V, Z0O% cm, g, s ZAWVS &5 IKHKETEN720
CGS BfiiR ¥ L7
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BEEALCR D SIS BAER (RETIE T OHAD) ORI, HEDHNDH 2 2 & DK
%, O—J)L579>a (Kohlrausch) & H[FTZDEER KD, HHITFWZ L 26 L 7=
(1856 4F), RIC7 7 77 — DD BRI (1846 4F) ZEAMNT R LRI AT )
(Maxwell) DOFEMSE (1861 ) DIFL L 725 7z,

BSRES (magnetic constant) & {po} = 1/{c}? ¥ k3%, T/, ZOWKEREMH -
THNAEAT L HEA B ZIRE T %,

Ao ZEMFR (Gauss units) (gs)  ANILLKRILY (Helmholtz) ALY (Hertz) 235 %R
HICITERREAR, EXREREIHFERMNREZH VLAY REMR (Gauss units) %
HilE L7z (1850 4F), HBARDZ & b3 s, BHEHNAIR, FREHRNR L OBETEIIHERN
v, CGS, EBIE, XMFRHEMRTHD, H2ERT MKSA BAROXMFEIZH S &
o Thb LV, TR, (A} =4m, {0} = {uo} =1 &ffiBLCHZ 223, HHORXD S
{7} ={c}:. T3,

BRI Z 0T, MHOMATEZHEINL,

AEHYA RO—-L>YVEfI%R (Heaviside-Lorentz units) (hl]) AEH A K (Heaviside) 73
RIE L7z CGS, B, MNMLHBEMNRTH 5, MR, AFHFTIE, BIIAEY A FEAR
(Heaviside units) W3, {A\} =1, {7} = {c}e, {0} = {po} = 1 OEIIY IR LI R
TH 5,

72721, T2 THNLIRRIRMDOBAZRTIE {uo)\} BEU {eo/A} ITIEAT 47 53
A2 TR0 L, ZOHMARTIE {uA} ={Neo} =150, oHfRE
DEEDOBE VAT D372 EARNB ZichkD, ZORBRIBEHINL» o7, fAlE >
BB OVTIERAD TR OME ) OfizZE I L TIRL W,
U LEERANICIZE L <, FRCHENMEEER R E T2 STV 5,

MKSA 8% (MKSA units) (B&L) TIEMNFEETZ1OoN, ZRETOERTH- 7
CGS Hifimn 6, ERANLZHROY AL ZIH 72k D KERETH S m, kg, s ZHAL
ZHAL T2 MKS B (MKS units) NOBITHEZ o7, ZHUTEDYE, BEX
DHNROIFHE S MKS HARANLEE T R0, PFILY (Giorgd) KXo TRIN,
MKSA Bfii% (MKSA units) & L TEES Nz, MKS, BIE, IERILHEARTD
%, o T{N =1, {7} =1TIEH 20, EROHEN R OBENEEZEREL, 4
ZEKER {eo} PRKUER {o} ICED B XS LTz EBHNE VD EHMRUER 1o
DIEZ EHIC U B RISGEWD D L2728, BHEMNRD» > TE#mED
HMNEE DBEHORINS, ik, 2P20LHED F, EEFMEEEMR (International
Standard units, ST units) & U TEHHINZITWzo 72,

BB, TOROHEMEIZ, CGS EMHAMRD 10 DREFE L-RAEAMR (practical
unit) OEEGIEHNTVWE, BMAET L EMOBTRE (10%abV) 722 X511
EDHNTWVWS,
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F B.2 BENMNZROFH L EROME
({c}e, {c}m & CGS, MKS HARTORFETH 3-10'°, 3-10%)

HAI R X414 i Gauss Heaviside MKSA HAA7
PEUHRE ab stat gs hl

CGS/MKS CGS CGS CGS CGS MKS

{\} GFEHL: 4m) 47 47 4 1 1 I

{v} O:#: {c}) 1 1 {c}e {che 1 C/As
F%SUE R { o } 1 1/{c}? 1 1 47 /107 Wb/ Il _A m
BXUER {e0} 1/{c}? 1 1 1 107 /47{c}?, | II1.C/.V.m
{poA} 4 47 /{c}? 4m 1 47 /107 “Wb/_A _m
{eo/A} 1/4r{c}? 1/4n 1/4m 1 107 /47 {c}?, C/V.m

MKSP BEfii% (MKSP units) (B8) HAOYWHZEENHLICK > TIRESNZ, MKS,
BE, ®WMREMRTHD, "I A4 FHREARD MKSHRTH 2, {\} =1, {7} =
{c}m, {0} = {po} = 1 DHBNZEARTH 503, ¥4 FEAR L FKIC Vir
Wi EARNDTD, BRPBPERLZWD, ZITORMIED S,

FRoBE,S, ERBMRENET L, RB2DX5IK%, BB, uh, g/ OfA
LHRLT 5. Fe, THSHEBDOHMITOWTIIKHEILIL THIAT 2,

B.6 BURICHITZELUDAM

B LDBEMNREIFLLRYZ I THLEEEFEL TS, D550 —D2TdH 25 MKSA
HMRTH, BRI DOHEMD A (Ampere), R & DHAL Wb (Weber), & Q OHAL C
(Coulomb), FEIE ¢ DHNMLV (Volt) D 4 DR FHAKRHARE L, ZOHEPLHETH SMHALTH
NRBFET 2. TRV OPORNROBZ2ERT 2 L ELIZLOHRMNIFET 22 L1
2%, FWITLT, B2 UTCHEE OERFIEE X T\ 3 BNTRIGEEE A 72 {, MKSA H
MR TEA Y ZRBARSHWTH D, e BEN Bi (Biot), B Mx (Maxwell), FEf Fr
(Franklin), T stV (static V) R EDAFEHVTWS, BHRHEN R CGS-emu Tldh -
TIRTOHAME emu ¥ W5 E—ZFE M- T\, JERICRILT 279, HHIEIZ MKSA
BN RDAFRDHEIIZ ab (absolute DH%) Z{FIFTW\W3, FRICEERN R CGS-esu ld esu &
WS B—FRE o 7223, BAEIZHEIIC stat (electro-static DHE) ZFIFTW5E, R DH
i, PIZIEANEY A REARICOWTIE, BHTDH 5,

D, ELDTHEEVWHAFEELRLTVDT, AETIE, TXRTOHENMNRDHENMAITE X
AT 2223 %, MKSA B RDOEN DOFHCHEMRICEG Y 7 4 7 22T, #HlZ13.C
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RELHE L, AEBOHHEIZEAMIC MKSA B RICHINTWS 7280, ZOFHERNTDH
59,

BERGHNLRICIE ab, EEHARICIE stat, BV RBMARICIE gs, "LV A4 Fr—L Y VH
fIRICIE hl 72 2 FHEEZRIE T %2, MKSA BRI BT RV, FAEREOBA RO HAL
EROLITICE T ZRIET 222k Lz, BIZIEEREZRDT MKSA B RO C TR L, fil
DHATR T, abC, statC, 4C, hlC, CR e 32 (CNSDEEIF—HBAERD), LD
T ZHEN R TORBIBRBEMNZICOVTIE, THORTHELTIIL LT D,

A DDEE N, v, o, o t&, ZERFOHTRLIEENMRE g DESBHDT, B
RICEODBBEIRIZEZNEBL LTIELLBVWERTH D) ZICEHLTIZLL, EHEIEFW
Z, BRI X > THENIZEZBTHZDT, Zhoi3wins FE) iz M8 28575
LRETH D,

