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C=A+B (1-1)
ob
Cz = At -+ B:, Cu = Ay + Bu, C, = A; + B,. (1—2)
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(_A)z = _At; (_A)u = ’—Ay, (_A)z = —A,. (1_3)
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B, = ¢A,, B, = c4,, B, = cA,. (1-6)
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A-B= A,B, + A,B, - A,B,. (1-7)
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C = A X B,
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C, = A,B, — A,B,, C, = AB, — A,B,, C.= A.B, — 4,B.. (1-8)
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Material K E nax, volts/m
Glasst 5-10 9 X 108
Mica 6.0 5-20 X 108
Nylon 3.5 16 X 108
Rubbert 2-3.5 16-40 X 108
Sulfur 4.0
Woodt 2.5-8.0
Aleohol, ethyl (0°C) 28.4
Benzene (0°C) 2.3
Petroleum oil 2.1 12 X 108
Water (distilled, 0°C) 88.0
Water (distilled, 20°C) 80.0
Air (1 atm) 1.00059 3 X 108
Air (100 atm) 1.0548
CO2 (1 atm) 1.000985
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Handbook of Chemistry and Physics, 33rd edition, Chemical Rubber Publishing Co.,
Cleveland, Ohio.
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American Institute of Physics Handbook, McGraw-Hill, 1957
Handbook of Chemistry and Physics, Chem. Rubber Publishing Co., 1952.

Material 7, ohm-m = %;—;. , (°C)-1
Aluminum 2.83 X 108 0.0039
Copper 1.69 X 10~8 0.00393
Gold 2.44 X 108 0.0034
Iron (0°C) 8.85 X 108 0.0050
Nickel 7.24 X 10-8 0.006
Silver (0°C) 147 X 10-8 0.0038
Mercury 958 X 108 0.00089
Tungsten 5.51 X 108 0.0045
Constantin (Cu 60, Ni 40) 440 X 10-8 0.0000
Nichrome 100.0 X 10~8 0.0004
Germanium (pure) 0.45 —0.048
Germanium (5 X 10799, As) 0.011 *
Silicon (pure) 640.0 —0.075
Silicon (10~49, As) 0.003
NaCl Solution (saturated) 0.044 —0.005
Amber 50 X 1014
Glass 1010 — 1014
Hard rubber 1043 — 1016
Mica 1011 — 105
Quartz (fused) 7.5 1017
Sulfur 1015
Wood 108 — 1011
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Material Xm m3/kgm
Aluminum 23 X 103 0.82 X 10-8
Bismuth —1.66 X 10~5 —1.70 X 10~%
Copper —0.98 X 105 —0.11 X 108
Diamond —-2.2 X 1073 —0.62 X 10-8
Gadolinium chloride (GdCla) 276.0 X 10-% 1140 X 108
Gold —36 X 10-5 —0.19 X 10-8
Magnesium 12 X 10-5 0.69 X 10—8
Mercury —3.2 X 10-% —0.24 X 10-8
Silver —2.6 X 103 —0.25 X 10-8
Sodium —0.24 X 1078 —0.25 X 108
Titanium 7.06 X 105 1.57 X 10—8
Tungsten 6.8 X 10~% 0.35 X 108
Carbon dioxide (1 atm) —0.99 X 10-8 —0.53 X 108
Hydrogen (1 atm) —0.21 X 108 —2.47 X 108
Nitrogen (1 atm) —0.50 X 108 —0.43 X 108
Oxygen (1 atm) 209.0 X 10~8 155.0 X 10-8
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Materia] Compos“'ion: “OMly Hly Igﬂn
% w/m? amp/m. maximum

Iron (annealed) 216 1.6 X 105 5,500
Cobalt 1.79 7.0 X 108

Nickel 0.61 5.5 X 108

ALLoys .

amp/m
Iron-silicon 96 Fe, 4 Si 1.95 24 7,000
Permalloy 55 Fe, 45 Ni 1.60 24 25,000
Mumetal 5Cuy, 2 Cr, 0.65 4 100,000
¢+ 77 Ni, 16 Fe
Permendur 50 Co, 50 Fe 2.40 16 5,000
Mn-Zn ferrite Mn,Znq_q .34 16 2,500
Fe204
Ni-Zn ferrite Ni;Zn¢_,) 0.37 30 2,500
Fe204
B,
w/m?
Cobalt stecl 52Fe, 36 Co, 7W, | 0.95 | 18 X 103
35Cr,07C
Alnico V 51 Fe, 8 Al, 14 Ni 1.25 4 X 108
24 Co, 3 Cu
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edited by A. Guthric and R. K. Wakerling, McGraw-Hill, New York, 1949.

