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VIIL. A Dynamical Theory of the Electromagnetic Field. ByJ. Cuerk Maxwerr, F.R.S.
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PART L—INTRODUCTORY.

(1) THE most obvious mechanical phenomenon in electrical and magnetical experiments
is the mutual action by which bodies in certain states set each other in motion while
still at a sensible distance from each other. The first step, therefore, in reducing these
phenomena into scientific form, is to ascertain the magnitude and direction of the force fasu

Maxwell L. 'SR I THAHIEER ) %6

TOKYD TECH—
466 PROFESSOR CLERK MAXWELL ON THE ELECTROMAGNETIC FIELD.

as those of WEBER, which expresses the number of electrostatic units of electricity
which are contained in one electromagnetic unit.

This velocity is so nearly that of light, that it seems we have strong reason to con-
clude that light itself (including radiant heat, and other radiations if any) is an electro-

magnetic disturbance in the form of waves propagated through the electromagnetic field

according to electromagnetic laws. If so, the agreement between the elasticity of the

medium as calculated from the rapid alternations of luminous vibrations, and as found
by the slow processes of electrical experiments, shows how perfect and regular the
elastic properties of the medium must be when not encambered with any matter denser
than air. If the same character of the elasticity is retained in dense transparent bodies,
it appears that the square of the index of refraction is equal to the product of the
specific dielectric capacity and the specific magnetic capacity. Conducting media are
shown to absorb such radiations rapidly, and therefore to be generally opaque.

The conception of the propagation of transverse magnetic disturbances to the exclu-
sion of normal ones is distinctly set forth by Professor FArapay* in his *Thoughts on
Ray Vibrations.” The electromagnetic theory of light, as proposed by him, is the same
in substance as that which I have begun to develope in this paper, except that in 1846
there were no data to caleulate the velocity of propagation.
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Self inductance of straight line

1.4 [nH]

Straight Line

|
R e B S
f L=1,000pum
Uot 2¢ 3
L~ log———1| --- (1
27T<Oga 4 D

If the cross section of the wire is 2umx2um,

wire resistance is 6-9 Q, and reactance |oL| at 1[GHz] is 10 Q
Reactance due to the wire inductance become the same order values.
This shows the importance of the modeling of wire inductance. At
least, we cannot ignore the inductive component of the wire.

Eqg. (1) was derived by Rosa: E.B. Rosa, "The Self and Mutual Inductances
of Linear Conductors", Bulletin of the Bureau of Standards, Vol.4, No.2, 1908,

Page 301ff.
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i i [ — i through 1cm inter-connect line,
Rising time of the pulse  -> 1, =(1/20)(1/) 10°2 RC Treating Area the transmission line is required.

The condition that the inductance components can be
neglected results in
“ The rising time is equal to (or less than) the

1073 10 2 101 100
Interconnect Length L Icm]

Interconnect length less than
100.m can he treated as the
conventional lumped RC circuit

10

twice of the delay time of the line.”
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Fundamental frequency of pulse: f f — f
Critical Frequency: f,

at over several tens GHz.
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44 > E—4 > Z (Characteristic Impedance)

Z = |2 =1207~3770Q
E

Kazuya Masu

Characteristic Impedance / 188

BRI

In TR line, the impedance is given by

Z = 1201 2 [Q]

ol

D-«: LargeZ,

bw—>

How is the maximum Z_, ?

Kazuya Masu




Characteristic Impedance

® Zc increases with increase of D.