FITEELRBNTH DD, 2L OFBTZOHEMIIEIITLE LTWS, LiL, EIILED
HEWHS T, FNRICIDBEDOEZEMTH 2, T LEGEMS2DOHEMZIT TV
W, BROPEZBEADORILIZ T 2 ATITES L WHHEI, FLRILEZAEL 20T
SLDHENMNEMITE Z T %, BRR I I MKSA LR T {\}=1 D%, \ITIEH
MDBGZ5NTVRY, ZZT I WO HMNEMNTI TS, ARITNDKIF ATl
FeroleDER, A e XFORBIMIEL, BELLZ 572D T 47 ICBET 2 X 1) ¥ 7 KXF
PR L7

BIZIEH T ZABAMRTIE N = 4dm g Il 4%, /- MKSA IR T A =110 &% 3, Z
KD, BIZIEN=4n I =11 2 EWT, Z20HRMROBOHEMOBGRESZ Z & h
AfRE L 72 %,

RICHFMRE v TH 203, ZOHN [4] 1X (B.14) DBFRD> S, po, co P OFEEINS, L
2L, HHE ] R L TEI S0 v BIEMFRRTIREXTTD 1 TH D, MR TIEEET
H5DT, FIZIEHT Y AEMARTIE {c}.cm/s, MKSA ZTIZERITTDO 1 TH3, LhrLH
MRICEDER T2, FIZAGERORN2S A=C/m GED) O k5 BERiEmIE
HEN7DT20T, HLETHHMEZROD O LTHMmL, HUOBMERIHEEL TH S
R, Ot ALz, #XOEME R LD 2135 2READ RV, 2Tk D
P2y ={c}ees[V]=1[Y] RE L TR B,

B.7 EAHEHMR

MEI CEMKDSHIARICBIT S 4 DDEE N, 1o, o, 7 DEICODOWTHRRD, 1ZLA
EDEE, mo), co/ Aty bTHbLNWZ®, IhLEEAEREEZNZE, NDOZLiFR
NTH I, 3512, J OBIER (B.14) 2FH LT v = ¢/Iogo = ev/ (o) (Eo/A) T
HZoN5DT, HHEIZ227%%, DFD uo) & eo/ N FHBEIGERTEZ 2 21Tk 5, X
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512, WFNDOHEMRTS v 1F 1 723 {c} KHREXN D72, WFR/IEXTFRZ IR T UL,
S HIWCHMHEIED, 12k 25,

Z < OHAIRT, B, WeR, B, BEORMZEREAM (base unit) & LTHS, Zh
5 DHN X MKSA BT R TIXER A, Wb, C, VTd 3, BOHEMARTIE, ZHICHEIEE
[ ZRTET 2221252, TQWCHN3E512, A Wb, Cr VIZCGSdLLIZ
MKS BfiRD T AV F—HAICRZ2DT, HHEX 2 Lk 5, BEMRUEBDER & [FARIC,
KRR/ FIEXFR DB AT 2R, I HICEAREHOBHEIZ 1L, 1 k5, FlxiE, MKSA
B ROBREZED AlX, TOHHEZ AITEZATWE3ZEZRLTWS, L2L, Zhb 418
EHFELMO, HRERERHT L ZPBERICK L0, HHED Z 2 IZHBEIZSU,
AT 2 Z 2T B,

UTF, BAIETARAT—REMRDODLDEDT, COBMTIEINUE, BAREZRTIKEBEEIE
HB&T B,

zhTix, hoEARXE2FMALT, BUROMEOMLHFITOVWTHIES, FTHRIARD
B LFARTNVI 5, MKROHEMIIE A - =L DIEH] (B.9) RFTZRE D DR
(B.10) 226, RELTWL, ZhooliF, BAEAZRDT, BHEHOBEBEEZRTDATIERL,
HMOBBRIRLTWVWS, LIESHLR (B.9) 2o CGEEZEDZDTZENEFHIET 5,

Ao (IA”P) x 7
47 73

FTEMEBIHOHMEZRD X 52wt T %,

F=iAr"xB B-= (IAr DfE3% B) (F548) (B.22)

[1] =A
[B] =Wb/m”

BEEN B XN TWE DT, CGS BMARTIE m ik cm EiAMHI 2 2 I2ik 5, WHH—
DODHABN T Wb (BEDHEANL) % m? THRUHEMICKR > TWED, TDEHRD
B2 2 213 2 DERITRT,

(B.22) B2 TEL &, ROA»ELNSE (NIX CGS BfiRTid dyn &3 3),

N=AWb/m  Wb/m® = [uoA\] A/m

728, (B.22) 0ERNICHMEEZE T 2 EHDA > TORVNDT, ZOLERDWHAIZ 1 ZENTD
ZLXZRWV, 2D EXRED, Nm=J ZRHL T, XA»FoNn 2 (JiX CGS BAIRTIX
erg)s,

1AWb=1J (A ¥ Wb 0ff) (B.23)
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CDEIICEDHAMRTD MERBAL x BEREMU=TRILX—HA PKIT 5, DFD,
WHANIEREM D HFETZ 280 TH 5, WHTHEVEN (REREHEAMA Wb & m OfAG
) OFFIILDE, TOHEHTH 5,

FNT, HRED [u)] RDZ N TE 2,

(oA = Wb/Am = H/m

EOFESIEIWb/AZH (N =) EWHHTHEMTREALLZDBDTH S, HIZOWTIE
BICHIHT 2, ZHUT poX DIEZHENF UL, po\ ZODDHFELN S,

pod = {poA} Wh/Am = {oA} J/A% m = {poA} Wb*/Tm (B.24)

o 2R, (B.23) zFHLT, NENEMADIMIET A DA, HEVIE WD DARZLEDD
THb, TOD pp\ ZMOHBARICE T 2 BATROEIE, A ORMEE H250iE Wb
DHNIFEICHHATE 2133 TH %, RKRDMIIZ ZT—HKTT 5,

W TEKRDOBMIZONWTHARE S, FEIE, 7—nrOFEHION (B8) 226, IXT%
FRZFIHTHREL TN DT, ZOXRETHIET %,

_ _ A Qr
F=qFE = Tney 13 (Q o3 E)  (1H8) (B.25)
FTEMEBHOHRMERD XS mHT %,
[Q] =C
[E] =V/m

BHOBNNV (BADHAN) %2 m (CGS BACRTIE m) THRUZMN AR > Tn 223,
I DERMER L Z L IZERIIRS N D,
(B.25) #HfI7Z I CHEL &, KORIEFLN 2,

N=CV/m  V/m=C/[go/\m?

