2022/12/3

g a(t) =4, cos(wt + )
| mi 2= friE 0 =0, -0,
MEC | W Zo- oo -7

B FHR Bl Z, =R

N2

REL BiZ, =olx f

@=0 3R o - | RLCEBEERIFEER

JLc  FERKIEA SR

=1k JoC  gmwr U=17

BB =747, HE +-ata
LR NERER R
> wamwre 21,
> ER TR

t

8T MR NEAMES
HL LI

1840FHI 5, REFZ FUHE 2 SO MU AE Ak A A B
T B R AR A XL SR AT BRI B4, F
REMZERBRR, EILSE—HEL,

FEFHFHJ.C. Maxwell, 1831-1879) AE|155 S
T—RZRMEIEERI, RRAE (BTEEX
2L2RY) b, 3F5EVTFIHKE, 25FEMA
Aberdeen X2 ) HR Y 81T .

1855 RBRF—RAMFERI GRIEREER L&)
ERXRRIXH, EHBHALERRE TR HE
FRR, o Rl T ETEE,

+ 18614FRFE (BWEKHK) . RS EH—FP R

VSRR R, RIS, X
IR T A8 LRI, BP AR A .

+ ZTHHERREGBIESERNRS, FERMD
Z AP E R EF AR . I e, R
RRLE R, R AR R R AT T,
2 W] DAL A B RERT M AL RIIE L, IR e
3T EERAB R,

BAR MR BB TR 3 W H 3

: RT3
E%%%gg - R 3 RT3

B BRI 1 ESETE 1

[
ZWBEFRME
TR ETE (FER
=5 B Ry TR 4D

+ ZHHREIX A T AT A AR BRI B
TR, i KRR R IERGE, St
— L

+ g};mﬁﬁiﬁ?XﬁE‘J%)‘C (RS HI3h 7724 1
®) .

+ ISTEHRT BEHERHNSREE (REGER) ,
Be— R RS KRR R AR 3B AE, AT LS
457 19 g sh - CARTRT BRI R B FE R
BT ERMEEERAR.

+ (HREGER) 548K (ERTANEARE) |
BRXH (iiR) CLRRURE) (s o7 R )
TSR i) E R R E 1R

+ 1879 ER TR ERITIRME, F{N48% .




2022/12/3

8.1 B4 I ARG B B A 3 A

TR ET
A O et —

i R 3 Y O B R T s B s

CEJ.)Ddg:sZW:qO =L[J.p0dV V.

TR G AN Al R, ﬁ@ﬁﬁsizsl
D

TR aeTl 7 Lo Ldh xUidh x2)
ey | 7

R e MBI, B3R
BRI R A 2 B

CE[)B%fS:O VBZO

=P d-dl =31, =[],-dS =7
o dl =Y1,=|j,-dS VxH=
$E-dl =0 VxE=0 ? ' go ‘h
£ Tl Fle. TR
R <7 fEL R A (SR L 45)

AL FL RN E R

L EA R R ()32 4k Eﬁﬁl&%ﬁ)ﬁ %K
Piers, A

?Eﬁ-dl—=—ﬂg—f-d§ i =D

RSP ETT R
gpy.dgz_mvg_/;w v-j+2-0
rafERM

8.2 I 22 ) B3 NIk 37 (O 2 A

8.2.1 B 2R 1B 4L T B3 I PF B e 1R

+ ARG RRT 15, HRg e SBRETR; HE
BERS MZRAGHIRE DL T, 5 25 (A B AP FE B L FAT (B9 1R
), XK (RIEET) .

E=E,+E,
G2y -l =0 VxE, =0
o 0B - A OB
chEﬁ d :—jjgus VxEy=-
A 2 ¥ [sEmR e

0B o o 0B [FEEBREEE
Qear =54  VXE=-=|upmnm 5w
L ; W B KR




2022/12/3

8.2.2 I ZE L T R K R i e

E=E,+E,
+ TERERT ALK T, AR R R IR e
B, RIERZKRAZNAEIIHE,

@m)cw zho V.D —
0
<ﬁ>E -dS =0 V-E, =0

$ ¥
fpp-as=3a,

BFARE UL T A

V-D= Po HimHER

8.2.3 2R H I PR K E i e
+ B @B£=°xré=o
SE—RL, (RS

S, S, SHSAR—AF
AEES L B RR B

c}E dz:—jj— -dS

A TR R R 0o i TR 42 40
BXERLT F—ANFREE LIRS

cfE -dl ——jj— dS:—jj— dS

” dS = j_ a5 ﬂ -dS - j— ds =0
QE um&@ﬁlﬁe%ﬁﬁ%m il
H -dS + H— as =B a5 -0
| @

VB = const <):I 5(vz§)=

AR R RE
i, JRED:

V-Bl =0
=0

O

LA SRR, BIEERA T 2T,

RE
5 _ B-dS=0
v.B=o §
KRR AR TR R 7 e

8.2.4 BT AR IE I T RS 1) Z R I i e 2

+ LREE A E R A TERBA, ZEE
B e AR ] DAS R

$a-al =x1,=[],-dS 1,RtTaR
L S

HAMEEFLE, EE
oz, FRHEBRANLO,
T XA REREL,
AT DL AN IR AR
S FES,. HES,.

