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CHAARARARGREAAEAZ—, ALt ritaE4ERRLEFINR
HEFEAGHL. AMMNCHEAZHITHRERKTFANKALT. 2318
HMAZHEITEITHARANIS LT, 1745 5, AB L FRTRHI(W.
Watson) X LT o FREE; 1747 %, £ B L F EF £ %+ (B. Franklin) 4,
AATemsegsd. 1785 F, 2B T4)FE 4 (C. Coulomb) LI T #d /&)
FHFRIWEE, HERFRAH(S. Poisson) F 1811 FI3IATHHE, TRT #%
it [ERHAMNAACAEZAEAZRZIRMEY.

AERERNROEERFFLHRER, RERALEIBIY FHEHEFE
B4 (H. Oersted) Z AL AT A MAERZI G2+ 506, 1820 F, &3
(A. Ampere) X I 7 Bk st AR, 1831 $ X AHEF K iEHEH (M. Fara-
dy) AR TR T4, Ahist, REHEFFEELNF (). Maxwell) T
1865 #3437 AL ML E D E®L, HEX LD
AT PR B R B EE, @ET— LRk
. B, AXSERERAGFRHENT ¥
B, T, TLEEREXMNFATAE
BRR. dodh, AEHIHARLEXRERKSG
REERBAATEREZLHEZEHEK, B,
FIHFTBEREHGRERNE, sFHAKR
DRERFPRAALLERRAAARLERY
&L

ABES AN BH L PREEHEAR
A, AAERPEAANE, REFTREL
MuRY, RETHREREE, AREEETE
FEAE R A — A A& Y fo B BT A9 AR #= % #7% (). Maxwel1,1831—1879)







£ 0E # €

AR R 22 3 # AE B T BT R B L 3%, R O #8 BB 35 (electrostatic field ).
‘B’ RYRGEENERZ - AENFESPHEAGHOEREE, RITEM
HHINEALRER—ELCERBER, SIAMREGNFANEEYHE.
MR EME S, EHERM EHRBRG T EENOPAEARNE. B EEM
WEHR, BEFHBEGBREMBHZEBXE.

9-1 mBE EtE#

FABESRE LR E Y R, XEAMMEYEROERAR P AR S
PEY) . ALY B PR O BB 7 (electric charge) , B VAR, ¥ Q
B g ®m. KERY. AEAWM, SHRNERFMABRE; RERFHEL
HF, REBRATHELZRS]. KPORTIHRER: —UYWRBRHTF. R
FHME s JRF i IE B 69 R F B M — & BB i S8 BB Fe 0 O AT A L T
Pt 4 A%

EEET 524

1897 4F, HEY I ¥ K FHMHN(J. J. Thomson ) W T BA#k 5 LKL F A fif i
b, MESET B FRIFELE. 1909 4, SEE Y I 4 5% AR (Millikan ) 38 53 ¥ 5E
BWMETHFHEMGE, RAMWBE ELOBEAFROEHR THTER - WEHM,
TS B R AR ELNEIR. « RRMRMB/DENIITT, BRA “TTHA".
HRAGENIEERN ¢, BEBTFTHTENOERMS, BMg=ne, XBEH RN
B XAFLUEH, PR R EATTRESMBUEERME, HER
R—HARTHREMS BAEAXMHREBRS LN, REZBEMOMER, &
FE BB F U (charge quantization). H FH FHRHHBEMEHR/D(-¢=
-1.602 177 33 x10°°C), MERSBRFHFRHEHBEERMBK, UBHET
HWEEM ERARH K, REANEFREHFRABREDEZSEBSF. BTH
OB TR —BE. FTA, ERREWREARE, ATUAEZEBHEANETL,
e ik E R R MR RN, “BTH” RERYHESH—EAH




FLE BB

&, MPRMEEEREFRESE/ N, REYHMBMEER. A3 SHER
FLf, XENFEERIRNA. K9 -1 DI T — LW ik B g i fi &t

£9-1 —HEYEAENETR
# oM K H, fi it/ C WO K Ha, 7oy fit/ C
H -1.6x10°"||EW= ~10 ~10?
JiF 1L.6x107" || #i3% ~ -5x10°
HA%0.3 m BER(FEM) | =7.5x10° || (250 g) K PLEMIEHRBRAE| £1.3x10
HL 5 28 (100 V,50 wF) Sx10 7 || AN A IE 5L 7 +4 x10°

