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BRRZ5F (electromagnetism) £ # £ #F % # 77 (electric charge), # 37 (electric field) #7# 47 (magnetic
field) B AR . ERAFULCNZ LK ZAHHE. BEEHEY AN —MERZHHR.

7 1820 FULET, AMMERAEZFEALELFHTARE, AN EFRXEYH H C
Oersted, 1777 ~ 1851) KM T ity @ A s A R T MR A . 1831 4, RENEF X ELFE (M.
Faraday, 1791 ~ 1867) XA TR # A LA Z R EH#E, B A LA Td | #ZEHFK AN AREST
«ﬁﬁm&.mwﬁ.%ﬁwﬁ%%ii%%ucmmWw,m&«qmmﬁ<%%%mﬁﬁ#
Ei) PEETHARRE, #AZNRE, RETREERAHEREKR, BXT TENE#E
FEGEH—F R EARY. REXN TR, 2R HFFE TR RNEE, FitEHE
HETEETZ PN EREEETAEAS PO ERE. 1888 £, EEHEF X Z (H R Hertz,
1857 ~ 1894) M E % FiE % T st 4. 100 545K, MAHFRANRAR, ANINHE
SHAEMTEARIEETZ L F F AR EH K.
BT, EHFNKRERNEETE: —F B2 R F AR R AR KR LR T
TAEKMW, SREHEAYRE XU -2 B LA, 5—FaEEbEa T,
FAMFREHMAEER, HERNESRNEL . 1967 £, B4 (S. Weinberg, 1933 ~)H
ﬁﬁﬂux&mn1%6~)Eﬁﬁﬁ«imemm1%2~)@%m%mi,%F&$T¢mw
BB AE G — RS, A RBAHES, BeEnEEAREREERARR-#
R B A— AR RS R ER AR~ RE—ERT R
B RN N EANE. XREANELRTE, ESHFYEEFRNERE.

‘1 dhm



|-,.|_'-



KRB KRB
FHEERBIERAT, FEH
BT ik

L e IR
ot e ey

R
AL
¥

s

[

Y= AFE5HES
b H)FRE L

(i) VL 1) ) L A 5 Tty M T A2 ok iﬁéiﬁﬁf 1
1£ (1 o 7 £ 1 8 Bl i o el s B A BRI . nlip it

Wi UGB IR A R R, CRFFRLRE AR A

A LT T L M AT 5 L



EIRR %ﬁ'ﬁﬁ = AR 3

BEFAEERE I Al LA S | /)40 TR

B ¥ 23 22 2R ‘}h’ll WEH,
WG B B FE R I Y fi e

0.1 IR !

9.1.1 i 1t

NAINIHHL I % JT 4R T3 EEFE#E B (electrification by friction) Hjl %

CROLEE, RIE S R BRI R Mo, kAL, £Rid EREY

ffﬁﬁﬂf]ﬁ‘é@%“&"Iﬁ{”l\l'l"W/Jf KLk, NN 2B RE e AR e R R 22
22 20 IS 4o 0ot (1) Bl T pe o L AT X Pk B, R AT AT T BB (electricity),

AT AT [ ERTE (electric charge). JE[E|4H % a7 2 wi#k (B. Franklin,

1706 ~ 1790) ¢ /LUAIE BT, AT & Fde (X o W R fof . - (E 5245

DR s, BRRGAGEEAFMER. ARBREREEHER. £
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LA WO, IER g O, o r iyl S fi .

FEDUEM], fEA SRS b, WL AE DL S A B R PR

AT, FRATA AT A B AR TR AL T T R R

WLk e Fan. Bl
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WA R E LS g=neln=0,£1.£2,- ). H ff (1Y 11X
i U RE R BT, AN ALY (A M W, A BB AR RO @ F 4 (charge

| quantization). B4 B s b As al fEE 2L b U T 25 G 1

PLHES, FRIS F O TR (E S /g s e, BIRTIRAY 9 £0eR

REERLEER S I-Jii»k‘ficl-'L R RERRIDE R NI R F D PR 0 L

HL e 1Y 2 LR B K e AT Fe ., (e 250 b, AR o LA A e
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JHE S 4], AMIRSIEREE (B 5 MR L b R )
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CHK., EREEN—IIEEBE S — MK, SEMNIERR — DR
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charge). Bildn, HIASHE HU 22 28 15 Bl B b AR AL DR M Alr b e, o) 22
O b AT R AL R O 22 A R RS HED AN o i ¢
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9.1.3 E=HHELER