T 500 ? /190

BRI

RIBHREIRES X . WA FZL/NSBIFRIE—F
VRERDD,

B UE—SF R

z =Mln[§)

° 27 b

EHEX

RLOSS :i L_FL :i E i_i_i
2z\ad bd) 2z\6)Lla b

® |f D is too large, EM wave does not feel the existence of AR 1 1
metal line. EM wave propagates as it is in the free space. (Jrj
. . . REEDEE:D _ Ry 2 D
® Zc larger than 377Q is meaningless. In this sense, SR EE 2 a= 57 o a
available maximum Zc for line is 377Q. ®EES o ° In(}
Kazuya Masu b Kazuya Masu
AT, 500 ? A Outline i
T”’?’"H”— T”’?’"kf”_
L8 ] Rossingiiaion . e Rossingiiaion
1 vy 1. BEXEBREBERTF
a  [a 9% b 2. Maxwell® A2
L
a 3. MaxwellO AR ELSIZF AN S4 %
at—E D& ! bAY—TE D ! 4. BBETIVVICERICILDOEMR
5 10 =
\ . 5. RFEIEEREH-BEHHEM
5 6 1. BEIROMSERFAE—F R
. , 2. R AR
1 2 3. RIEEBHEEDERA
4. LONDIRBOFHEAE—FT R
0 2 4 6 8 10 0 0.2 0.4 0.6 0.8 1
| 5. fali. RERIE50WHED A,
" " 6. ELH

a/b=3.59112 T/ Kazuya Masu
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Impedance matching in RF circuit / 193
fﬂ"?’”kf”—
3770 N |

®®_

2 g RT7TQ T
for A/2 dipole
BPF {5 LO
—/

DUR

Question : 50Q matching is

required ? ® ®

e Transceiver with discrete components requires
impedance matching between components.

e In one chip CMOS RF, impedance matching is not

necessary. Kazuya Masu

Why5009 / 194

" ﬂ"?@....f?’.’-'”—.

® This topic returns every several years.
® Discussions are well summarized in the books.

| nI=F-garuy

HIGH-SPEED v
SIGNAL S

PROPAGATION

ADVANCED BLACK MAGIC

Planar Microwave
Engineerin

Japanese version

Howard Johnson « Martin Graham

Planar Microwave Engineering: A Practical Guide to High Speed Signal Propagation: Advanced Black
Theory, Measurement, and Circuits, by T H. Lee, Magic, by H. W. Johnson and M. Graham, 2003
2004

K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, FEb'l@aﬁwg'Masu

Why 50 O 2 %
® In the respect of signal lines
B Coaxial cable
B Microstrip line

g )

® In the respect of impedance matching to
antenna

K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, Febi@amg'Masu

Whya0 Q39
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® Loss due to the skin effect
Loss minimum at b/a ~ 3.59
Zox 77Qforeg =1

Zo= 50Q forg =2.3

= 0.14 |
\/g_ (1+bj 5 “ €=2.35
- 60r ba E 0.12\\ 7
a |n[ ) = 01f\N—A4
a 2 \ ~ e=1
5 0.08—\
c
Z=m()  E o ——
VE: a 20 40 60 80 100 120 140
Assumption: b = const. Zo [Q]

K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, FEb'l@aﬁﬂpg'Masu
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® Maximum power
deliverable to a load

P..x at b/a =e¥2~ 1.65
Zo~ 30Qforeg =1

0 20 40 60 80
Zo [Q]
K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, Febi@amg'Masu

Zo~ 20Qforg =23 0.2 ™
= T -
Jz b = //\\\\
Poctrt E,fm{a2 In[—]} g
60 - : a N/ \\q
(]
_ hd 2
Z,= e In(a) < £=2.35
r 2 ||
Assumption: b = const. g 0
>
=
o

Why5009 / 198
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® Microstrip line on the board

Large radiation/EMI

W and crosstalk
Radiation Crosstalk

Zo : Small f Zo: Large
Difficulty in drivability \ Trade off

Appropriate became to be around 50Q2

Assumption: the same metal width

K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, FEb'l@aﬁwg'Masu
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® Impedance matching to antenna

*Z..4~ 77 Q) for A/2 dipole antenna
*Z,.4~ 33 Q for A/4 antenna -

Easy matching to antenna — M2
might be a reason why 50Q2. —

rad

K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, Febi@amg'Masu
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MaxwellD AFER
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@ EFE M IRERETIX. B [EIERE b%?lﬁlﬂ%%ﬁ
ZE[ZTI. FICERMERRIE. ERERTE
Efiéﬁﬂqlf‘yb’j‘7zl~°tbft\é