S RET FLHFTH, gar._ e
TRt 2B R A ﬁwgi:j'i

s, T

cfﬁ-di:jjj.(ﬁ:o ]

TN, FERRRE E AR, 225 E e A IE R !
IATERSZEE DL T A AERABEWR?




2022/12/3

RUA AR, RS LR TR o) B
H3etk; HT AR NHKRGRE E(0)= o/ B
Bl 24K 5

BARBNR LB BE ¢ (0= o5 BEREKZLE
ST 7R B AR T LRI KD 1

. o dq,
AR HhL T ST A, A Cﬂssjo-dS:—%

L3k S RH S, S, WA IE, ¢ RERE
SEAMEmEH, REFTELE:

§p-as-q, T, __) )
N s, gy

By .
Tl o -

SEJSD'dSZqC wgmz%% _@S D-ds = g‘}S— -dS

B e g 99 P s [[PL.as
ot 1

s (= D) o v

ghl 7o+ |45 =0 swmasimmnms

o A SEREE, S=5,+5, FRBAHER:
445[10 aa st ) [,0 = J as+ [ [,0 . )ds 0

e 7P some mm s munsEn

+ ZE e BRI L,
_d4®) (D e (g5 o+ 0D fBHR
="y _Ljat dS_J‘SJ.JD @ Jp= o EBE jp

AR RAEE j, NRESHEA, TR BB
RERIN AL,

+ [ RRLSAB RRL, SRRV ERR 1

1=ty 41, =[] a5 L%dﬁ:ﬂ(;‘“aﬁ—?}ﬂ

woen ([ oas-] Lo 4-”—[}’-

+ BIFERPEHIER T, SSRRPTz b
R L, R RRRIES .

+ I, FIRHHIE R E R A B T e
BT & AR

_ D
ngH.dz =>1=>1, +J'L§-dS

+ WAERRA: VxH =, +(z—? g%ﬁ%gg

+ AR HERKE AR A &ﬁﬁlfﬂ%ﬂ:ﬂ@ k7]
AR B .

S S AT B A p RUE S 1, WU
_ (0B BRI L

95E al H -8 fe IR B
o 8E bR AR
§aar=[| 5 as=ea |5 a8 Binysuss

PIERAEX IR, B R RREAE SR 7 77 T
REFEXTRE.

XA EAROR, 8RB AN 2 ) 4 .




2022/12/3

[#52] —ERKEREE, BEEKFEEAN R, B
BrRERIEHCA n, SR NRELHRABR
I =1, sin ot BRIRLE WAL L E .

(2] BRI >R
B(t) > ALK B IR e BT E 5

H B AR LT B = d® B=unl
BFFBS sE A C};E ar= _H_ S___t = ponl sin ot

j,=0D/ot, D=¢E

ﬂﬁ%:%) = 2; j(ﬂonl sinwt - 77 )*—%,uonloa)rc()swt
wEmfkE oD o5 1

= Eso%nloa)zrsinat

MREENR: T g

B (r>R) KBRS IR BN 5 B=0

E,=—————=————(uynl,sinot- 7R’
: 27r dt 2zr dt (Hy )

= —L,uonlosz cos ot
2r

BB SMLE IR B
. oD OF 1 .
Jo =" = 8_t2 = ;Eoﬂonloszz sin wt

TFERET R

B R AT PR R e
i, e St I

[5153] RPATIR BB BERBALES, #HHS5£TH
T DMBHERKMRR. KPPREE N e, BARAIER
d<<a, R LHEANq.

[#2]1 ~BATRR B R R 35 3R N i
=9 __4 © > I
T &, mds, E
AR AR & BN >
- _0D D=scE X é‘DdE 1 ﬂ: 1
S EX = dt rd*dt nmd® ¢
v 4=:% 8
ID =jDS=ijra2 =IC In—'ﬁ'ﬁ?‘@%ﬁlc*ﬁ%
AHRARRRES M

cfH d=31=1+], gy p=tok AU
2

r 2r
W55 4 X3 ®5,
B=p,=tale GF 0L
— = = 3
X3R4, =0 5 =Pa=5 = g W :
X2, 1.~0 I,=nd’j,=1, %1
_taly_th L ®s (1] @5
*2rr 27 ® B,
KL 10—~
5% ZHal
Hy . 2 IUOI 9 Ic 3
B = zr =< ERSHTA
e harn