WA Z AR ELE R o & 2%, AN ST R e (AR
AR LA B A H (A 2 ) R o A, i LSS 5 ol AR 7 L 3 0 A LA R |
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FIEtE. SAESBEE/ESF R 1’E}ﬂﬁﬂ’ﬂﬁﬁﬂ“‘§fﬁi5%ﬁ
HiEL. FMRFEESER. SEHRFERRS]. X—ERMAELTE
2 (Coulomb law), HEFFk 0

P /\qlq

J T IRl 2 b F SR/ i, wTLRE 1S R s, B

J%4 (Charise Auqusun de Coulomb
1736 ~ 18()6 L E TR, 4yi
F= kT_e Ei

qi >

Kb,k HHLEIRE. g, g 2 MIZERMA SRR R R, FORFAT
HLfar (B8] AT BE 2, e, R 15&))*U17:f‘}'ﬁl"11"2 iR s r AR R, {E
B o (o7 gl e, AR A L JND R s A 8 [ )O), B
(B Ak (), FHSR a7 b 19 & u /-)

k= 89880% 10" Nem'=C "

7-} I [Pll:All.’gzi:jJ‘flﬂ~ {i’," UL 55 h D &y anJ'lm gk /'\'\ ‘
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k= ATtE,
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F dme, r & ‘
= = -
Aoih, g, HEZTHBAEE (permittivity of vacuum), YirEETREE,
{E
E‘:’l*:X.XSXI() (e N 'em
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N, DA “4n” K B AR T sRIM (l-‘.

b L ], A R oy AP B A DTl ]
e S R O BRI BB IR

6 VR 1 2 AR I ) F R 7 (electrostatic force) L
4T, WS E, 7L (9-1) Plﬁ%%l’fﬁﬁ?cpﬁﬁjl\ﬁ%iﬁqg@ﬁZ@
yEaen Sy, AT M R A e T . A T AR N
AL Ty 1 T L B V%l A7 s M 1 BT AL
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9.2 IEZZ I BIR7E Y S

9.2.1 ¥

KA JE, SERHE A S hiah— ik, sk 200 B 4 ool ik BERp e 1y
e, Gilan, WHHEAE LAk, IR0 FHi(ELSE F, 46119 5
RN, 48 TR (T I
| WU Z (8] anfal 47 (R HTAIWE? 0 s b 2 A aed 9 b AN T A £
Wigis. —FhERCHFBREMER (action at a distance) ('41 L BIA AR 2 0]
CHMER AT R A (i, AT, i A A A L PRI 5
IR A AR XL, TG R
Hiff = 1 faf
P BE1E R (short-range action) A+, BIIA AT r[_f.,J MR E O
JE R 23 R i A gy . A A el O (R) A R B 0 Al 08 A, BIIER R o4
Y, WAl TS &y
T = ity = iy
YRR SIS UER], UCER (R R A ERY . I R A A
SR, E SRS R, RATRER, R Sah e, He Y
wl s AR i, JLAS Ry e UL 4 Al g R i
Al — gl B BAT “nR AL . iS4 A A
ACHE S UL VR AR T U0 i 110 i £ 26 R TR 23 Rl e A gy .
F15RE 17 (electrostatic field).

JU

9.2.2 Wi

HLEA I A TR SRR W, A kB e 8 ol iy i i £ L 3R]
s o PAKGE PRI e, &b b f o Wi o br e . ot 3R
WL O Ay g 1Y A L (5 IR BE B AT (testing charge), 431l
EAE R S B L IS s s LS R R L,

CWTHL A UL 85 /)y, AFEGE {5010 o e W S L
| V1KV AT W 5 ] .o £ s el [ R N D L EN R S U NTR [T
£ TR Ly AN A o PRI AN AL P S S B, h) i
B A DR A L B P 2 0 9SS R B, e h i AN L s e