O -FICITEDNKIEICERMA[FZERIVHL.
M DOEREA a%%%@%ﬂﬁ%”é%ﬂ&(:t%
EETHA A5, miilEMagnetismH EE(C
HoTLh5, JE_H"C BNZLD T, DLIXYEED
ﬁ-q*(iZ‘g—CﬁJ%')o
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TNy TS~

® MEFLSEED2EEMICE>TEHNEZEMRTIIIHIY. MEYDED
BHRFICETIERZHRAR . SERBFIEFENEERA~DERE
[CDOWCERLTESLITINEBEITRT ENTELGRLMTE AL,
Maxwell D HFFERX NS, TEAHZ TR BRITEFHRE T ERETH U DT
FOELFELED, BN ENFREFHE(TRTICELEAI 2T
DIFEEE>1=,

o ZLDEMKFEDAREZH A, BHMKFZDEAICITZNERRLIZADLE
‘Utl,t)ko)% AIAEEON TSI EEBREH L. LAL. AVDFIL

WXIZHEADBEEM>TLSKMNRBEH SN TLD I TIEAEL, — X

Maxwelld)ﬁﬁ:‘:ﬁ'(*ﬁ;éo 2 NS E D5 MaxwellD B T2 [EHeaviside
NMEDT-EDTHDHEFERPIZH BRI, SHRLANNEHIZLEET,
L. BLZDEZDRZEDEHERENRHIDEASLEES L. FFE
BloTCEREANCHLOTHEEZRLIEZVLKIFLICHS, F1-. FFIC
FEOEDORIIZEHDIZEEEL>I-DILEETHD,

o HZ KEE—EEDKIIEHMAEZR > ADILETHRINTS
U, BZHRMHEENSITEATEEAVATH D, HEEIZDNTIX, BHI
A NIEWikipediaTENHEY DI EEXTTHBIENTEEIEND
hot=, Kazuya Masu

BREAEBLTREST-CE(2) /203

o FADAXEFEBRBEMICATIZETHYBHRRETIILL, KED
HHTNDA, ERERFOESIILECELEL, TLABRBER T
BT TELOTERETHD, COFEBELSIEZITTEILEREL T,

0 PUEHLKKREFRL I EITL =, LT RSIZHEEL TH =, BEIZHENIETEL
THb,

0 —LERYNLEEMIFIEALTNAIENBHRTH D, T RNTNLEITIE
BN TWVEN DT § o TS KEEBORLLA TS EELEREY
MmEEALT=, < /C. o1,

o HHmAFrBHREDHRELZE -, SLIZEFLANLLAFVEEDA
BAREWE =, BT, BV =E T OEEEZE -, RAEDITTE
LY, ST BT,

0 FTEHL AMMEDKIZLEWNTH LI ENENV LN >TES, T 1EA
FALEDIEENEIAMNZ-TLDEESLIZ, BRI EE R
FCHH AL EMBATIHALEENITELEN VY EA>TET-,

o HEHMANMERLEESMEFOERLBAT,. HATHL2=2EIEHLY,
(Bot=mELNANA, DK ELEREBED FIBIZEFE>TULVALY)

Kazuya Masu
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® BHRFICRLY . #if-aleE

EH—

® MaxwellD AR LFHRMEREERORBHOYH N FBE TSI L&, #
FRERTHo =, Tz WO DREEHR R TE- (BT THLA) 2,
LEVTH-T=,

® LESET.F-HNBHERZREEDHEIZENDDEN, b TH
BE T A Xk, HEIIwebTHR A, EICh B> TH D, SRATHDZ
CIFEELERS, TPFTIME. 2
ZE5O ITIIGRULA, #5501,
EHOUVEASTBE/ ND B,
=L, EHOUHLLEB=6
(:liﬁﬂ%“%%’ﬁﬂbéo E:5]

Aoz REL. TDARE

%Ebf)\uwﬁkbtt%k [T =]
WERRL S,

" CEACHE
O+ RlE 0 55

MBIEFHEED—BEn(E
EWTHS.