£\Y



1
VU = — ceW = Na, (14-57)

ORIV BUSHy Ladpl) 00 BLS Al Jo 0de N 5 N o
or Blall DS U S L Lol Lomse (14-10) IS iy © dgniol
by dmge 28 V m < U = = V Ganpadll o) G300 o 0] . o
dur 15 Npd paiis Gge ¢ bl ol 1 Dl e SN e o)

: (14-57) bl sl

d’v 1
o= E—Oe(N; — N.). (14-58)
0 Ts

._VOL_

Plasma

Sheath

Transition
region

—V,

o oo Bl DS sl Gl e - 14-10 JSz OO

Y (@At Jlax M KL Ol e oly S wis 055

N, = No expl—eﬂ:__bl] (14-59)

LLS Lig . -V e, LY g wie 080N LS J5 N o) cos

%V

i

(14-60a)

J,'= N.-ev,-: N.'CJ



2e Vo
my

, (14-60b)

Ji = Noevi, = Nge

bae ciyS Gl dhidl d) Ledl « =V W3 wer U bl
S EUPRD SESN | IR TP 1

Ni——"No,fYVo- (14-61)

e Gl b pzn (14-58) alall @ (14-61) 5 (14-59) (ol Lansaty

(1V /dx) dz = dV
'3 s N Dolall s

ayv _ 1 12y—1/2 ~—e(V — Vo)]' ~
=l oe[Vo v exp ——p——> (14-62)

L3V g Ll sl

1{dV* _ 1 ez | kTe  —e(V — Vo)]
5(3}‘) = o N0€[2V0 V - s exp——————kTe +C, (14."63)

Pl plasinl C ol cwt e
dV/jde = 0
iy .V = Ve OGN B us

1
C=~ g;No[2eVo + kT,). (14-64)

oM bl sl

(dV/do)* > o,

(AL A



Dol 131\ b Gamn bl e of (14-63) bl jlas) o

; (14-65)

G¥e s ¢ Tty - Meg dWl e s BN 0da 1T 5,
JY e A o) ot WO e OGN Juad 31 el ¥l 06 it
et Bl 0y aama Gkl 008G o) k. KT, Ghad 5l 45~ BU
pae o) Baidly . 5)lat Vg e sud (14-65) Doldl 06 . by pl ode
el W Golizel daiey o8 (14-65) doldl @ @yl

g R Sab st Hay « (14-63) bl Juls O cust O K5
Pl AW A N dlal oK o ¢ LWL sl ol oldl U

(dV)2 _ 4N0eVo[(l>”2 _ 1] _ 4NgeVy/2y2

dz €0 Vo P
= 2LV (14-66)
[ €
Lo Wk @
46(1)I2V2/4
T = S8myfe) AT AT (14-67)

C@ el st
* See Chapter 3 of the book edited by Guthrie and Wakerling, op. cit.

(A}



™

LS G 08 & e st S0l Lk N1 bl 141
Pp Gl e B A

T3> 2rm./Be,
Sl Jaeg ¢ (pldl Joaill @rly) poladl o) dwgie T i e
lia of iy . B (gublidll JL;\ G OsASULIN 5yp5 ony  2em/Be
IS padl

n << g,

e e . - £
Hall resistivity. Jla dasle Js = B/Noe O} ¢

B ,J 45 volsS o6 s ke G.....LL.-..-,).»\A ol A.!Lm.‘d 14-2
.Ja.ﬁiXJdb.)B,J) vu|,XoUb Vu\ua)s‘ Ual..ao.;ula.u

‘_}LUAJA)‘X(};MY(XJ&QSJ,MJ‘ aL.aJ\CL.ubL..A &;U.qua)s\

’ 2 Iu\
v =”0-‘m[230/]dx+#0</~}d1):|'

=Gy B‘—‘BOO)ig bae depdl o J& Co

Ghdl d1 Ll (14-63) Usldl pama (14-65) dsldl 5zt1 14-3
L Vo= Vo J o5,

c)u L4l L))L»d cl}\ ot Adgall Ll Ol e U-L,( 14-4
L, 0.05cm? Sals il >l . (olsl Jaud! La>Y) 3L LS
ol g 6 d) el cusl el

\ U,, volts I, milliamp Up, volts 1, milliamp
40.0 —20.5 35.0 —0.34
39.0 —20.4 34.0 —0.096
38.0 —17.5 33.0 —0.011
37.0 —2.7 31.0 -+0.033
36.0 —0.98 29.0 —+0.041

u.:...U(LJ\ —\@;\) U))\QY\ A.!LS) L))L.Hd U)J\QY‘ o)\):- b).) v\?')‘
3L, Loy ideogy 8 o0 ki chas ol Lilai 55 . 14-5

t AR



Joosi 5 BN B iy g3l s Ol d W0 dep S o la s
.BO.J Z_.g)\,.. vo l.ch...N 'Bo ‘.L;.,c @“?L’L*‘ dle 9939 o ol uda ch)’
oda lglusy « daghill @ A2 OIS e AZU Judl doaall Bl )
N Jd e WSOl Gl o sas sdl g Jdually FHINE
:c‘lll 3 Gar ldl syry 281 L F O£ 58 ] ¢ ( Fun)
o 41 .l gul & a5 S s Pl ol daghdd

DY B S S e e e

v = vo + }a? grad (v - r/r%),

prhs paeslt dladdl JoLlL, AL odn dssld : ik ]