9.2 WsRILS
o7 g P2 i DI A NR ) R E A, anld 9-1 Bfrs, @Ak, ik F
B AT g BT i A OSSR 5 ol fof BT £ AL M I A 9, 04 SR8 R /
f'f’t\' ity T g 9 y
:P 'r PR HL Ay G ) P
F s g z;ﬂJﬂJlLléJ}JF Ak L AR A . kT, s 0@
G, Py T i S A, TG A A lU}J F S5eEg s g, q‘,&\
ALl 17 i A E K, SIS R, BT E, REi% F;
. - YL g, tEhZ A
By B A % ’q'}il‘UH‘“i%'J\ LI TE IR, JR 16 & AR i
3B (electric field strength), [HFrizsR, W E #4055, Al
_F |
E= " (9-2)
A (9-2) 1], BiphESHBRIFEE X/, EFRARIERTE
EZSHZEREZANKN, EAESERMKEREZHARER.
7 5] b 4 (07 :th e, HU SR A AL A Ll . BT & T (N CT)
SR CFF T ok (Vem™),
e AT, A5 R B ALY s I E RN W A A, E AR
] AA By e b b K. 45 F R INR T a4 S as il Ak b e, X Bty il
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9.2.3 SR s HL ] & 0 HL g 6

= BT R A58
LA R i ¢ (R A, BRI g, )
L T P, A g MR o R G, 1KY
AT g, ZRIL )

l::

1 44,
dre, r* © {

Ao, e AR AT g fRR A P A, Blle = ’L t 3y 9 1) 5 X
K (9-2) o[ 17 P LI LS S8 IE

1 49 (9-3)
E 4me, 1 °

A (9-3) wf %, uulLfnrJ..IH;ll’l’-Jlul'//;}‘-4'“)‘)1’!’-} {1 L AT ER AT PR
(ELL A g AERG, r A iemEkifi b, & R JoHE T
e LRI EAE . Mg > OfF, E Hee, (1 4y ) Al Mg <0 b \
E Y e Jim M.

2. ST RN BRIHEE

S LT g T n LT g qn s Jl\:[..‘l;"""l{['l‘h'i"ffll_',m
B, AN L Py LLF, Fay oo B W G dr e W
SAEAEIE AT g (R PEI L, D% it A st g, FRNG I F N
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R MR BIERLA g0,

E_E,E, ,E
qo o C]n [
Pty
E=E+E+ +E=YE=_—> "% (9-4)
= /L‘.u/i‘ i
l\.F:P, e, ‘)() H’Jgﬁf./ 9\“ [![]g: ﬁ H”H:E]‘W_. ﬁi%ﬁ%&%_}fjfi

I8

R, EFE— 1 ABRTERGEEREZS ST ENTRHNEE
ﬂ.E*%WW%%%EFQM§@MMWWMmmmmmdﬂmmc
field strength). X EHUIHAYEAYENT 2 . FIFLX R e LA FEL(T 508
kﬂf'ﬁﬂ"ﬂ'ﬁﬁ%, AT By HL A S T 1L Eh"cﬁiﬁ:%}fi@féfﬂ'ﬂ% o
EESHEETREIE

%W%%%%%ﬁﬁ@ﬁtww Tl 120 % B ANk, JF
Pt AL R b for A7 A 2520 A1) . VAR e R o B 2 iy
HLRrIC dg, WBE— R ff e ARl B BAE Sl iT. TR, (W pf o
L P AL R A

Aorb, r e, 45 B A ML L dq ?lJP,f.‘?\t'llﬂﬂfinl#‘fv K. MG
IECEE A e A P g g e b o

E= [dE= 47‘T€ [ %’—e‘ (9-5)

AR B, [t e A 2 Ly

R A L R T o AL, FRATTS LA 7 B B Tk
Al oI R Al R AnfE 9-2 .

dE

dE

A dg
d/

L g7 4 A
[ b ',5[']’JIL-|& /}Eﬁrﬁf& ) .UL-]';';";”] A &}l‘. 'Lﬁlj'if\utﬁ,lﬂ vy »(J

I Ag dg
=lim-y =y

Ay dg e dr Bt AT &1 ok ((Com ).
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