Kazuya Masu




2 2alL—ARIZD\T,.— 5 /205

BRI

® EEHTYIAL—RIIDNTHMN =M o=V TELG I o T=,
® RIAEIIAL—FEFIATOANZNZHIM, Tt 3a
L—5%&Eo1=Y, Eof=Ceh'hd. EDEEDHINFT—F
TEEBIIREELITHD, PIZ L. FEREDLIGETED
HAEDI,
1. BELCHEEZOL, MR TR BMEELI2L—1av L THT,
—BYBILERRT B,
2. FHETHELT VIaL—YavORE—BTHILERRT D,
3. HEMROF—F—NEOTLBILERRT S,
4. FADDNGA—BEFILSEILEDHRN, BT TERE—HL
TWBHEHRT B,
® BRHYD/INIEZITDIFEZIENEETHDILER
BLTMLL BREALICOIAL—2DHEROEZELSHS
EFZIFIEL TR !

Kazuya Masu
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BRI

BRI FEEREROB R D

. TIARARY (w,)  BERFMER (1,) . FEEEFRE
(1q) DFFIZALILT 5 T AL DEROYERMER W ERD
R o

—

2
2 _ €” Ne _ 1 (70_7:7151:&'%()2— 1
YT Tem T g, 0 T Ew) (R

2. BAERBEFHHEICRIELTHBALTH =L, (EFNF
NEERDNDALY)

3. REMRERERSOEFRDBHHELGRIIE,
4. ERREDROBHELGRA
5. MMHRDOBELGRALLZDBHETRT L,

Kazuya Masu
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BRI

BREI[FLEREBOS AN

Slow waveD&EZ A,
EFRBBOEFRFFLEREE,
KEERESARITOHBETY > TFDERHA,

EEEBRREHBEROALUMEETRL, BELALVIIEEIR
R DHIE,

10. Maxwell D AR K ZMBCEVVSEBAT. EBRNDEERLFESE
E(BITR), FEROBLGEEH—MIZEERLTHBC
L. BILZBEDMAARERXZMNTLNDIDENDS,

© © N o

Kazuya Masu
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TOKYD TECH

Maxwell DA RBXZMEVSIBRRT. ERDEBREFER(BHER) . FEAD S
[k i DI eI R S

® DrudeDETIVIZH-T. ARDFBREF I HIMED LR

BRERKEL D, w2
er(w)=1-— = (1)

w0? (1+j)
® EFDEHIHEUGARFIRBER (Eor(t) = Eox(w)e/)E
RELTERHET B,

w 2
er(w) =1+ L @
(wp? —w?) +jg;

o )X (T, RIMREIBHMRFE] p.272 [CR#dBAH D, (1)&
QR)DEVICERTNIERLNMET,
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® JSXYEFEEADrudeDXERHBFEIC. EFDEE HFE
REFECRTHEEIZ, Lorentzbu%’&%zéo EHAERXIE

aroexy. — wp?
0%v(r,t) L1 10v(r, t) ie’n, e E ;
ot2 T Ot i eomiv - om 3

\

________

® QRXD—ARFAEIL. v = CietPrt + Cre Pt THY.
1 Ta\?
P12 = _Z_Ti]wp 1—(?) -+ (4)

o (HXDYEHEKRDEREL?

Kazuya Masu
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® E,,. =E, et OBEIRSZEMZTI-ELT, ) DM HIE

HXDFRERDDE, (RIS,
® RN, FERZESXHEEZDHIRUNTH,

® Maxwell D RN DEFEFETRYIAAZMA AEEXE
KRDT. ZDEERDD BEREHLLTEFIEL54%
ANRALTET, TSAYEARBOGRPZELIZY . EXRLLES
R ERBINEOFANTESIET THS, Maxwell D HFE
XDETELTIT@mBEL, F-. YENGHEEEEBTIOD