Sebr b, IR 1A 2 BIRS th R AR R I 7
AR, RAARRHETHELBIE

[f5154] S0 S4eb AR5 — B K0 1 B
SR EA IR AR [0, 7L —EIEH
B, RS MR, EMRAHT, it
HIFE LR PIERRE .
(2] BSEEP AR +gR -4,
e R T b= B H
1

ql
E:4 P2
7 [+ (1/2) ]

o © RS

([ a5 = s, [ 2 a5 BR3P

f1-ar ﬂ—ds%—gEﬁ=%%hhm

e ql

2R/l P+l dt (2R /1) +1

q

S N PO
#0) Z”R{l ,/(2R/l)2+1}1(t)
B(1)= ol 0=5J17;%T3%m

Bk, XMETRAETRAERGEHL T — ﬁi),
R AR it vHE BT .




2022/12/3

R THIE B3 2 B A S HLIR (1) PR B § 8.3 EmBE A
aippteiiiekirgr i NURECDL § 8.3.1 EHPH R4
—_— Ot) 0 27Z'R oJe 7
+ ZSU A IR MR T UL L AlE
£ 1 ISR, 1L g (0 = Al c0sg conn) RERRRE, BB TEWREDL T A7 LA
Eggﬁ? R§§ e 6 S U A5 7, T 4 M Masowel L R4
t [ WA, = = =
HON | o PN q";ﬁudS:Z:qo V-D=p,
ol B B B
47R Joar /1) +1 % fE;d ;_IIE'dS VXjE_ ot g
o PSR X |fpBas=0 V-B=0 %
- {1 - }ﬂﬂaﬁrfﬁ ’ ob
4 /(2R/1) +1 | & RAMR @g ar=y1, +ﬂ*d5 VxH = j0+5
SRR B '
Bepudl + B BRI LEY): RESE
o MESABERAE &S | 220 (AR LA A SRV SR
MARABARE, aFEE, (D=8¢.E &M, SR LS TR AR . B
A RMEHITE, B i —oF IME— A E HIAR
=

& Sk, T RRLTE R P R TR B R

ii-(D, - D)= 0o, P PSR
« BRATFREMG. BAEN A(_ _) F=q(E+vxB)
REL, aEELAMEE |[Ax(E—-E)=0
RITE, BOEXR: 15.(5,-8)=0 & BUEFFH MR T RB I AR

T b VA =, + 2 MR

+_
~ o V.-
VxH = ﬂﬁ-%—? D=gE+P ot Fﬁ(—)ﬁzﬁﬁ
= V(VXﬁ):V(}O+a_DJ
S RN O 6P-@@7m _ P
T o Ho R (VxH)=0 v.Dp,
a-L_w_ _ : ;
ty  VXB=Vx(uH +u,M) V.7 (V 7

Go=—2(V-D)=-=
\ I I — —
= j —+—+ VXM |=pj'
Ha (on 2wtV ] Fol e B MaxwellJ7 FE4 E. 28 dpy

V-j,+—=0
B OB a7 i FiEHER dt




2022/12/3

§ 832 M AN Z i F R4

L 6T HREA AT K Maxwell JiFEH

+ ATHRESTE, BREBRENBELS
SRS, EIRRE— BRI

+ MEATRESRAAE, BRFESHEER;

4+ 20H-ZE304E4R, A.Proca® Z5WFH T INENETF
REAAESSIRMAAFRAEE, RET

SR, thBRMBEUS K BT E—
Procajif&.

Proca77&:

FoPo_p - =
ViE= L THU B=vxi
Tl E:_VU_a_A

ot ot
V-B=0
VXB:/‘()}O_/‘Z‘Z-FLZ(’;_? 2 : BRH
c

m T RE, pRRB  h: Planck B4
m, =,u§ if m, =0 » u=0 [Bl B Maxwell 77240

Proca FRES TT A FH ARSI Maxwell J7 T2 14

#EE, MEKEEESE; WFLTHRENT,
W F E| Maxwell 7772, WMRNATREANE, W:

()FBRG KDL EBESHREERE T e,
DAF HL 37 B HSP O R LU U T Y AR B R — 2
QB E A EHE AN, BRI
BE5ofix;

QBB R, THIEA Y

S | 19694, 5 B JUi%: m<104 g

197148, BBER:  m<i0vg =07
197548, 4R  m<7x1049g

2. TR B B Maxwell J7 7240

HAFERLR AR, BN B SN,
R pns W Maxwell 75 TR ] DABUSE XS FRETTE R

V-D=p, op, R
= = p() = 2
V.7 =0
Gxieg, OB V=T R
V-B= “ v.7 —_0p, WA
B=p, Jn =
VxA =G+ BT AR

ot Maxwell 77 7241 !