J. R. Reitz and L. L. Foldy, Journal of Fluid Mechanics, 11, p. 133 (1961) ]

N . N . o .
‘r—,—’-’"f,*i Yol T YV



(t3!- \‘!E/‘/,f
AW 5

bsSle ©Yoleo
MAXWELL’S EQUATIONS

The generalization of Amperée’s law. Displacement current

I i oo el bl JU OF el Gl L
DS aed 0p i G

fHdl:/sJ-nda. (15-1)
cd Ll Lo algl dyliny ¢ Al Gy o) lae OV s

15 e danis (p 0555 G (15-1) ISV G Ll 3 51l Lol
o Lo g LBl Gan) ol SU JLn st ¢ udy Ljlae 1)
22 Sy phuly C Gl o) gl 096 Gohazy L (LI

ch~d1:/SlJ-nda=I. (15-2)

14



Plates of
capacitor

e A 0gl LY S, 8 S, cembdly € GUl ) UK e L 1521 S

¢Sy phdly CoWll gmill pul 0y Lessz lsg_‘d,d irb o
1)y Sy phadl b BT il sl T OB

ﬂmm=LHmM=a (15-3)

0555 Ol o5& W ¢« 6,3 Y lalas) (15-3) 5 (15-2) ouslall Lasl) T ks
o oS Bl e Wity C Gl iadll W BB L e LalilS
RO S HE 5SSy WU oF malgl oo G danll
ol d1 Gl Usyiy aiy « oWl Juadl 3 cmys @ el 09l ok
6F Ul suadl Al o ¥ Yl Cor ¢ o (15-2) Dslll
i) ds T s (15-3) Doladl dulyo OB « 631 dgr oy dnwdl LB
1 ixle (15-3) doldl of ey ey « blamsl o8 jlae¥) ko

- e

osldl of asdu U¥s o 0K eela) Sl el ol )
Gl G oMl Gl e Al Gils olas (15-3) 5 (15-2)
P Gl 5ol s ool skl Ll oY

/ymw fymM¢Q (15 4)

ex.



(C Gl omill aie olizh) e Gake b 855 Sy Okl S

d‘f}.«:JAWeA’)nlch‘J‘ C)\}d\ r,wxu*aab,nzu‘é&
oS (15-4) doladl o8 [lae¥l Jho Laadl ode Gasi 156 rhdl g1
DY Ldl Lols

9§s,+s2 J-nda = 0, (15-5)

I ool I Juzad 130 aeladl &, kd LIS die (15-5) doladt 2
dajre ¢ om9 Nm JalSI 0T milgll oo w5l ¢ Lo 008 wels
G (15-3 3 (15-2) Q«;J;hl\ o pasldl

9§SI+52 V-nde = .[V div J' dv, (15-6)

J-L«.a 0 )8l \.J..b) ‘éa]a...ﬂ JAK..” LS"“)L' UWJ 4:-*“ .-\.GL.» )L» u\
u,i... Mb)ﬁ\ )a\)..\.U J\..Al uyl.o d J o...lb J kx.u JL\.......:‘ u\ (_;\

d bl ol ,},.T 05 Joo¥1 (el ks OF Sl Carlgl e &)
RO I R RTC g R

J=J+ae, (15-7)

wd‘uu\&p&xs@s&u\dw\ 13 lente Ji @ 0 cum
PR ulu&ag\c&:d‘bbe w,m Sl 3 aal 6l g2y
(15-7) Wolaald wsll sl L lodee 37 ol wels gad W1 ol

Daf ae 6ol ledany
div J’ = div ] + div o (15-8)

opl) oL Liall of 3) . -dp/a, Wb I el Jlaza) oI,
g}-‘y A Aoi)l i

9
divJ+% =0 (15-9)

'AY)



divy = — ‘Z—‘t’ + div e (15-10)

Latll B e L3V BN, bS5 DL 1Y STy
divD = p. (15-11)

O Lse LU lia iz L divl = 0 0 caD/an, 6ol a Jety

r oD (15-12)
=]+ o (15-12)

s el W Ul Tidll Jaare gy

curlH = J + 2. (15-13)

di UYL ade Gl @il ¢ o810 GBI G GWIE bt Jst o)
bl S L b s ) LSl cblal usl

i) ly igSL o¥slae 15-2

Maxwell’s equations and their empirical basis.

C Sl CWolas G Yol dogeg e susly &P (15-13) asul
E3(15-13) Dol G1 BLal fySl Vslan gr Ll Zeged! Juls

aD -
curl H = J -+ 50 (15-13)
14
JB
curl E = — Tk (9-6) (15-14)

LA R



divD = p, (4-29) (15-15)

divB = 0. (8-30) (15-186)

Dl oouz L g clualil law g2 oYoldl oda on Dslee S,
Lacall Jti (15-14) Uslally ¢ pnl 0pla) dule UL~ J2f (15-13)
JE (15-15) Dolally ¢ gublin, 631 edl @ @lsl s 0pla LLoLl
dig> Jui (15-16) UJL-.U, CeslsS Ul 32 s Gl sl 0l
ik sy ek lin Chi o Jpadl SIGH pae
¢ 3202 i C.LJwb)MJdbb,‘SL Yol O zolsll o
‘bJJm W oY eYoldl eda of ol o b ad cda sa
Soad Ay . dbaYlv.hML)wUQmMoidl- ¢« &y gy
il YL (Bl 3oy JueSUa oYl 0l ¢ e o
Gadl cloldl @ L R saelS sle punnd Lely o (S, SUH)
YRR R GO U S EL R SN [

Electromagnetic energy. bl g ¢S Gl 15-3
DS ol el gl 3 Lo il

Wg = %/;E Dadv (15-17)

‘th.u iedl Claddl Lghil T lany oS0 2nll Gl sud of e

c))«aa.a). Lé!u,i.J).x.ll Mluud;&sgj,@;‘( .\3, JL)QQH
DRSO ol a sl

{
{
/
!