[ZU0EDDT7TA—FMERB-TULVS,
® CNLIZTDONWTHEHMICEAIXERALZLY,
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® Bessel's differential equation

d?u L1 1 c')u a?
dx? «x dx

1 —x—>u =0 DFEF. J,x) &Y, x)

Jo(x) FE—FENyt LB
Y, (x): EZfERy+)LEAE (NeumannBa£0)

B (=™ X\ 2Mm+a
Ja() = =0m! Im+a+1) (E)
Y. (0) _Ja®) COS'(aﬂ) —]-a(x), Y.(0) = lim ¥, (0)
sin(am) a-n

nisinteger KazuyaMasu

(&%) Modified Bessel functions
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ECH—

® Bessel's differential equation

d’u 10du
dx?  xdx

e

2
dfu 10u (1 +j_2)u 0 ORI [0 E K@)

I,(x) EB—REEBAYE/LE#
Ko(x): BEZRBERAYEILEK

Io(x) = j7%q(x)

Kazuya Masu
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I

NOMV=EFE

B (A-B)C+A(B-0)

B A-(BxXxC)=B-(CxA)=C-(AxB)
B AX(BxC)=(A-CB—-(A-B)C

B AxB)xC=(A-C)B—-(B-0)A

Kazuya Masu
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" ”’?TF.. Lot o

® GaussD HENE &
= divAdy = ‘nd
fvgradqde fsd)ndS -fv ivAdV LA nds
® Stokes ) TE IE
A-dl = A-ndsS = A-dS
£ Lrot n -Lmt
® GreenDEZER

fv PV av = fs (¢Vp) - dS — fs (W) - (Tp)av

Kazuya Masu
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RIRIL DS

s
grad (¢ + ) = grad ¢ + grad ¢ !

grad (¢y) = (grad )y + ¢ (grad y)

grad (¢y) = (grad )y + ¢ (grad y)

div(A+ B)C = divA + divB

rot(A+ B)C =rotA + rotB

div(¢pA) = (grad ¢p) - A+ ¢ - (div A)

rot(¢pA) = (grad ¢p) X A + ¢p(rot A)

Kazuya Masu
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d ”’?’””/E-'-'H— be