§ 8.3.3 E . Maxwell FTIRHAK) HEER
(a) IRAEREE T IEMUTERVE F R 3R S Maxwel 57 FE4H

o= pE=Lerr o -lpa-lum
2 2 2 2
EX—AMFRE: BREEAR WHNERER)

o bt ry VV‘]%&%J: P -
S=ExH WiEmaeR Py ok

o 2 )
_Ew(we }wm)degEﬁs‘dmjljaE av
REZKEREE WL EHARE

—%jﬂ[%gﬁ+%,uH2JdV=I£IV~(E><FI)dV+Iﬂo-E~EdV
v-(ExFI)+aE-E+%GgE2 +%,uH2)= 0
l V-(ExA)=(VE)-B ~(VxA)-E

[wﬁwaa_’j].ﬁ+[_vXﬁ+aE+g‘2_f].E:o




2022/12/3

Il
(e}

[VXE+ﬂa_H].ﬁ+[_vXﬁ+aE+ga_EJ.E
Ot Ot
S E-ORH-0BFIS IR, bR

E=0 »(fo+u%—lj)‘ﬁ:0 - VxE=-,uaa—I;I

F[=O -[—Vxﬁ+al§+g[’;—f]f:0 -VXH=0E+S%

D=sE VXE=- 66—1}—6@—?
B=uH ‘ _
_ ,u_ VxH=cFE+&e—= +6—D
j=0oF ot
%zﬁvﬁiﬂv-l V- (VxH)=0
Q(V-D)Jrv-j:o
ot
AR v+ L 2
ot
2(v-p)-2L=

ot Ot

0 =\ Op _ =
+(V:D)=="=0 mp V-D-p=C

wp=0,E=0,.C=0 >
V.-D=p

5 WAv
vxE=_28 —E(V-B):O

Ot v.(VxE)=0 ot )
LV B=( dm—. g,
o, =0

(b) TR P R ANIE-C BB L Maxwel T FE4

P. Lorrain and D. R. Corson
(Electromagnetic Fields and Wave) (1970)

(c) R4 R IE S MaxwellJ7 FE4H

BREMERFEEE
(Y ZHE)
B (L)
1 2 BAR I IR R Maxwell BREZFS K m X

V-D=py ab V-D=p,
VxE——a—B 5:0 I
a ot @:0 VXE:O
V-B=0 ot 5
V-B=0
= oD _
vxg-, D WO e o

Maxwell 524 B

M 2 P, Maxwell B B 37 38 & %
Newton J1%# 2 JERIRH R SR TTHR . BHEN
191 DY BB RKE L, Wk, Maxwell
F Faradayt 242 LR HAEE N 19 8 B A KB
LypLE =

LR R AN TR ERE R, EREL
AU BB A PO B BT SR AE T IR B
B4, THAR PR AR rEIS A,
MTTTIGIR ¥ LB 7 ST e 8h R R BT I 340




2022/12/3

+ MaxwelFBRESH R INEES, JTRE T W HTHIBT R
ARFHIB I . B,

> FREGIRIBT TSR T )R ARSI KR R
> YR Rk IR R FEHES T R RLRL R R 5

> TR T AR AR EAR R BRI, 5SS A
XEMER, FEADLRNFER (EE T,
BRAETI#58) HFIEBRE RR.

+ AL, XPT0MERERRRE. BRKED R
PSRRI ERERE, #RETEENER.

+ I BB R R Maxwel AR R I E KRR Z —,
BIAEBDEBOR R B, ATIERIIRPN T A
FR, LI TOF EHBERS—,

4 Maxwel'BREZ BRI P 2 B SORFET 5 T
MBS RS HIRZIZE

+ FEHEZHERE A, FrEyELERrmR
R, BSEYhiT, SO G E
HER AR, HIEEM. FIKEIEE

NewtonERE,

+ oAb, XETIREmYE L MR MER, el
Ji~ Bl B, EEAERNLR & G e,
EICABEE REN W8, IR 1.

+ HECHERAE ATARBIR 7SR T4, &
E@%ﬁﬁﬁ’ FTEENR T EYRT 7 —RY
STE.

+ B AGARE. SIBSERWEER, B
SovT U B R AR AR, S B REB 5WRAC
BEEEMNZIE, BRSNS ZCETEMaxwell
T2, FEME Ry R M REER, 2

DL NN ARIB 1, R EARE N R,

BRI

Sl T YESEENSRERZZARE, TR TEE
fEF—4 R T HRE.

4 EinsteinfEVPA) BRGSO R SRR H . <2
& BIX — 28 B R M) 22 B Newton USRI — IR
BRANERE A A E”

51