= ersEze

HEEHHRT, ETHAETEMEFRES, AN EF20E 5.
B AT R B R a8, AR EED AT ELR, E. ARFE
J [ Bk B G, T LS 7 R A A R — SRR R R R TR A Y 1 A R
BEZFUSHE, REMESERE, 8MPEKPH2A LB TRETRT
FATEBRR S - Mk EE. BE, KRR FR Y& SO x5 BT
WEEERES, UMK LR, —MPhREEaFmEESR, 519k
BER TR, hmEBRRRNEER P, LERNHASFROE, AR
. R ASERRS RO SEMIEMR, WFAENFEENSRE
F, BBIWERNSELESE, ATHEMHSEIRBaME. dbaT i, BEE
EhMBERNASPORETE, BEATNA-TUEREEDS -0k,
NP — BB R S — BB, LRIEW, E—150RRERE
THURGH, FTABTHREMNECAYEIRFRBAE. XTHELRE
g5k p A BT EER. AW ELRIEN, afTEERAUE—
Y1 WA G p R SL, T ELZE — Y1 SO0 AR (B A0 B A AR T R )
L. BASFEERREYHEYE TSR TFOESAERZ —.

1785 4F , 3 [ 4 B8 2 5% £ A 52 0 45 SR 0 45 Y % Al 7 22 [6) A T AR R A
A, RuECER HERN: EHEFR, BIBLONIEHZEANRAE
RHF, SHAEHHEERq, g WRRREL, SENZENESr
WEFBRIL, AWARREFEHNER HBERALN

P (9-1)
r

o, FRRERH g 3 g, BERN, e, RFh g g, WRMERE W



9-1 ®Bf EtER

R 5¢R85, Fe,AHEm, IHFhH, MBI -1 5x; MEq 5q,
RS, FS5e, MR, A% N FAEFARE, iR
hEBRFTAMBNRE. EEFRAAHT, ETFaBEN d
BRHESEETNARAYEE. KiE. K. o @A p
M. EMNORMFHIE m(K), kg(FR)., s(F)F A
(ZH). XM EABBHENEELAN, HGZTEH 4
BAUHEXEAEARNSH, WEFROAMN C(E
L) (HEFE). 1 CHBRETER, RESEFTNERBEN Bo-1 R M
LAR, Bl s ARESRHEETOBEAE, B Z R WYER N
1C=1A-s (&g 5 AB)
EECERD, ATEITEBNBEMNEE, FhTLERERME. REZBLWE
k=8.98755x10°N+-m” - C?
ATURFE, BERAF—KE -, ﬁk—ﬂ; [ii]
£, =8.85x107"C* - N
A EZ 8 B B (dielectric constant). @ﬂ@ﬁﬁﬁfiﬂﬁ[%j\j
41T€0 qlr;he'n (9-2)

ECEREEEATRELGERNOAE, REERPEFTFREAEHEHR
HURERENERAEE -EREYBERXLONME BREEFHNIRIUBE
2R ERME 107°. TMARERNK o K FXEFRABS LR, TJiELER
rfE1077 ~10 P m RN ECERMEERY.

NAECERN, BEEEUTILA: (DA FHARNAREEMN BTN
L, QEFECEEAEATHASTHABE, MESEMERFTREXSH
IMAESEMNZEMNERMEL/MEE. WA FEENEREBTELFHS
HEXXEE, TUEEHSER MU A, S BAHRERTHEMNEE.

YR PARAN LS BRI (0 9,9,,9,, 7, q.) FEN, ERES—
HEH(Me) LHEBENF, STHASKBHRAREENERTZABRH
LTW#EB S F R EM, B

F, _ZF Z L %%, (9-3)
0i

HammANBMER K r A8 i(i=1.2, )T RBFFIE ¢ KRE.
FUE, fAECESEMBEANEMEE, TLORBERTBEZEGH

B 7.
(#19-1] A&KARFP, €FARFFH P, £42r=0.529x10"""m )3 & KL &

F=—o




EhE BED

mﬁﬁ#ik.&ﬁ#&ﬁkﬁ%ﬂ%?#&%imﬁ#tﬁ#ﬁﬁﬂﬁ,*mﬁﬁiﬁ
X

[#) #ALEZHAE, eFRAFIAGRLYA
1 049 1 _ (1.60x10""