Wy = %/,‘H-B(lz" (15-18)

JLdl g iysdl LAl dhuly « p2eg Ll il 3 Sy O e
2 SVl all sde Lda S ga ¢ OY1 o1 JIGly L b Ll
LSl

£y



o E o (15-13) sl PEIN oAl e W Dslll ok
Bldl 725 H w0 (15-14) Dbl a0 opall o0 2£UWE D5l
sV
D

. R, 7] .
H-curlE —E-curlH= — H- EE_E_—EJ (15-19)

alazll plaszal el 1 Zcall oda g ¥ GLLI ipd (Sl oy

W
div(AXB)=B-curlA — A-curl B
. aD o
div(EXH) = —H- st——E a — E-J. (15-20)

D o 151 f ¢ Las Thuy (15-20) Bslll Geht) @3l Jauyll 08 156
oM GG el clizta o6 * H g Ll B oG E e Ll
PGV Ll oS (15-20) dsladl e

aD d o_ 31,902 _9%15.p
E‘ﬁ:E'{ﬁ‘E_%‘atF‘ = 5 3B

) a _ 8 2=_a_ H.B.

O 151\ polgdl hs byl *

B:yH,]):eE,

de baoly kel OLekisY cigll ity « JB) Ol pita Jo riainn 6 0LusS € 3 4 S
s S o Labling b dagll 055 Lisie Gchd) Gl oo pbly 39id Gag . gl
Je L.UJS EVWyy uﬁ} Lais b lall saaht ‘}5 Gb ) sutdly &9“‘5""““ edl om G

. il q.ab
Parall o Jh CGgu sumy SN Gal pae OF WisNe g S gy

3D
at

A Laially u.:u\ sS

QW

B

E. et
ot

6

Q)IQ,

; (H-B).

D=
N -

1A L]



LY Geall dsb Ope (15-20) Dl 06 ¢ el oda plaszuly

div (E X H) = —‘%g(E-DJFB-H) —J-E. (15-21)
‘_}.}“ Yo & oDt L} S),fa'\.“ daladd u.ng QJJ:.H o d)\“ ey
¢ G Al 0l - ek Lall UL BUS, 130,601 B BUS ¢sad
sl 540 Bl map)) daadd QLI Sluall oW e g

CL...Jl) das Vwbpdy JAK.J‘ .A>~[J (.’J-‘ oJo-,J dy o)\)})
tde Jat .S

/Vdiv(ExH)dv= —%/V;(E.DJFB-H)dv-/VJ-Edv-

tad ¥Vl OLR e weldl Bk ks,

d — "Edv.
fsEXH-nda=—%jV%(E-D-E—B'H)dU fVJ Ed

1 GYS s oSe D oy E g G 06 L olgd! oLl SLgY Jb
D:'=i€uEi
h Ul
19 I n e aE
E&(E'D)=§E.E“’( e )
€ = & Ob o G his 040 JI aii e Ll

(Wooster, Crystal Physics, Cambridge University Press, 1938, p. 277)
Caf ¥ g 1 Iy Tl eda plasily

19 LYol
55 E D) = EZE.G,, e

=] jm}
06 6, E o dasien b culy loger Ju leg] OW

3 3 D 3D
Zl i z; i —Ea

Qalq,

» -3

Do =
Q.\,Q,

oYl amY basy clalEY Gl pas dio OF LN i e
£Ye



DY Lcall Dsldl sda LLS saleby
_ 4 .D+B- . 92
——[VJ-Edu—dt/V%(E D+B H)dv+ﬁExH nda, (15-22)

) Jans 5o Io¥1 i nlr on i JUE W) 01 paly IS O
oW Vool adl 3 B33 febliny oI Gl G )l
Uizl 5yl Ja (15-22) Dsladd oo ¥l GLAI Oy o (bl JulsI
dB LV adl g bl cladl 8 I bl eSOl JU1 J
Bl g ¥ GO 0L Vg L0, dnlidl asill polas ek
sy Y UL Uy 504 AU ! sy WL 0,5 (15-22)
L.>,.c (15- 22)«!;\...1\ o Y Ok 0 W A u))L 3 - u‘)”
g}VlA)LAuMbuNd)aﬂqu\wwbwL\“}u\ uo)s\
g daall OB anbliny d50,6Sy LSS By e A2L el

:Q,ﬁ: (:...J,-\ ‘).a )a..l\gi.)\ﬁ..l\ Jasl
F, v= —¢E+vXB)-v= —¢E-v.
ialh G LIl BLS o« (T-4) bl By oSy
] = ZNi(IiVi;
(V"-‘L‘ S.Ja-).}) gi.;\ﬁ.l\ Jn,:.“ 4 e LSJ.” (,_""‘)'H d.&m“ ub ¢ \“\V)
DO
D NF.v.=E-],