® grad (A-B)
=(A-V) B+ (B-V)A+AXrotB+ B XrotA

® div(AXB)=BrotA—ArotB

® rot(A X B)
=AdivB—BdivA+ (B-V)A—(A-V)B

® rotrotA = grad divA — 7?4
rotgrad ¢ =0, divrotA =0
divr =3, rotr=0

Ly

, , .9 .
r=ix+jy+kz V—la+]5 p

Kazuya Masu




NIRRT AL g
I
rotgrad p = 0,or Vx (Vgp) =0 divrotA=0,0rV-(VxA) =0
a d d . i
gradq,’)=i—¢+j—¢+k—¢ i j k
ox "0y 0z @ a8 a| (04, 0A,\ (04, 04 04, A
rotA=|= 5= | =1 Lo e T 3 [ A
i j k dx Jy 0z dy 0z 0z ox ox dy
a a 5} Ay Ay A4,
rotgrad¢ = [0x Jdy 0z|=0 div rot 4
d d a
% a—¢ % _ .i_l_.i_l_ki (04, 04\ . [0A, 04, Kk 04, 04
Y “\ax ey T e M\ ey T e ) I\ T o ax  dy
a [0\ 9 (3¢
dx \ dy 0z dy \ 0z d0x d0z \ 0x dy
9 (0p\ a0 (3¢
(rotgrad ¢)y, = —| =) —5-| == ) =0
ox\ 0z 0z \ 0x aZA aZAy azAx 62A aZAy aZAx
— z _ _ A + _ — 0
a /0 9 /9 0xdy 0x0z 0dydz 0Jydx 0z0x 0z0y
(rotgrad ¢), = —<—¢> — —<—¢> =0 A A A A 0
0x\dy) 0y \ox Kazuya Masu Kazuya Masu
(&%) BesselEzk / 219 (&%) Kelvin functions (1) /220
T”"?f?...:’.—'f"—.'.’t’T T”’?f?...:’.—'f"—.'.’t’T
/ /]1(x) \ I°Ej§——’ L ® Definition:
L0
05 %]i(j)(x)— 5 I3 (%) = B The Kelvin functions Ber;, (x) and Bei, (x) are the real and
. \ I,(x) / imaginary parts, respectively, of ], (x e37/%), where x is real, and
N~ | P g yp ’ p Y, ]V ’ ’
00 0 J,(2), is the v th order Bessel function of the first kind.
V s d Jy(x e73%/*) =Ber, (x) + j Bei, (x), where x is real
FE1FENvEILEH / FIREERAYEILERK
-10 L | —10 | | |
-20 -10 0 10 20 —4 2 0 2 4 B ( ) 1 1 x 4 + 1 x 8 1 x 12
ero() =1- 57 (3) ) ~ @)
10 ; . 20 N2 N2 N2
o) Yi(0) Vs(x) Ya(x) \\ \ . (x\) 22.) 2 (64.) 2 lg.) 2 y
o A S VW o Beiy (x) = L(E) _L(E) +L(§) 1t &)
/Mm \ LD W 0 1nz\2/ ~ 3nz\2/) T (5n2z\2 (712 \2
0.0 Wc :: c’ \ \ \-—K4()é) . -
///% * NN —_ A _ 14 o r_ 14
08 00 g— e B 2 et s \/E
I // P DR EOEE ALK — gz 1-j — g —1—j
10 ) ) 05 | | ) -] =e 4= — —|v-] =e’ 4 =
0 5 1 B © 0 L 2 3 by el 2 V2 Kazuya Masu




(%) Kelvin functions (2)

® Some relations (x is real)
Jy(x e73™/*) =Ber, (x) + j Bei, (x)

/ 221
i ”’?’”"EH_

Jo <i _\1/2:”‘ x ) =Bery(x) + j Beiy(x) Io (i _\1/2:’} x > =Bery(x) — j Beiy(x)

To <i 1\;; x > =Ber,(x) — j Beiy(x) I <i 1\/2_]. x ) =Bery(x) + j Beiy(x)

A <i _j/;jx ) =+Ber; (x) +jBei;(x) I (i _\1/21-jx> =Fj Ber, (x) F Bei, (x)
A <i 1\/;" x> = FBer, () £jBeiy(x) Iy (i 1\;;_" x> = T j Ber, () + Beiy (x)

® XERIZL->TIE. REMBDERRK FKevinFHZRULTREIN TS,
0 BIKHEHEEZEAT. HIEFELOTVWRED=HIEERHONS,

Kazuya Masu

(%) Kelvin functions (3) / 222

L ”’?’”"EH_
]v(x ej3”/4) =Ber,(x) + j Bei, (x)

]O(x ]\/j) =Io(x \/j) = Bery(x) + j Beiy(x)
Jo(x jy/=J) =Io(x/=J) = Bero(x) — j Beio(x)

3w —14 .
. .=e]4 _ . _.=e]
JJ 7 )

(%) Kelvin %4 : Ber;,(x) 1 Bei, (x)
Ber, (x) Bei, (x)
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" ”’?TF.. Lot o

40\ !<—Ber0(x) ‘ \
20 Ber, (x) Ber,(x)

1

a0 :
/A/ SJ&B@I(@
E Beiz(x)
sl Ber;(x) / X
A

A | / Bei, (x)
Y UL L

Z/\)(

0 -10 -5 0

7 N/ SEBAL K \ \ /\V SRS \/\
—40 | —40 |

10

v\/—r y ) \ 1

X

0 »//
AN L X

A\

22 —4 -2 0 2 4 —4 -2 0

2 4
Nazuya masu
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o ETERMIL. EXFEHMTHRMERMATED,