B )3 -8
. = N =8.
dme, P 4x3.14x8.85x10° " (0.529x10 )’ SAREIE

o FARFZEG TR A

m,m o 9.11 %107 x1.67x1077
F = 1 2 =6. 11 1 = - 47
. =G : 6.67 x10 " x 10 N=3.63x10""N

BohEFHIAIMA
Fn_ 39
F——226X10

M, BFRETZE R ERAAS N, Bik, SW0E
GERRAT RN, AEREEBR, MAKENZENAARSN. ER
FHARST, BFRSTFHRMAREKE, EII08EHESRLOHR
FeRES.

O—2 ®HIFERE

5 |
e

A S R R T P S R 2 (8 B0 AR AR R A, (B XA RN
%ﬁ%-%ﬁZ@ﬂuﬁ%EéiﬂﬂE#%,ﬁ¢$$ﬁﬁ£t%ﬂﬁ%
. A AN EZ R R A MR, BT R Bl AR
ﬁﬁ%ﬁﬁ%ﬁ,ﬂuxﬁiﬁﬂmﬁﬁﬂﬁﬁﬁmﬂﬁ,ﬁﬁﬁﬁmﬁ
“ﬂﬁﬁﬂ%%ﬁﬁﬂmwﬂﬁkiiﬁmﬁmémt,%mTUﬁEﬁﬁ
ﬂﬁﬁEMMﬁ%ﬁ%mﬁ@,%ﬁ%ﬁZEWi?ﬂ%ﬁEf%ﬁﬁ%
“%H@ﬁ%ﬁﬂ%*%ﬁ%,EEﬁ%ﬁZ@ﬁ%—&EH,@Em#%
Eﬁaﬁﬁmﬁﬁiﬁﬂﬂmﬁﬁﬁﬁ,ﬁﬁﬁﬁ%%ﬁﬁ%ﬁﬁ,@%%ﬁ
B (A], SRROUR AL A L BEAEAET TEMC IR FE T FRE T SRR
%ﬂ%.ﬁﬁﬂ%%ﬁﬁ,ﬁ%Tﬁ¢ﬁ@ﬁZ@%ﬁE¢m%ﬁﬂﬂﬂ%ﬁ
“%"W%ﬁ%ﬁ%-%%ﬁ%iﬁ,%ﬁ%5%§%%EE%EM%ﬁ,E
ﬁﬁ%*,ﬁﬁﬁmﬁﬁmﬁﬁi%ﬁ$*.m%%%%%%ﬁﬁﬁﬁmﬁﬁ
ﬁ%%%%ﬁiﬁﬁﬁ,M%%Eﬂﬁﬁﬂiﬁ.ﬂﬁ%¥@WHﬁEkW%
m%u%ﬁﬁﬁﬁﬁﬁ,—ﬂ%%%ﬁ%,§%ﬂ~E%W@¢%¥WE%—
Kb, 5 — 4 e b BT AR R 28 K SR — BB ).



9-2 EBIHBE

Q

HHGMEHBGRENFEN, EM—-BROTEYE—F, WEARE.
HEMER, RYBRGFENS —MES. BR, ‘& ART-ROYR, &
ZHBRT, LEYREE—NZ, BEF - EWSEACE, TH S HE-
EVEE R, MEATUEM. SRGHYRERFECLTREZLAHE
WF, 7RVBHRAHK. Hit, BfR “5", OHAE “5” @6
HoL. XEEGRMR, B TEMNERGPRORTENNER, BTERITEN
R ZANAES MR GE RN — T EAYERE —HaGRE.