728, (B.25) OENICHEEZE T 2 EHDBA > TORVDT, ZOLEARDWAIZ 1 ZENTD
ZLXZARWV, 2D EXID, Nm=J ZFHL T, XA»{oNn s,

1CV=1J (Cr Vo) (B.26)

CDEIICEDHNMNATD NEREN x EEHEM=TIRILX BN 1K LT3, 2Fh, &
JERA S BRI HFEETX2HANTH S, BEEHVBEMNOF FICLEZDIEX, ZHh2HE
TH 5,
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T, ARED [gg/N] ZRDBZZHTE 2,
[eo/A] =C/Vm=F/m

BEROFEZIEC/VZEF (777yF) EWHIMIHEMTREALLEDDOTH S, FIZOVWTIE
BICHIIT 2, THUT g9/ DIEZEIT UL, eo/N ZDDORELND,

c0/A = {e0/A} C/Vm = {go/A} C?/Im = {/A} J/V’m (B.27)

HGo 2R, (B.26) ZFHLT, JNFEHNHBEALDINZIEZ C DA, HE2WVWIEV DOAIZLEDDT
Db, ZDeg/\ BMOHMARIIBITZEL B TROER, CORMEE, H250IIV OH
MEBEICHHTEZ 2133 TH 2, EXROFEIZ I T—HKRT T 2,

AEHDZZETOHET vy B ELEHbo TETVWARY, B, XETRTHEMDOEHETS v
BIEBRTH D, LrL, v EHEMEOBRICHMNTEEZV, (B.14) OB%RE v 2K
SIETHEBL LI,

v =V (o) (eo/) ¢

fogo DT ADBAB LS ICHETFEFLTWS,

DI (B.24) & (B.27) Z#RATIUZ X WA, ThEDFEHRELZ2Zhn, A%k
EDEHITHNMND 2FTHBMINLKXZRHT 2003 E 0, ZRUILTD, poA 226 =2>00]
REME, co/ A DB ODARENDN D 270, EET 4 DOHMNMOAENLRD 2, 2D 5 BRI
NZ T DA BRWEALZEIRS 2 RO X 51T 5,

7] = \/(3/A%m) (C*/J m) (m/s)=C/Ass
— /(WD? /3 m)(3/V?m) (m/s)=Wh/V's

TEARNZIE 4 BARBAOHFTH JOHRTH 2B BROFAL, A & COXVIRENTH 3
CRLBDT, AETE [y|=C/As ZHRHAL &5, B, ZoRid (B.15) /R L B
DIERID BALfFMT 2 L7AGR e —303 %,

CITHRLNIVWLOPOMBRER B3 ICEeDTHEI S,

KEIDIEET O o et b d s, TEAEAISEMLITOBRGRAZKRILHLIBY
NIZEMEAOBRRADLDB.1 Tz RT#EMN (dimension analysis) & HW5, £/, #
EEITORRIZRIET, bLLRZEAEXL2AZFERIL, HWBERMIESNB.1 51T,
4 FARBA O RNTIIRECHEIC R R BERS D 2 (CRETTZZ2FH L TR OBE ;%
)0

£ AT, BRSKFEDOHRMRZMIRT % &, Rt (dimension) & W5 HREIITE N2 Z &h
B dHNLV, 3 TTHEMFR (3 dimensional unit systeme) &1, 71RO LMT (EX,
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Wb/ (x) A | = HwAim  (J)
/ /

c /(x) V. |= 1HeAtm (J)
I |

{7}s 1/{v}s

#£ B.3 4 DDOHAKRHEMOER
(1, 3ATIEHNI 72558 LR L 72558 D D DFERH L)

Hig, R © 3B OHAGETINTHARTEZ2HMNRTH D, FZITHN Lz MKSA
BALRDANOBNIRIZ, AKRTRT 3 THMRTH 5, H5W 2 HAMOBERIZ 41 v ol
BIERGED & 572 LMT OfHAGE TROEINZYHER L OBELZ VDL HTH 5,

—7, 4 TcHAIR (4 dimensional unit systeme) ¥ 1, MKSA BiZRD L5112, $5—D
DHEMNERLEETERTH S, HEHHRINCHHIX LR 27228, A=0.1,,A W5 AL
WiRERE DAL TWR25THS, HEWIEFICL> TE o = 47 x 10TH/m % 4 %
HOHEME LTWAdHNRWD, ZhBEFELRWVERTH %,

BED SLHAIRD 4 THART, EFOBMRLZEREICLTEDL CZ 4FEHOXRILL L
TW5,

AETIISZREINTELDH LWL HMR LT CHEINCHIATE 2 X518, o\ & eo/\ %
ED B 5 ILHARE Leds, MR/ IENFROEIRZITZIE, W3R R AP0 ERTESLD
T, FHEA4ATTHEMREF R %,

B.8 HHIDKHE

K&, —RRBAUROBEMICITBUEEE -1 2173,

ZODOHARDOBDBEA DR DA ITITONWTH—IICkB 5,

[\ BFRHT 2 (B.24) D55 Web 2B HRVEHEFAL X5, pod Z0dDIEIHEL 3
B R THMRINIETH D, ZLT2D THBIE THDH, ZRUXIGLT MTHA ) HE
ﬂ:?‘é@“czié% ZITIhZz AZEoT0waHsHRE, Ao TWAEAERTHAT S

&, XROHE 1 DL T 5, FARRIC A ZEERVWERE, 2512 (B.27) 2FHL, fio 3 X
MFEIND,
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poA = {poA}-J/ A% m = {p A} /A% m
por = {poA}-Wb?/_J _m = { oA} Wb?/J m
co/A = _{eo/A}.C?*/_J m = {gp/A}C?*/Im
0/ = {eo/A} I/ VP m = {eo/A}]/Vm

IheDllisDiEeiUX, A AOBBRALESLNS, FEICL T TOBEFRKRES

ns,
ApoA} [/
AT \/ {qu}\/ 3w

W = | LA ‘J o Wb
_{,LL())\

{eo/ N} _J/_mV
{eo/A}\ J/ m

I T, EREOHRMRDEARNED MKSA HIRTRT & ENFRICR 2 D008, HIEE
WEITHETZ 22 8275, poA, Neg DADERL, v IXREICEEZBEFRRVZ L2325

CGS k& MKS HfikofMTix, #EXD 2 FHO LRI NTL 3, WlJm;c
1 mksJ=1kgm?/s?=10%g10%2 cm/s?=10"erg % DT, /(J/m)/(J/m) = V10~5 B &k
V(Jm)/(Im) = V109 BT 5,

BIZX, PoRBMAREOBRAZRDODTA LI, & B.2 X MKSA B R T
{poA} = 4n /107, {eo/A} = 107 /an {c}2, TH 2, —F, BV RABNRTIE g{poA} = 4,
wsleo/A} = 1/4r TH 2, 2%k EOFERITRAL Lerg=1/10"J, 1em=1/100m IZF =
T2 1,A=10A"2, 1,Wb=1/108 Wb, 1,,C=1/10{c},, C, 1z V=({c}m/10°) V~300V
PEOLNS,

bbAHA, FROEEmE, Fi% MKSA BARIZIR 2 HZ 320, EED 20BN R H
OIET, FCFEPFMHATE 2, IXRTOHRMRBOBMEDOHIRZR B4 I1TRT, 721
TR TOHRMP BRI RE D BRDICHERINTE /20, %@ﬁf%lkt%ivk?%i
503, RVBMRLCLZDT, ZDXS51CLk, FLrofBEL— %2 FLv/FTkL, F/FLT
RITEOIRDBDTH 5,

Z OROBEIIHEACERFNMNRZDOT, CGS BN RTH 2 Z L ICHE L TEAREMND
BEr R CA LS, BB OME, Efe BTOBOMEIZ, MKSA BAR T (1/107) ],

1.V=

22T OHNTH D, HYREARDOITA DB T = I/c DHEATIZR . o DHfIZ gsA’ ¥ T3
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# B4 EREEARLOHER
({c}e, {c}m & CGS, MKS HAIHZTONFETH 3-10'°, 3-10°)