WLLAJ))QQ‘ Jid! d‘ JA..; PRYY 8).‘\3.“ oLy ub

od1 B Jaz (15-22) Bl G (bl J,li:.!\ NGRS

Jaall e " PN R T SAwIEIN] unJa.“ . G....J:-L.-l\) dbﬂ.ﬁ\
E xH 4V i o Je Ujag o500 1oy, c]a..J\}u.uUaJ\ o ({.,)J\
}‘....A.,J‘ lae Ol ww ¢ &Ll susg) a3l Gamy d wadl sl Gl e
de d,.., TRy el OB iy c Clasldl Jans J1 Loy a5V
Jasll Ji Gl phe e B X H LSI1 ol o claslall el )yl

1A &



G E X H axddl | Gl rhedd B3 b iy, Gl )
OB lies . S G,dL J 5., ssley « «Poynting Vector» C‘LM.;)J‘L’LJ
Vel e 3 Gl his 0pb awd (15-22) Wbl

The wave equation ol dolas 15-4

eY¥alas slaad 3 el o JsuSl oYolee clicds {,m\
ol isb ez, H UYw drpll sl 2 L Al liny 6Kl Gl ll
C(15-13) skl

curl curl H = curl J + curl ?alt) .

g cdl ol €, g Ol Lo,y . J=gE 3 D=¢E 293

d
curl curlH = gcurl E 4 €5 curl E.

U")‘” CAVISN ﬂ.a:;) dl.&.:..«l LMK‘S (:)LA <L£.L. iAJM s E u‘ L)o)‘u)
P ceurl ECJs Y (15-14) bl ploszal oSey . sl

oH o’H
curlcurl H = —gu Et‘ — €u '872— ’ (15*23)

DY LalEY dlhazll plusialy o eul i s 5 B =l e

curl curl = grad div — v? (15-24)

g

v - g PH 5 o
graddivH — V'H = —gu—- 5 M ap (15-25)

Y LRI - N 7T I V)

divH = LdivB — 0:
I

LAY



¢ s8N (15-25) Dol p ¥ GBI oo g1 W1 0B 3 s oLy

’H aH
VH — ‘“%ﬁé’ ~wi=o (15-26)

dolall ula..Jl il e Ot WS ¢ i Gl Wbl Bl Gas
: (15-14)

curlcurl E = — curl@

€5 oy g kel (bbbl JWd) JpsY (15-13) dslldl plaszuly
: c:..g 3 z.:.:t: J_».:Uu

JE I’E
curlcurl E = -—gy-&- - Gﬂ.—é—iz—‘

cbas Je doladl win adas wady ¢ (15-24) alg¥l @nlhzll Jlazaly
tde Jad divD =0 of wos b et

3’E 3E
V2E — g — g = 0. (15-27)

Gol oy G ek liang 48Ul JUB1 oNel G @zl i gl o ¥ols (e
«L-«,” I da uK' ;‘,.« 3 )A.aU A.a,L..A Ll BUS u,ﬁ Can ‘JL,‘, V'L.N
¢ L:lf da Y GYsladl eda oaf ob . Sl & Jose né (»\ p WIS (5.\\1\
5 (15-26) oYkl of \,H Crod ¢ Lat Sl oV¥olae Gif g Ly
ne sLal) ‘,L..U UKJ, ¢ J’)-S\-‘ Y¥olal 4.!))}0 &AL..J C»LJ J.J: (15 27)
Jsl>= olg) de Lalal )5,4 q‘ it Chryll YWslu o wiey o
slel @ A Je l.\.o Y S ‘?Jl RPNL (_s.b-l ul, Byl Wolad
L?Ja..... E uln..JI ‘f-,ll d,.LH il ul»,lE dbﬁﬁl JLM sall d:-
. g B aul o Vi g’)l\ J,LJ\ b:l’i
C @Y AL D Ol geS Loy oSs (rll J,Ul il ale
sl clegll sda e ol AN Gk s il et ks
col 31 cemi s (B sl S waadlly) oaslt g JUd1 ke



E(r, t) = Er)e™ " (15-28)

ot g ) sl M&L,.A\gbﬁﬁ\ Jéi ol o cg Lay
OB Tdey « (Sl g EJD) ol &5 dT Blodly . (15-28) absldl
E () b Ui Wcos(wtm;) ool gailt GLe0N did)

P de Jat (15-28) Wslll Yo (15-27) Pl ok

e~ VPR, 4 w2euE, -+ JwguE,} = 0 (15-29)

e " gl Jall) LIt dlvall @ostl il Sl Usbaall
el slgN (15 29) H AL J, P MY\ 4..&\, Al o

P loge b Lol bligl (ool Jpbdl Lols) Lgies Clogs 15-5
Plane monochromatic waves in nonconducting media

Sl gall 5395l 1 p ¢ (15-29) Dslaall Byonadl St sl o)
OB o odis x5 Jeos 63 Wl @l Byl U G Gyl

VPE, 4 €uw’E, = 0. (15-30)

ihis sl g Lyl ollst els U,L Gl b pndl iyl G
9 )L.. z g“*’\“ £l o6 136 . (nas ol d.p Soges (Saiume BNV o
W LéJ\ b G u\ﬁ Lol 05T ol 2 E, u‘b‘n izl cadl ol£Y)
Dl oo o W1 by (E=E (Z) 650 5)lmy 2 o i

| DAy B Ty 05 (15-30)