. FE 37 58 B

BHYBEEENEREENBERXTMEAAERAD. AAX—HR, R
AT LA — XK B ¢ MEBRGTRER “5” BREFE, MR q ZH, #
HABGFE. RINERILVAMEXRERTLIZE, BBt q, B/ SBHi,
g DNIENFIIARZTHENREFEREBGH 6. LEBILMKEEHRY
H, MBEESLZINBEG N F. e REBRBGPHIARR, ;¢ EE
BRZRAMK/NMBHERHER; HEK F 5 q, AR F/q,) hZ AR H
F; M7EBRGPE—R, BZEq WK, KHq IZAMFTEARZE, K/NE
B2, B e IIZAMKMDE g WIHIE F/q, RARZER. SR, X T
B AR — B8 RORBE, HfE F/q, B— TR K/NHJ5 10 #8 5 X 5 B X
XHWEE, ERBRTHZAGSHHER, & XK BI1%H%EE (electric field intensi-
ty), FFRBE, FHE ®x, B

E=—Ii (9-4)
')

PRI bt e, 3 o B b B B 3 SR B RE SCA X BE— R R, FK/INE T 8L L T 7
BALZ B ER A B KA, FHO7E 5 IE R R AL 3 B ) 5 89 75 1 — 2
FEEPRRAH P, RGBRENELRE NC(HEBEEL) K V/mn(REFEEX).

MREGHEENGROKDEE, FTEMER, XEQBGHRANHSE
. %9 -2 5T R Ry KRR EE.

£9-2 RETHRENEIFER

#om K BFEE/(V-m )| W B & HHEE/(V-m™")
= WL ~3x107? mERSBEFE AL ~3 x10°
b T PR 3T ~120 ARFHEFHREL ~6x10"
ET = M ~10* Pk vh B ) R T ~10"
B EREN ~2x10° R RE ~2 x 10"
X HEREN ~5x10°




BAE HEH

HOHMB PR GHNGR E, WA ZSMBRTE ¢ FZK DR
F =qE (9 -5)

B semnasar
MBES A BN ART, ELARNERGEY. RER—RABE
fig BF P&, 5qMiEr, BEECER, AT q LHRBRHHR
1 99

= e
dme, * 7

wEE-L %

qo

1 ¢ ‘
E= = -
dme, 7 (470

Kie, BH g i P RHRLIRE. MR ¢ FIEART, WE Se, Fr; 1R q AR
Hfif, W E e, i, BIERE g (9 -6) RIH LM L AR89 50 i S A,

CEEETIVIE)

R RER 0 A SREE g,,0,, 0,0, SERBORE, X LB SAETR A

MR RIBEHHOEMFE, RREH q ERETROBFHHFRL P LK
Z 0% T A& R RMAEER X g, (ERI R KB, B

F=F +F,+- +F, = >F,
izl

PR LA g, 18
F F, F, F,

_——.+— e +_
90 90 Yo 9o

IR L B A B TN R B PR R, T
S P A RIS, B

E=E, +E, +- ZE T 9 =)

R, REFREZEE— .ﬁﬁﬁﬂﬁ&ﬂ@%ﬁ%ﬁ%?%"ﬁ@.ﬁi!ﬂ#&ﬁ
EZASAMMLNFENERN, XREFERMRE.

SR 3 B e T T LR RGE SR A G, FRATT AT LA L A 4 IR TG PR 24 e
#i 9t dg, W—A R TAIE RS R, TR A TR S P AR SR dE A i
K (9-6)15%

1 dq

L 9-8
4176'0 rz ¢ ( )

Khe K dg #510 P S RAIRE, r dg B P IMBERS. HEFTA BB ATIT

dE =




9-2 HHB\WE

R
S

EPAFENGRABREM, KATUBE P ANLGR M FESMMHHH
fir, (9 -7)MLUBMERXRE, B

E = [ = 14;80 ge, (9 -9)

BRI R, ¥ dE W A A BRI = A4 dE,, dE,, dE., %8
% A A 9 5 BT LRGSR AR

E = de_,, E, = de,, E = jdE,

[ &2] E=Ei+Ej+Ek (9-10)
HK/MNR = JE. +E +E:
J7 1 B = AT [ R E
E, E, E,
SRS cosﬂ:—E'—, COB YR

MFARBEFAIH, R(OO-9) PRI HFRRAMEREER. N FL4H
fii o TSR FR A, dg 43 3R AR B
Adl Ko T
dg=]odS EHH (9-11)
pdV (&5 Hi
Hepdl, dS, dV a5 RLT, ERITHEBEIG; A, o, p AR NEHLE
B HEEMEERE, HEXSHH
dg dg

d
ol==l.s-pat (9-12)

ATE ds

ENEEE LD

M BT IE AT A, REAES YRR, W SBEANZEAR
(9-6)k, RIEG RS FERE, FEW _E AT RIKR AR AR 7E 2 8] /8 58
. (HESL L, #E JABRA AN EE, RIAEBLERES
SK A5 AH B B ##% A 7.