HAR &t A Gauss  Heaviside MKSA BAfT
PEOHGE ab stat gs hl

Lo 47 47 /{c}? A 1 47 /107 “Wb/_A _m
g0/ 1/4n{c}? 1/4w 1/47 1 107 /4w {c}2, | C/.V m
BRI 1 {c}. 1* Var 10 A
g P 1 1/{c}. 1 1/V4n 1/108 Wb
A Q 1 {c}e {c}e Var {c}, 10 C
GADAY 1 1/{c}e 1/{c}e 1/Var{c}. 1/10% Y

I TSI RBBEETH Y, o =cl I 3HDTIERY,

CGS HifiR Tl lerg E o T3,

F7-, Efr/(EWR M), B/ (BE R Ol MKSA Bi%R, FFEHMR, BHEN
RTWIND 1, AVRABEAR, v—LYYEARTRVWINS {c}. THD, TOILEX
HloTWwiuR, BEROBEML VWS S DRVHEED? S, TR TORARA OFEE%FET
=5,

X, CARHMRTH, W¥FNREX, HE, REORMDSNC, BRI HNZRIK—
DEATEILICED, IRTOEMKEDHRNZRDZ Z N TELDTHD (HHITIE
BRETH 5), MKSA BiRD A vix, MKS BATRICEREAM A (2hy 1 DEEE>
) BRIMAZZ2&D, IRTOEMKRADHRMREWKTEL I 2RL TV,

MKSA B RIEBEHTH 2 0ENFETH 2, £ 2T MKS BN RDHHED DX
DHMREMED 7285, EE, MKSP iR VWS ORI A TV . h
=1, {7} = ¢ {eo} = {mo} =1 0I5 H A FHEFRD MKS fRe T
B 5o LmkspA=/107/41 A, 10y Wbh=1/47/107T Wb, 1 135, C=(~/107 /47 /{c}m) A,
Litsp V=r/47/107{ ¢}, V 2 7 %0 A4 FHAR X FARGC, BEGREBIC Vir 2807
B, GEfioTE MKSA Bk OENEEE L WS Z 2 TERNICIEE -2 ffibh T
WV, FlZIE, SIZD 100V 135, 0.265 sV AR 2 2 SbNs, RO
RBEALEC 2 Z 2 EHATHA S5, 1000mb % 100kPa ¥ HARZ 2D LIFES DTH 5,
o dbFi OHMRIINERDOEICRE LD S MKS RANOEHURME R 2 X8 5/ S

*3 P X physics,
OMEDHARBIFIZ L ZZARBTENTEL D TH S, FFE, KEIFS o TY— FEY FELSHETE
TV,
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THRUNHZFTATD, 1 HIX3.75kg &2 6 RIZ 180cm &2 E S ICHIZFESRE WS Z
X, BANICEET 20 DEMRSCETHRETE 2205 Z e d RN,

Blofle LT, Jk, 77> 7ER (BEWIE h/2m), EER BEICE 81G), €, po,
A\, BINRT1 2 T2ERENMR (natural units) ICOWTEHEE L TA XD, TOHEMNDYE
&, R, BHE, FEOHEAMND MKS B iRk d CGS MR I NTRERLRZ, Zhudh#
BN RDOEWTH 505, O 3V FHMNZY, BHESZI TEZTICETEZD 2 TH b,
FUE%Z MKS iR TRE L6550, HREMRTREHALLOE SR EEZ
REBREIIECITRE S, ZOHMOREX, H&E, RHEOHEMZ um, kg, s & L &K
5, ZIT, EBOMEIETANTMKS BiRDODD LT3, {c} =3-10%, {h} =6.6-1073%,
{G}=6.7-1001 TH 2, T2LUTOBEBRIBIT 5,

¢ ={c}m/s=1p,m/p,s
h={h}/ 27 kg mz/s =1 nukgnunr12/nus
87G =87{G} m>/kg =1 pa® /nuke 1uS2

CORER, NFRBAICEL T, ROBBERHELN 2,

Lpam =v/4{h}{G}/{c}*m = (8.1/10%°) m

Lonkg =v/{h}H{c}/8m{G} kg = (1.08/10%) kg

Lous =V/4{h}H{G}/{c}Ps = (2.7/10*3) s
WIND B DEFE /NS VHAIR O TEHAINIIRITIL 220,

HABMRDERKRDEAICDOWTIE, {A}, {mo}, {eo} KWIMAEHMEETHA 1 2D
T, {7V} ETLIXARZZILITKRE, THURDOIHEIZOWTIE, HEDOFEL Lz,

B.O HMAILTEH

HABMZHAGDE THERI N2 BHILTHEM (derived unit) IZOWTIX, $5P1L%
COREREE T2, £3, MESKOHEIZIE, ROXSICHIZRZSE po, J, EVEN
DIf e ZTHEST 2 EDD %,

p =pg —div P
10P

J =J, t M+ ——— B.2
+ro +’y 5 (B.28)

IO XD EREELWGREDONY MIGZEAT 5, BREEIX coF L RIUHA, W5
SR B/po LRI CHENL Y 35,
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#£B.5 BMEKRMEA THMAOHER
({c}e 1% CGS BATRTONEE £ 3 - 10", _m 1& CGS HAIFR T cm.)

B %R B #E  Gauss Heaviside MKSA ==X A
PEHGE ab stat gs hl
N GEEH: 47) | 4n 47 Am 1 1 I
Tk SUEEL o 1 1/{c}? 1 1 47 /107 | _H/II -m
B [ 1 {c}. 1* Var 10 A
B4R 1 1/{c}. 1f 1/V4ar  1/108 Wb
RS B 1 1/{c}e 1+ 1/V4Ar  1/10*% | Wb/ m?
NI RAAT S 1 1/{c}. 1 1/V4r  1/10° “Wb/_m
Tyl A
R H 1 {c}e 11 1/vVar  103/4r | I1_A/m
kit M 1 {c}. 1 Var 103 A/ m
FHE L 1 1/{c}? 1 1/4n 1/10° | H=_Wb/_A
B 1 1 1/{c}? 1 1 47 /107 | _H/II m
T Ar m 1 1/{c}. 1 Var 47 /108 Wb/ 11
BN pry | 1 {c}, 1+ 1/vVar  10/4x II_A
B Py, 1 1/{c}. 17T Var 47 /10* | “Wb/_II m?

* HYAEMFR T I [abA] DR DI T = ¢ [statA] (FEHESE) %R,
T 2 B R TIERER gsWhb=abWb=Mx (Maxwell),
Py 2 AR TR gsWb/cm?=abWb/cm?=G (Gauss).
$ MKSA HAi R TIIBHEEIZ Wb/m2=T (Tesla),
T 77w 2 AR TIIEESTEE gsIT gsA /cm=ablIl abA /cm=0e (Oersted),
| Rh 2%, BEHSRE H % BERERY L7z 3 o,
T ZBNLRTIIRENL gsIl gsA=abll abA=Gi (Gilbert),
7y 2 BT R TR 8 gsWh/gsTT=abWb/abII=G (Gauss).