® Sin x, Cos xTRRAYT %, (7—') T2

® BesselFl I CHLERHEATES,

o fthiZt. LoV RILEBGE TLRATES,

o Nyt LML, FMERDECATELELDE

BRZH T TR DERTHEZH I L
L/L\O

Kazuya Masu
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1. BINEE. TERERSKE (F3hR) 1. L FEEEE (1999)
® ERADKIZT. A—VYFYIRLGBHIDBAHELLTEDHLONTINS, 20124, 2013F &
AEHEERDBIZKVNICBEICSE TV LN BRAEZANH L. BLEMM TS,
2L, BREFROZFENZETICIERELLWVYET,
2. RIMRHE. BHRFE . I HAR (1973)

o 19EDBFICEALCERSREMELIA, IREOZELFE STV, §15EoTLEED
ThHb, MEEBHZFRDERMO>DEFIKWD, BD>THRATRDE, EERLESANAV/ YL
ICRRIBEINTLVD,

3. A=A, IRk EMKF]. BREE. (BH4145)

o SEIEEDARMMNSIELIZK, AI&18mDEFICEALIZAR, HFEAFINTHYFRA TR
MHoT=(5) . FOEIEHSF I DI TESMFELL,

4. Bz . 5% 2. TEBHKFE (WET1) 1. Tk

o COV)—XIFFEICHEATHD. FPHRRTHELBEIEINRITLI-ATHD, —R. Bk
FHEFFHRRODESEZEDLSITHAN ., FHEIMEYBETHS.

® KMEF(2012FE) £fFd HLEFICR DT T BELIZADVED, BEIOARTT,

5. R.P Feynman, et al., “The Feynman Lectures on Physics, II” , (F8zR)

27402 HEZ () BHERF]

o BLLALS ., AVVTHRATELEDHDLEEIZIE. Lo LA IKUINE,
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6. AKHE— . BHESFEOEREOD ). ERRFHERE (2012%F)

o THWMRELKYZIRIZIZRENMNTNS, TZROAL BRENHNIEFLOLRE
25, AENEASEFEBTIICIERAVNNDS, EMEAFERET DICRITIIOALED
nTWb, SEDEFETIHAELTRAEL =,

7. BBEUS. EHREARR. A —L3t (BBF124%)

o [HFELDTHRAKWL, KOBEHLBEIFFREICTETHS, BEORBITHEIDERLESS,
Fro. BEICEALTERBL T T GORELEHIN TS, &5[E (F7-IEEER) (Rotation,
curl; die Rotation, der Curl) {a[#. RotationA& 44 T, CurlBNB L FRLBALEAS?

® Jp/dt+ (c/e)p =0 FERABHEIHVDLENATHS,

8. John David Jackson, Classical Electrodynamics, 3rd ed., ${ERI T+

Y BHERE(L) (). GHAEE. YMEFEEEN (20024F)

o BHWRAMNAIZEMNETHRAIHT LI TEGIN o1z, BERENLBSELB A TIRAIE
BHEIFBRLN, FETETEBHREBHREDO G EMEEZZESANCESTEERAD,
MRTEFOEMIHFREZITIS L SIBRS | X BHER RS OERL B oM GAdiEh iR
HZIEE M1,

9. BERBERRMEBFZOEM[FE2M]1&2 IGHEYEZ) () ). BREE

(19784F)

o hFE BHERE. K ENEERERELTHAIIER S EETHOTHBIZIERLA
D55, 2013 FEDEKDBRICHEA THIz.
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T”'?Z JTELH—
10. Julius Adams Stratton, Electromagnetic Theory, McGray-Hill, 1941. (3}
R I ERIER ) £EERMT 22—, BRS04
® BHLKEZSANIZIENATILEE LN TR,
0 EXIIESTLEBIZYIMIN—IRNAFTED, PEYFRORELH53EBNE-THT =,
HEDZLDEHMAFDHREDERIEIZOHIZYDKRIZHIDEZASERS, RAIFERE
#thi (AmazonTHLR DA B BARRYRT—YTAFAEE)
® Jdp/ot+ (o/e)p =0 [ZDVWTIEEIZENINTNDLIEERATHS,
11.S. A. Schelkunoff, Electronmagnetic Waves, D. Van Nostrand
Company, 1943, (FRER) MEREKRE 1. BIREE. 19545
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