LA il Dy A1 Bl gl oyl e - e S Sl § LS
odd Slas ¥l Oty L LS LS UG L4 i Uil Ll Seh Gl SlasTt
o faie ek G b b lgaa o SLLSY Gls L G as 9.|.S » S g !
Gr W Jyailly Joadd! a8 . slhall HIWG KIPI-E0 [ vRR eI TR AX) My 2

pe &_....».;«_:,.d,.na_iu ! O LS A DSl A .l‘ Vo

L ra



d’E,(2)

G2 T By = 0. (15-31)

o 8 de S Y E oY (15-31) Bl o vy X olizte cass) i,
o Lole) diia ASW £ dazal) el Baley . Y 5 X oY
Jis Tar Gypme (15-31) Dldl Jo ol . sy al U E o

t syl wu

E,(2) = Ege oV (15-32)

ol (15-30) dslaad S (15-32) Bsladl J&5 . ol anze B ) o
B gz Gl ol e Logee «wavefrontsy Lo ge ol

Ay o.:ud sim 5 Y L9'” A.].)Ln.“) da,..fl.a Yo laa d,u.l FRTY t..?‘ ud‘y
D S sl sda L oluddl pan lede cus s & (15-15) &5y P

divE, = 0. (15-33)

Deas (15-33) W y 5 X cadlos Y1 o 6l Yo E g sbel paad Tk

a%E,,(z) = Fjovep Eon(2) = 0. (15-34)

¢ ST bl ¢ \)4..0 Golw Egy Ao 3 s dovms oMol @ Wbl 055G
G LSl all ) (sR2 079N l.u,.ZoBLL.S,.L&gM.JE el 15l
d&‘ ol L-,...p) .b}u t_aLg.., dl b)\y u)g ol —* 4.:,——» 43—31

:u,f‘a cZg\Jo-Y\ uLp 4_._».),...; A.:.?}a ulg..; K -\r,l gb,&'

Ey(2) = (iEoz + jEop)e v 7, (15-35)

Sl il cJLel QW1 1 Gl b lall JWI slgl oKey
v 1 (15-35) Wkl

cur E,(2) = F [—jwVeuiEo, + jovep jEo eV ?

oo (15-14) LsuSl Dslaa o 322 c,2¥1 s Of LjoB a Lilslay
P oasadl S

£Y.



E = E,e 7 B = B,e 7.
I bl edl . o gesdl e ol
B, = F [—Eoi + EoujlVe V% 2, (15-36)
c o) ol LS Bagan ¢yl
B, = FVeuk X E,. (15-37)

ol£1 uu).u()ul s L ga|..\>YU Ego K Je b.),.sBsuia ¢ ldgey
ds  (Bg s)) Eg jpb g il gas¥l gl daall o1 &b lsy
e causal 13116z L2l sV olE 0, el G eyl DU
casiial 13116 2 (SlamN LI oYL ST < (15-37) Wolall @ w131

CoasWl e

carsll olEWL ol okl bl Dy doge LS Giog oM
:3.:3?9| oYoldl z Q‘»)U
E(, t) = E,(z)e“f”‘ — Eoejw(\/a z_‘z

; ) (15~38)
B(r, ) = B,(2)e "' = Venk X Eoejw(\/a b

C XY (St L)l,, La.S L.M Ey J4 e
CESIE RSN RS ST RIS B P (I Rp =R U OR( sl
el 03 L e 4 b 1 . LS 2 Gl ol Ll
chlze¥l sda Ji o JUS,y L 5,51 ol ilzeY sl ool dlaghia
Slrse 555 Goppall o ¢ QYT da g cul syudt by e P

13 Gyten Drge Lol ¢ U ey oA LiS obaldl s Gy
dk«:‘.ilo»,),;uu.bu,\..;.o.....o»,uw UQS)L:.L\ ol.i!

G Ut il il e G 81 G 7l oly L anldl sl
ol 3o oghll Y ol U sl susy olEL T oascll ha. e
Mon oL Lyt dorge HLS) oy by K o Yy 0 o Bogae 0,50

SN SYolall u YESI - RPN

£y



E(r, ) = Ege/*™* 7Y,

] (15-39)
B(ry t) = \/—E—,I: u X Eoei"‘(\/a u-r_”’

sl plasiul LS 0sG A  SIs U e Loges By OF o
CAA

wVepu = k. (15-40)

axia Yy « «propagation vector» LnVl ami K asll e G
UL xSk ol 3 Jas ) Landl ool Dol 0L lda LLemyl

:QY\

D = E j(K‘r——wl)’
E(ry ) ) o€ . (15—41)
B(r, 1) = =k X Eoe ™",

Y ot G Ao sl ol Jphll Golo T fpin Boge LSl e S8
P SERORN ST VI PRRFCN TN ACH F JCH I
&I — wt = constant. (15-42)

JuZ K i oK des R AWSTL K WSOl e Gasacal 136
CMAS (15—42) U.\l.-.l‘ ub . K ol_ﬁu-\g r .L.A..A“'

k§ — w! = constant.