D =¢oFE + \P
B

H=——-)\M (B.29)
Ho

Iherfvse, ®(B.11) 2R (B.13) 3K X 510K 3,

div D =M\p,
10D

tH=AJ,+ ———
ro +7 ot

Bi1t (magnetization) M IZDOWTIE, a XY MR ETH %, BHEXERIWSEE1ES
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£ B.6 ERXRMATHADOIHER
({c}e 1& CGS BN R TN £ 3 - 10" _m 1X CGS BAIHR T cm,)

HAR 04 A Gauss  Heaviside MKSA BT
PEUHGE ab stat gs hl
A GEEHE: 47) 4t 4 47 1 1 I
BRUER €0 1/{c}? 1 1 1 107 /4n{c}?, | 11_F/m
B Q 1 {c}e {c}* Var{c}. 10 C
B o 1 e Vfehd VIR 1/10° V.
BGHE E 1 1/{c}. 1/{c}. 1/V4r{c}. 1/108 V/m
BREE D 1 {c}. {c}. {c}e/V4m 10°/4x | I1_.C/-m?
wERTH P 1 {c}. {c}e Var{c}. 10° _C/m?
H“&EC 1 {c}? {c}? 4r{c}? 10° F=C/.V
AR € 1 {c}? {c}? {c}? (1/4m)10t | II_F/m

* B ABNRTIEER gsC=statC=Fr (Franklin),
T B 2B R TIREN gsV=statV,

WS E-BXEE WO KRB ERICHE > TWED, 2o TIPS EE2 WS E-H
B EWVOIBERVBERTH o7, DD, WHDIE LW DIR S W 1V L 7 K318
(magnetic polarization) P,, WX 2 D DHBFHLNT,

BEDOHEIE H ITIEWEEERTH 520 (B IE NH OHALD), Hv CGS RO HAIZTA
T, BIZEWHERTH 2 (FEICIE AB OHAf[), MKSA iR TdHWEFETIE, 25
2o TW5, AUHBRIC_OOWMENH 2D TH5, P, = ugM %DT, R (B.28) &K
(B.29) lZXD X H512Hk 5,

10P

1
J=J,+—rot P, + ———
+/~60r * v Ot

B =uoH + \P,,

WL O DOEBERMAANTHEMNDD 25, WThdEARENE HERNOMASDOETH
h, Thzb&E xR, fiHIcK B.5, ¥ B.6, X B.7T »%ERT %, JITHHELTIX
BIHHEMROBELZ 1 £ LTW5,

EARBMPAMC KL DN 2 RBIX, BR (Fy PRV R), 8 (L V&7 XV R), i,
Eﬁj}“@?ﬁ% HBEEMZ F=_C/.V, FEHMI _ H=_Wb/A_, EHHIZ Q=V/ ATH

o BEHMNFEHMNEZMS v, BEXEROHME 1 F/ m, MAUEBDHAIE H/ I m
ﬁﬁﬁébtﬁf%éo
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#£B.7 BARMATHAOHER
({c}e 1% CGS BATRTONEME £ 3- 10", _J 1& CGS AR T s, ergo)

B R EhE  #E  Gauss Heaviside MKSA =4

FEHGE ab stat gs hl

Wl o 1 /el ke 1Vin{c) 1/10° V.

ERiw 1 {c}. 1 Var 10 A

B’ R 1 1/{c}? 1/{c}. 1/4m{c}. 1/10° 0O=V/A
BHP=9¢l 1 1 1/{c}. 1/{c}. 1/107 V. A=1J/s]]
v GFFR: {c}o) | 1 1 {c}e {c}e 1 [y]=-C/-A s

A7 1 {c}e {c}.! Var{c}. 10 A'=[y] A=C/s

R 1 1/{c}? 1/{c}? 1/an{c}? 1/10° Q'=V/ A
BHP=0¢ | 1 1 1 1 1/107 V. A'=1]/s

* AT ABMRTHEDLA TV ZIENMRERERER I(=cl),
Py 2B R TIE, B gsA'=statA=Bi (Bio),

ARD X SWCEN PERA VT4 IR MLVOHEBE?O ZTHY, (B17) kb, =
FOVE L o BAREES L TR LR T LF — U ORZ(LE [y] THRLZEXATE X
5 d,

10U

v Ot
Zhkb, [Pl=J/s [y]=JA/ C=V_A ¥ TEE x B OHEMEZFED,
%B W=_J/s (BEICE T/s [v) oRiE MKSA HifiiR7A EIENFRRTIZE LW, xf
MRTIE I/ s [y] BOTHEEDIRBRETDH 5,

B.10 BUNMRICOWVWT (y AE:R)

ARENI D72 D BRI TH 523, ®IF (symmetrical) RDFEEZEZ LR LW,

(B.11) 5 (B.12) O~ 7 AV 2 VX ZR 2, v 3HICt &ty MTRoTHEIELT
Wb, ZZTAt —t LBEEMZ 27 AV 2 VHEADLS v ZBOVHTZIENTE S, £
DFERIZ (B.11) 205 (B.12) DFTRTORT Yy =1 2 LdbDr—HT %,

—F, BBV SEOERIZL, EN1DEIREZTHIL WS THS, I TH
Wy — 1 205 EA EOFFZ TR, mEesh{cl.=1H20E {c}n, =113 X
HIEIRT Z2RNEDDH 5,

DLED X5 i5CBE 7S AT LR -5 ERD & 5 B HRD D %,
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o WA R T L% T BT ET o7y AR 2 5,

o ZD/hy DHADARELR S,

o MRS X7 L EIEXFFS AT L 2FHT 28GR v Z2EER VD, FLLK5,

e WTNDY AT ALTH_C/ A=s, Wb/ V=sDHLL, 4 BMND >S5 2 BAHMD 2
HA0 SHICEETE S X518k %,

o M RT LTHEMR, RA VT4 Y IRT ML, BHIH L ZHITERINTVWRZRD
BR—HT 2, I=1 §=8, °P=P,

%51, BIZREAY RABEMREZETEBETAR, ZOsoXZmMTEMRPMETE 20
W, FRIEFCEHETH RV, D% D CGS * MKS @ &5 REHRTIERL< CS H, MS
e 11272 K5 BB ZEIRT 2BEDRDH 2L 0D THD, b LEEERNHEA R
(perfect symmetrical unit) £\W5 Z & Tsy BAHLWVWHEARZE Z 2 D85, gys=1/{c}ms
WS JEFN W 2 D 237 5 720 0 Z ORISR O E T FEREE T 1ym (=1m) &
2D, EIE 1m/ s LR BTH B,

ZNH SN ROEHDFED K DT, FAHEOEHREHELTE L,

{poA} _J/m {poA} _Jm
" w B (35

J/ m {HoA}

{eo/ A} _J_m A{eo/A} _J/_m
= eV T bV = \/ {50/>\}\/ m "

F3, CGS BfiRISEW CG MMREAIFR L TA LS, HLVHEMARIZ CGS D s 721323
JEF IV L, B L LT ste (short-time CG) ZH WA Z b 35, ¥z, HDH
HEISIZD X D WCBMEMR L IFZE T, UMROFEMICERA VAR TS, bHBAHA,
A ZABNIR & B R E OBRIEZ T TIIRD TV 2 DT, thoHfiFk e OBEFRD HHIcH
53, oA BEL g/ A DRETH 55, HIC1ICLZZWIITH B, oL oifED
BHEHERL, RDEXIIWEDT,

gs{poA} = 4m steffioA} = 4m
es{€o/A} = 1/4m stei€o/A} = 1/4n

TERFIBENCEADI PR L T o 72D, NFEROBMICKRELEEPLEL I TH o
7o PIZIXZANF —DBRAFXATERS NS,

1ged = lgem?/s = 1gem?/{c}? s = (1/{c}?) sted

*5 352 AT S BEBED ST R ZEE L spem={c}cem 12 LT KW\, B OIEAPRMHENT K 5,
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# B.8 CG-HMFRDEB L HARMNOIREEK (Gauss Bfiiikx 1 £ LTWVW5)
({c}e V& CGS BN RTONEETH 3 - 10°)