[#]9-2] #1848 F (electric dipole) 2 HAA K NAF ., HE5HARGELHF +gf —¢
WA E TR Rl RRgl=pikheiBHE(MAELE), IOXIABELH
ZEGES, I FTHEACHHROELH. Xt AL BRFEREPTER LGB RS
. HitR e BEFEN L P LI e

[#] (1) ReBRFEKRELGHBLSA. wBI-2(a)FfF, EEKLLER—
EP, EHGBHTPEOMNEESr, WNERFH +qfo—qA P EHIBRAXIHFH

1 q
Ep, = —L
P* T4me, (r-1/2)7




10

FAK #HEP

(@)

H9-2 #Hl9-2HH

1 q
E, =———d4 _
P " dmey (r+12)°
BHEFEOME, B EHBHRDHA

E,=E,, -E,. =— 2P
o Pr " ame, (rF =Pr4)?
Hr>»let, A
1 2p 1 2p
E,z=——— & E,= =
P ame, P * P ame, 7

%% E, 0% G & IRALIE p H F @ — K.
(2) R BUFTEHLABBEHF. LBI-2(b)FF, ALBR T+ &EH LML

R4 Q, S0 +qh-qB QENEER /T +1/4, EMNEQEFANHBRNFT AR
B, 2XAa¥, &

1 q
E =E o ———— —————
e T T 4me, F +10/4
B, QLM EBRIIA

E,=E;,cos 8 +E, cos 8

wETAAE
12
cos = ———
Jrltsa
WEBHBHR DA
1 P
Eo=41'rg T2 3
o J(rr+l"/4)
Hr>>iw,H
1 p
E()"4,.,.l.€0 E
R . -1 p
BEAKERA Eo=fme

%R E, 50 BBED HF QMR HERLA RXTEF TR LY EEEE N
R AGEIE D Flot LR TF AL ANHREIEE )3 KFREIE, B R B
P REX-LEY £ 38



9-2 HHBE

(3) #BI-2(c)i+, CoLBRFpLEXHNLXAHRE, Miqh —qEB P&
GHPHNA +qE o —qE. XBAAHXINE, TOME, RE—FL& L, HA—2
B HBERZBHRTIALOHE RABEH sing, KIEHKIH

M =qElsin § = pEsin 6
AEAEATHRM=pxE, MSFQELTHGOE, "M, p, ELAEFA%E.

TR, BB PHLBRT, ANEOHATELA LSS, 35500585
I—HN, AESE. e, LSETF L TR R,

[(#19-3) AHAPLAKEIE—S R B B(EXLEEREA L).

(%) RPAENALWKER OHRS,
A Ox BHLEL, OyiBE P &, ol
9-3FF. KE dr LAP B R FH dg =
Adx, EEPEAKLWMBHEIE H

dE =A%,
4mg,r
XPr2Mdeis@ PEtikE, ris ks -9
=(+d). RAEB rthz MM R A S fe— = dx [~ x
6, M dE & x thfo y O B A 5 E 8 K A & _,
% Bo-3 #9-3FE

dE, =dEcos §, dE =dEsin @
By :s#hAdm, B&JE, =0, E,:de_, =0. ME9-3 T,

x=dtan(0—%) = —dcot @

dx = desc?6dg

2 2 2 2
P =d +x* =d’csc’d

dE = -A—cos 6dé

47me,d
R dE, =:qf\e—0§sin 6do
HLrmifmy, A
E = J'dE, = : 4ﬂ);0dcos 0dg = 417);0d( sin 8, - sin 8,)
E, = [dF, = : 41T);odsin 6do = 4w/:0d(cos 8, - cos 8,)

FivA P &6 %A , E=Ei+Ej
WwRX-HHB L TARAMREKY, K9 =0, 6,=7, A4

_21r80d‘]

EXAYW, ARRFCISEMEL SO BBRESHIHAFP L EANER d AL, Ed

FEEELTFTRIFE. FAHE, EZyHOEFTE; ZFAAR, ESyHEGHFTE. A

FUARSARKGmALERL, AR L IR PHEREG B (d <L) LELMK L.
[#19-4] #BI-45F, XHHAFLHNFBHALEERCH s RO P EWHHE. &