P ol DLl el @ sl B Jolin,

pyo= w1 (15-43)
P At Tk Ve

vy, = ¢ = 1/Veuo,

(241



DAL s Sl (15-43) Wsld) 0,85 ¢ g

L (15-44)
K.Kn

Vp ==

D dacall O
¢ = 1/Veopo = 2.9979 x 10% m/sec

OY Andpidl foedl s pedall 2 il edey L E1AH S sl Ao JuE
ol L}.)..SL« u“":‘ looe V‘QJ S:AI:L;?)J&\ ibﬁ' e t}; ‘}"4“
Gl 3 o5 e cag bl LaS Dlanl Wl s JyY il
Boladl G K s K, oSOl L WG Sy e b Uiy o801 o5a)) danid
de oWl dangll ol 550l Jalaay S LSl ol eols o3 (15-44)

e Al

Ly G drseld JLSGY Jabee o1 (15-44) Doldl o poly

Rl

n = VKK, . (15 45)

Jober 06 BL LU LYl el o byl e Tas du s K ded 01
oany bl Gl L U Juadl ol au A1 i i LSO
Jrsie A aey e Al Lipall PLUD Can Al e LS sl

h
{

Cealall Jaadt i 5L sds i

dose bole blsl g Lzl Jskll Lobl Lo Ologs 15-6
Plane monochromatic waves in conducting media

g 0 sluday 330 Sy gl kI Lot ax gl i sl dotaa g

-
- A__y\ N ' | f L | n
. Mﬁy 4;‘.‘4\\ O) vp.a}ﬂ g.\l! n_..).‘i

X%

PURAFUPRP GIEp U0 SIENTRE L



VZE, + w?euE, + juguE, = 0 (15-29)

XY Somsll &jlge drge Ol O3 Lotue Olorge (al uids iz.,b Sy
 Adsldl

J?E )
5o T @ euE, + joguE, = 0 (15-46)

Pl o Wl odh U slgly bz J UL E Ol s

Es = Eoej".
tde Jat (15-46) Dol § LY o plaszaly

—7% + wleu + jwgu = O. (15-47)

G el A1y B2 ¢ basle 250 slas¥ e g Gyl Gsld
DY Aall 7 asl ol L ¢« gsa dlss

Y = a4+ jB = F(w'eu® + wg*u?)V4(cos ¢ + jsin o),

¢ = }tan™? ;‘} (15-48a)

POV | P PO A Y A
a= FoVeu[} F IV1+ (@2/?e)]?, B = wgu/2a. (15-48b)

:UJL-.M) z @‘by‘ ou‘b i 4y gluna 17-)—0 Caogl ¢ ‘.A.{A)
E(r, 1) = E,(2)e77¢ = Ege/ @ vtg~b2, (15-49)
2 SN corgll oY G Wiz, L Uilans drge ppbp Ji s
e 03) A8 e STy Ll oYslll £5 or Ol (2 odel @ Yot
330 Sae o 3T 230 O 36 L it ldes Gan el e ] el

Q)ﬁ @Al (B ey ¢ zu“.h)a.l‘ C))L,o}a.u g > ew cé,.ﬁ.“
SV =7/4

YL



8= Nagusin ™ - Vogu/2. (15-50)

G s i) SUL,e JW 1wl gl Gadl i Ji 1/f udl
P Gealls ey Gadll oy L Juoll phe s aiad g —
3 ol Gaad ALY LYl a0 5 e JU & s «skin depthy
$3le hus 3 W e Db liny 6 drpe (S Al Gandl Hlaie oS
Ol we S og deos b oo N L2l (e b, bk . Jwoye
Deplaia L &y SOUN Gl

- 7
g - 3 X 10" mhos/m

OB« Rolxe¥l Cayy SOW dikie Ji @) 45U /5,50 1010 53 31w,
S Sl Gaall

C T N @ X 10003 % 107 % 10-7) = 92X 107 Tem,

Closall Glasdl wie Tur pad Ladl 3 @il Gadl 05K Ty
Ll Lad on Wil 3 Sk Y oI Gl of e e sl . iy Sl
WS Jad ol L st ol Lidy L Ladl Jbl sVl iy
Cdesdl aer iz s c.,.al daadl 5igl

el G Gl skte 05 G A e O IS,
Ol mdl U g =S mhos/m y p= e o Ly, . ,\,l)}u Slaal L.)}L..A
Drea e G Ges e B30 A so il das

oo 22 e BTeXI0T
Tgp s AR X dmx 10-7 e 0 T T Ty T

Tde Jeet 0= Im et

/= 58.6 X 10% cycles/see,

Q)p \.)\5 J:c.,.” el O J;-U).L)L,.o LSJ\....B d.o.q., 60 kc ._I)L.-u .53)) }\

¢Xo



ol gl ¥ ey ALl BN G it e Gt S ey ¢l
u;,n! (@un J\m Ul 3 )b\ i) Ls);m Geadl e Jsb1 i N

Spherical waves. Lo S ol 15-7

G W U o) Bl b Ll s Bpns Y1 dsll BLL JLS
Sl Y Geaisiis Al Uslas 0¥ s Lies iy Y1 Gl gal
D ookl g ol Byl 3 LSl JE L e il | &y S

E (15-51)

2 . igu
V°E m a2

Ll sl okl dnlel wlagl aagll o3l sl

V2E, -+ €uw’E, = 0. (15-52)