HAR TR Gauss CG X#5 B
PEIHGE ab gs stc
Lo 4 A 4w “Wb/_A _m
g0/ 1/4n{c}? 1/4m 1/4x C/-V m
B 1 1 1 1/{c}. _A
BER @ 1 1 1/{c}¢ _Wb
B Q | 1/{c}e 1 1/{cte C
VAR {c}. 1 1/{c}. Yy
T oBREHHT % & HEH
1 gSJ/gSm = (1/{0}3) sted /stem Lgsd gsm = (1/{0} ) sted stel
Z DR, DToHEEIEON 5,
1 gSA = (1/{c}c) stcA lg = (1/{c}e) stc W
14C = (1/{c}e) stcC 1 gsV (1/{c}e) stcV

MDEOHRZELDHDZR B.8ITRT, HVRHEMNRE DREFRMENZ L ETFHIFEAT
HBH, 1HY ZAEMZDO TR TOHMD 1/{c}. D CG WFRHARITE > T\, /{cte #
Ao TK 370, HRPIEMHICKR 2720, RETIFHR LRV, 52, thoBMIXERENMSR
%ﬁKKTLT%t®T %m%%;?%um,b@ﬁ® FLEDOBWOMEZEIZLTIE
(AN

Reff 2@y U, FEBEL {c}. f5& L7 long-length ® CG M#iR & LHE 0 EE D
HLTHhL. V{c}c DBEDBAZRY, HFDEHEARIBIZL TORL,

3
1gsA - 1/ V {C}CHCA lgSWb = 1/ \% {C}C chb
3
1gsC - 1/\/@ llcC 1g5V = 1/\/@1&\/

FNTEST MKS YR REEZTAL D, UL MK SHEMNRZHMT 2D TH
305, FOWFY L TEIUSEW MKS 7Y AN REFHMT2HDT, LMEgsm £ LT
BII, TITiEgsm #EEICHELHED LS, 7, CGS HBEHMRL OLLEKZ L TB L,
po/ A BE L eg DfEIZ CGS Y RABNIREFL T 5,
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gsm{MO/\} =4r ab{uo)\} =4r
gsm{co/At = 1/47 ab{eo/A} = 1/4n{c}?

F 7z, NERBEAIZOWTIE MKS & CGS OBfR X b XADALT 5,
1gemd = lkgmz/s2 = 1O7gcm2/s =107 ,p,J
INEDXRANELNS,

1 gst/gsmm = 105 abJ/abm 1 gst gsmIll = 109 abdJ abM

s, ROZEHBEABEON S,

gbrnA =V 105 abA gbme \% 10 bWb
gsm (V 109 /{C} )abc gsmV =V10° {C}c abV

21T MKSA BALRIGEWSEEEIRNFRR T H 5 MK Wik & MKS 7Y R BALRZ B L
&9, MK-sym %% (short-time MK) stm Lal# T 5, £3, EAEBEIRDLS51TT 5,

gSm{MO)‘} =4 stm{HO)\} =4r
esmico/A} = 1/4m stm{€o/A} = 1/47m

FRNFERBALITOWTIE, JEROERDM T HHEA T %o

Lgsmd = 1kgm?/{c}, s* = (1/{c}7,) stm]

CNEDRXRANEGELND,

1 gst/gsmm — (1/{0}%,1) sth/stmm 1 gst gsm1l = (1/{0}%1) sth stm 11

ZHREIRD X 51872 %,

gsm :(1/{c}m) Stm 1 gsm :(1/{C}m) stm
gsm :<1/{C}m) Stm gsm (1/{C}m) stm V

DEoHiRz2Ee Db DER B IR, ZOHESH, IMKS 7V RHBEMZRDTRTD
BAI2Y 1/{c}m @ MK XFRENIRICIZ > TW5, long-length @ CG Xfi%k & L7zHE D#
BRI R o728, BKOH 2 NIZEHDTEELTATIELL,

ZDORIIBEDEDIZ MKSA BAIRB ANTH 2, —AT 2L VI0T BEDA->TWT
BRI D A 55, EROBHREDHMIL LAED-OTHY, & LAUREEHIN SR
HOMMER LIz T2 2, MKS &v ZRHAIRSP MK SRR O I 10 DEFED TR
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18% B B RIZOWT

% B.9 MK-GFROER & AR OIAR (MKS-Gauss Hfiii%z 1 £ LTW3)
({c}m 1Z MKS BARTOXEETH 3 - 10°%)

L 04 MKSA MKS-Gauss MK X$F5 Bl
PEIHGE ab gsm stm

Lo A 47 /107 4 A “Wb/_A ‘m
go/A /47 {c}? 107/4x {c}?, 1/4x 1/4x C/-V m
Gt V108 V107 1 1/{c}m A
TR V109 1/V/107 1 1/{c}m Wb
W Q | V103 /{chn  V107/{c}n 1 1/{c}m C
B¢ | V109 {c}m  {c}m/V107 1 1/{c}m v

MANDZ b, —7F, CGS HiiHiS CG WMHHEMRATIEENVWREEE RoTWwd, D
T D, CGS B R THLNTWI-EN 2 MKSA B ROHNMN I IT Lo 52, 47
V10 DEFEPA->TL 3DTH 3, ZHd MKS BT ROME TRV, b L MKS #
NRDOHGTBICHA ZEo T s, CGS BURTRIU K572 7 7ADBEUTITE VR,

DTH %,

bBAA, THUX po\ R o/ DBV THET 2 ZENARETH 203, Zh oz NART
R HARZ 1R 4 BEIGESBD, oo THHEELIFIITTERY, ZOEKT, 25
LTz diR 3 25 2 T MKSA B RZED LIFE N GEICIFEEZ TP E 2 215720,
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{38 C
ERED

Cl S9532Ta A5 R—IIOREEMUDRE

IMIEREDW/DS 2L ZHHRIC, ZROERDPORLZROENFEEZ LS. FERTE
DM 0127223 FTH L5, ROXHHILT %,

F,+R;=0 (i=1,-- ,HRORE)

ZZT, F; 3EESREHINNTHY, R 1F. EWVICHEELA S BAMICE S RED
(constraining force) T®H %,

BIZE. ZODE A —ERMICR 5 X 5 R (constraint) 22T TV 235G, gk
o, 2 D ORI —HTH S, “HOERI—ke LTHHAEKIE. =HoR
HERMEDIETS 5. WEOERS R UTEIK HEIE. Fil R E Rz Mo =fiart L ClE
ET 57212, L MAOFMEEMNNERET 5. UTHBRICEROEMIEZ 2 Z iz, Rid
FHEOBIZ 3 TOEZ TV DT, m AOERD KL LTEWTW 2 HEITIE. JTigEMtD
Bix 3m —6(m =2 DEHEIE1) kb, BB m EOEROE 2R3 512iE, ZDOELD
MNErAEOHHEDELET6M (n=2 05515 OHHETTHSTHL2DT, HHE
L R OROTNE. TTORT DI 3N 1272 5,

FERRICERDERNC L =D K 5 B—XTT R d DICHEI N TV AIHEICIE. BRIk
ORI DB Z 8T, BIHEICHBEIN TV & X2, BRI 2 IZ—HDREE
bz Zilinbd, 2o, BRREERRPEED X 512, FONRFRESEMEEH: 55
BRE, BRI D 25, RIS e D ATRET D %,

EXDEGI TR CAICEARERHNITD LRI ML THLDT, AH7—fFTD
WHETBHIMETD W), 2, ZORRENVCOEFILTH 0 R0, XADBILT 5,

(3
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ZOHEINE. BERDMEDPBREN or; L OAEZ £ o T, BME L o TW5, 2B, EAH
HIUX F; + R \IMEDICELT 208D H 205, ZOHEBIIZROM/NEL B EHTE
0 ZDEIWEMMIZHLT, ZRSDBEED 0 1fft =05 Z & 258 (stationary) T 5 &
W,

ST ZOEN or; DI XRTOREERA 2T THE. RORXDBHILT %,

Y Fi-or;=0

ZORIFFFZIR=ILDRBEMODREIE (d’Alenbert principle of virtual displacement) ¥
HIN2bDTH %,

Z DA, BERZEDD DITHMEENDID 25 E512E R, -or; = 0D T 5 L, HRENICH
RN D 2583 Y, Ri-0r; =0 BILT 2006 TH 5, BREDHLE, FIAIEHEARICH
DB BN |11 — 1|2 D E LN S BRI T B0 TALE D (11 —10)- (011 —61ra) =
0. 2F D, dry —oro =013, 2EHRTHIERICEBEICR S, —/. R = —R 3°HRZ%
FERERICTATTH 205, Ry -0r1+Ry-0ry = Ry -6r1 — Ry -0y = Ry - (071 —01r3) =0
PEOLNS,

XT, IS DB DB N &, —RIQWFESBO=5TH 20, —RILZEMDHE M
i3 2HEIIE. BEREO—FICkh s L. MO E R ikim 3 255 1id. R
DfEWCHRDZ, TOLEADEEERS e B2E X, IREMNDIKD B NTNNFITHT T,
Z DI HEBFERNIFHE L TEB Z 9. BIZIEMNBEDONRT P, vy =% r1. Tov T3
U, 1o DR E 240 25 76 EALMT D TH B, NIZOWTHEBITET S, T2
&y B U R=NVOFEZEMOFHOKIIRD & 512FIT %,

N

ZZT. NIFERADONMEZ RIS %7 DITHETLLIT ORET, B R OBUTZE2 M D Rt L
7obDTH D,

277y ald,. TOEME, B EHAINS X5 HBRL 7, BhFO5EITIE,
BE RIS, RIS T 23] —m#; 25BN Nz e TR, BHFeFRCICHERTE
5, ZZThH, MEHNZEZTTL, XDTHEL LS, “HROBTITHNLEREIZTART
M UL 72503, Ao Z LRGN 1 2 BHIEICFE T2 28 35, D% h =Rk
HIOBROMEN D=7 (midy, myijn, mi131) & midi. moide, maiz ERETZI 2T
%, THEEBERDED T EICRORDILT 5,

Fi+Ri—mi9'[:i:O
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CHIEBEDENEZEHT DD, -ZN008MD 0 25,

N

(2

22T du; RGBT 5

N

TH2056. RADMILT 5,

N
R UYR=NVORBEEMDFEHE WS &, ZOXZET I N2V, AETIIRHEDE I
DRERXFNT 272DI2, $/F7 75T allPWBEZRTZERT, 953002 F7R—
IWOREEMDEFEIE (Lagrange d’Alenbert principle of virtual displacement) &R Z &1
95,

C2 SU72Ta10EEAREN

HEOH 256, CONFROEHEn Z N XD S/NSREERLZ, ZOHE. 2D
F—2ZATux; LRBRBIPOELZMMT 21Z5 0LV e, FIZIE HEHZLTL

PERZLIE O =22 XTI VL, AWICHERHICHER SN HERZ S, HLDEE
. THERERNERD T Z RS MEEARN " ODAE RS OMRENTH 2, TS5 LIREE

% —RRILEERE (generalized coordinate) &WFLN, ¢;: (j=1,---,n) &3 5,
X (C1) 2FEMA LS, FTHEIHIRD LS KA TE %,
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72U, TR RDESITERSINALTWVWS,

N 4 )
T = Zimivi

“ATEDP S =ATHANOERIZ, flg= (fg9) — f¢' ZFALTWS, /&, WTHEHITHD
2R,

8%‘ _&ti . 8;132

9¢; 0q;  9q;

81}1- . 0 d.%‘l . 0 " 8331 . ﬁxz
dg; _ 0g; (dt ) ~ 9, (g a7 o >
DOERERHT %, SAARMNITHIC, EEANPHATHIZENATWS, T DOFEEN S
DhBE3. T ERENIE v; OBTH 2. Ko ldq b ¢ TEERMASATNE L

ZHHEE LTWS, LAdioTT(q,q) TH5,
—F. HIHIZRD X 51272 %,

N a Z n N ; n
% 7 % J

REOFINE F & LA, ZHud—i{b (generalized force) IMHIA TV
DEofREzZ D2 e XN T HN5,

n

d (or\ or 1.
;{a(a—%)‘a—qﬁﬂé%—
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§q; EHNIICAEFTE 2D T, ROXDEFLN S,

d (or\ oT L

S(E)-5om vm

TN T TP aDBWEHERTHD, —a— b rOEEFHERHF ML DDOTDH 3,
%Kﬁﬁﬁ%@%ﬁd\mz—g%tbf RDEDICEWTE 3,

N U 8:131 " AU
L7=3-T

L(Qla"' 7%741;"' 7Qn):T(Q1>“‘ 7qn7417"' >Qn)_U(q17"' >Qn)

LTI 7YY 2aDHERIEIRD X S22 %,
d (0L OL ,
E(a—%)—f—o (J=1,---,n)

COREFICTIIT P aDE#HATERX (Lagrange equation of motion) . & 5 WA A

—DM73 A EIX (Euler differential equation) WX 2, £/, LT3 7 Y
(Lagrangian) MM, B, EIORLE L ORZEFESZ5LVWOT, < XAXD XS
(el EAS Y S

B, BRRFoO—L>YAH (Lorentz force) DX 512, HEDOEENA->TWBE XS
. REHORWHTEST, HETOLRBPETHD., ZOFIEIZOVWTIFERDOHITRT,

C3 FIF2PaDRERBE

AEHICIEREHORE X ZMBUTRD 2 TIERTRE S, 77703
ZAOFHEP SR Z— 35,

c BSoR— )LORAE

\'
2

N
=1
ZZT. 0z Zc=N— n@%f@ fRicLensZfie LEa, 2ok, BHE R O

Sy DENLITHT L{”“”
c 1.@3@@7&#%)»7(0) X9 &:K%B%ﬁ(“f‘%i LHRTVWd e L&D,
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Gi(z1, - ,2n) =0 (k=1 ,¢)

DD dx; DELMIIXT 25403156505,

Mﬁ al

CCTgri = aGk/l'i CRERLTH D,

ZITI7 7y aORERBMIREINZ FEEZMAL L5, T LOFRICOVTIHEN
2. £ INS OHERMFOWNHERER A\« (k =1, ,c) ZHIT. Zh5%EX (C2)
55X ElE S,

N

Z m;t; — F; — zc: Akgri| 0z =0

i=1 k=1
K7 cHDORFEZEAT 2212k, ZizE o HHIZTT2FENST
=17

STV aDKRERE (Lagrange method of undetermined multiplier) T»H %,

2770 2 DRERBIEIRD LS CRBTE S, fi =mid;, — F, L EZ5, §5
. N XEZEHDORZ VTR L75E. SEHITREMEIIRD L 51Tk 5,

cTEDORMEEED i % gri &5 5 8. REEHFIEIRT bL g, & dx OAFED 0. D
EFDINSHAERLTVWEILERT, COLE, REEE f L ie NEZRLTHIE, f
3 g, DMIEAEETEZAONDEWVS HDTH 5,

BlZIE. N =3 7T, FEEMHP c=2 T 2. BRHOKREEMFT, oz id g, L EER
m R FuER o kb, ROREEMT, g, L EBERFIOMH FIcRTIUER S 4L K
%, ZOMRE, dx 3N O0HORM IR ITINEIR SR KD, T, RZ ML f
DB DOZARCEBERSIX. f25g, & g, DIEBREMNICAD, ZNUHDEHETEZHNS
WS Z TRk b,

FEFFERD & 51272 %, ¢ HOHFMERMEIMI THIU, gr BITHITRLIZE E, 2D
rank lZc &%, ZOLE, VEZBEEANEZ T, ED c x c DETITHNDOFTHID 0 1272
5RVWEIICLTEL, REEXKHEDOXDLS dz1,--- , 0z, DEDZEHDY dxetq, -, 0y D
BbD 2887 21271 %,

c N
D gribmi=— > grid;
i=1

i=c+1

FEADITHDFFHIZIE 0 TROD S, 621, , 02 & 0%eqr, -+ , 0y D—RKEEETREN
522125, ZHUE, N RILT AT LT, cBORERDH 2720, N —c DHHEND 3
ZERHIBELTWS, DF D, 0xep, -, 0oy BBFIOERZ L TE, BOiZZhosdrs
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RESN S,
ST HERMF =T dx; THAUT, KNIBFTHALT 2,

N c
Z (fi - ZMQM) oz; =0

i=1 k=1

ZZTCy M\ XA R T LoD X5,
—Z)\kgkizo (t=1,---,¢)
k=1

ChzrisuciAT 3 &0 RADILT %,

N c
> (fi - Z/\kgm) ox; =0

Z \\:VG\ 6xc+1, e ,6:CN &i{f%i&:ig‘/‘\z) O)T\

DT B, ZTHE dxq,- -, 02 WAL LR Z2EDbE 2 8. XADEHIND,

k=1

DED X7 Y RN—NOFRBENMOFEZRY n BOBEHEZFFONEF LN, c DR
BORAE N, 2R X2 MA & D, NED oz; 2% -7 HHICEMTE %
CEWRXBRHDTHB, T2, AL FHETRONEFEST 2 ZENTE S,

a d( ) oT .
- — _Fz'_ )\gz (SZIZ'ZZO

o, RIEGDOGE. 7277 Y 2 0EHHERIRD X512k 5,

L7507y LIFRARTEZ NS,
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L="T(x,&)—U(z) + Y_ MGr(z)
k=1

FRWHES R RO K S22 5,

c c 8Gk
R;, = AeQri = A k=1,---,N
S = MG )

RETCT/RUZZEamE. T MEBEER o, BRARE U0, —REER q; T/~ L 7-EE)C,
XORDIZEENDB5ETDH, oL FAUEMMNRILT %, TOHE, TNHDORD x; %
q; CEEMZTRDIRIT S,

C4 =IMEADRIE

BMEADIEAIC I XRD L5 BB DTH B, 5. 77707 LICHTIZROMED%E
25

S(a(t)) = / Cdt Lq(t). d(1))

Z 2T, HEEIOHE q(t) 1 q(to) DIEL q(t1) DIEIEE > TWVWE7ZF T, BHIIEE OB
THhH, I LD, EHOLSERXZHZ LB IZRoTwiawn, ZoEMEZER (action)
R,

XT. 222 BBEE q(t) + 6g(t) LM ICEID LTH B, T2 LI EPICZT 5,
T IT, HERLEEDPFET . COFHMERET . DF DPLEZEDIICEZ THIEHNIE
CEAEEDLRVWE BiIZE, ZOWEITEFH T ERZ M- T, £, SEH TRz
HOEDELT, PLuEEENICEZTD, EFRHREEITZ220WS3DTHDE, AETIEHHES
K ERE Vo THR/MEIZIZ 2 DT, RIMERADIRIE (principle of minimum action) &
1NN

TERMERE T 2 e 212, PENEB AR ZHMALT 3RO LS WCAHTE 32, BN
DD BP0 5D USHIZNIE q(t) + 0q(t) ZE B &, MEFOBENCH: > THRATORHED
q(t) + d(oq(t))/dt £ 2T %, L7dioT, TNLHETOEH L ITTOHEDIEH D AT
DEIITIR5,
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mo T

fs
RC.1 By ST & D RS R

68 =S(q(t) + dq(t)) — S(q(t))
:[1ﬁL<ﬂﬂ+M@Lﬂﬂ+ yr )—S@@)

o TOL OL déq(t)
- oG 57

t1 t
1 oL d (OL
T A —6t——<—,>5t}
e toéj{%«>dt% a(t)

[ a4 ()

INPMEEDOBUNIEZETICOWT, HIZ 0 27225 720121%. KD LT Ui 570,

4 ()2
dt \ 0q dq
CORBHTHDZ 770 Y2 0EHTBRRZDOLDTH S, Wi Z ORI THI, F
HAPEET 2 b TH S, BB, LD p = 0L/0¢ Z—MILEHE (generalized
momentum) Y PFERD, HE L m G LAEHR L IIE TRRZEL R ZE23H 2D T,
TFEPRBETD 5,

C5 BHEODA

TZThrofle EIFTEBIS, B C.LIRT XS R KIFIc—EEEINME. 3
IBEH, FBHEHEZREBEL. m OHRETHRINT %, BIIEEHIZIE me RAZEENRISL FToTWd L
T 5, ZODHERDESZ 11, 72 £ L&D T5L 21+ 210 = const 72 5 HIESHD AL T
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3, BXDOFAZHYNGERZLICED, ZOAH%Z 0 ICHHEL L5,
EHICRLUHET, fHEhERDTALI, 977097 VIERDE DK S,

1 . .
L = 5(771133’% + mQCE%) — g(mla:l =+ mgiﬂg) + )\(.’L’l —+ 2:1;‘2)

IN%E 21 29w N D=ZZROBEBL LTI 770 20EHFHHGEAZV T2 XD XS
25,

miTy = —mig + A
Mol = —Mog + 2A

INHDEDPD 1 AN BHETZERXROADELNS,
(4m1 + mg)fl}g = —(m2 — 2m1)g
%Zﬁ&@:\ C@iﬁ&i X9 %u&_‘@_‘ﬁ&@"‘*ﬁgt L\ 1 = —2$2 ’C%Z) Zr %%F% L"Cﬁf(f‘ﬁ%ﬁ:
DALRNTG T IT7VERD D,

L= 5(4nhj€—+7n2$§)——g(—2nhaa~+7n2x2)

Iz 775y a0EFERNICRALTELNZRIE. —a—-troEFrEX o7
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A-B=B-A

AxB=—-—BxA
A (BxC)=B-(CxA)=C-(AxB)
Ax(BxC)=(A-C)B-(A-B)C

grad(fg) =f grad g + g grad f
div(fA) =A-grad f + fdivA
rot(fA) =frot A+ grad f x A
grad(A-B)=(B-V)A+ (A-V)B+ A xrot B+ B x rot A
div(A x B) =B -rot A— A -rot B
rot(A x B) =AdivB - BdivA+ (B-V)A—-(A-V)B
div(grad f) =V* f
rot(grad f) =0
grad(div A) =rot(rot A) + V> A
div(rot A) =0
rot(rot A) = grad(div A) — V> A
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