Yo B, el oo el Ly500 ol Yl plasd bpmo o5
iy Jly  «azimuthal» W\) «radialy & ks caedl WSl
ael )y il caad JlssS aal oS d,u;f JSy « «meridional»
e plomial O pd ey ¢ el a2 L Ll Lady e
ay . (15-52) absiall g iy SOV olitusNL «Laplacian» Y

'

DAY dacall el Y i cag el (S aall

2

V°E, - curl curl E, - grad div E,. {15 53)
e i s caadt LS4 Oy T i syl 5L B all wels O
NOSSAIN VRSN TR DPEEON A M,J\A,S)l\ Je JerisY  curlcuniE,
s 0 LS 0T il Ll s Al oSl dL" S Jd Llayl
Lo Bdels c¥sle 0% e B Sl il 0Ky L S iae
Sl Uoe slm] oSe ¥y By anll B30 GLS N e dazn i)

EA TN



e 3 6ot 1S RS ol d RalEY LY Dkl
}t..iu UT w dJs s - saalazll CJ@‘J.?)U 8 s Lé&a? 3 Lé'“j ¢ o lazd

PGV UKL sy S oy saulall ol Y1 plasd oL 1

Eulr, 0,9), Eoy(r, 8, ), Ka(r, 0, ).

R . T U R URCE P S
A2 e

Vi -+ e = 0, (15-54)
Tarly i g 0 (o 31 . Wgg Ul 3Ll oo Kot Y (5 1S
2QT} ‘ «!;L..ﬂ S d)&:- O
E, = r X grad ¢
(15252 Wslll) LY dsda Ablas ik
-~curl curl E, - grad div E, é;to.‘?Es = {). REENY
E, = r X grady = -—curl (ry), (15-56)

Ciald oo . . e e
curl (Ap) = pcurl A — A X grad ¢ (15-57)

3
curlr = 0. (15-38)

SLae¥l L G Y1 6l peb ¢ e ol Ol 5T aels oY Tk,
S B anll Gy ¢ s (15-55) Dsbad oY1 GoRI o JpY1 ad!
iYL Glail) classl eslg)

curl(AX B) = AdivB - BdivA + (B-grad)A — (A-grad)B (15-59
L ds Ul

curl (r X grad ¢) = vV’ - grad y divr + (grad ¢ - gradr
— {r. grad) grad ¥. (15-60)

(Y



col (1-13) el @ Lo

(A grad)r = A

plasmiaby - @) DX ol T oaaill el O Ly NSy ¢ e Y

sl el (Sl e 0L Ll W dsale Aol Ao Gig Y O did>

(15-60) Wslll oo Y1 adl i 1y < (15-60) @sbdl o JsY
Pl Wbl dlasiily L Lseally aiedd \.).‘.73 \)w

grad (A - B) == (A-grad)B -1 (B-grad)A - A X curl B |- B X curl,
(15-61)

DRy
A -r 5 B - grady,
.
giad (r-grad ) - (r- grad)grady - (grad ¢ - grad)r. (15 62)

LS\ (curl grad) )\.)..u uY (15 61) asLdt o u‘y}“ u\u\;-\ (5.«)1“-)
(15-60) asldl 3 Lol )l ol eda plusiiby \)w Soluy axle
D de et

cusl (r . grad ¢) enw’ry  dgrady ¢ grad ¢
grad (r-grad ¢) |- grady. (15-63)
Dt (15-63) Wl sl .,\rb \y\,
surl curl (r .« grad ¢ epw” curl ry euw’r X grad ¢, (15 6l
daghkila \).Mo..—d(d S de ey L delENl e Aol L;JI)
#M@Sck‘&déwrﬂ Cb;d&;@,)ﬁ\ul»w
[ ngrad 4// u‘_;\ V\DL \ ta,.l\ o [V bjjﬁ\ uL.;\Jo-Y\ d wU

58 sl 13 diadl 3 0Oy ol e gkl bda 3 Lol 5L
‘ LY ol Yl bk 3

Laley rlda Wl ’)\«7 g rxgrad o iSO ol Lusy
Sew ot OV A el Sede Eold Y JE g Ol Luey NS,

LYA



qu -uu).‘a.H U‘ ¢ LM,J:L.:.‘JJ@{ ul:-}o u)ﬁ.l J}.u-‘ 0B r‘m‘ M\L\
P el LS Ol guoslh i) Sl L U Lz
E, = r X grad y. (15~56)

LY taaly (15-14) Bobll 55 2ol odby « st

curl E, = jwB,, (15-65)

oMel d Laal) Skel Ji2 Q“Jl (e*Y) AM,LaJI 2.;..&5! d9 9 L,.o)o\ Eo
Bsgis 1S ¢ E g amcll QLl puirly JK2 hai (15-63) dsldl ¢ ool Je
SIS b pazd Liall )

B, = *jécurl (r X grad ). (15-66)

u‘ d.A:a.u u,..., (15 16) doladi ub 3 l)a.‘.o LS)LA.J wlad (5$ .Lcl..a ul LC

Sl sl g4 (15-66) 5 (15-56) oudolall haadl Jd1 J2e Y
Ppow el o dll SN o L alad) p Al e aslaztd

= Vepr X grad ¢ (15-67)

e (= 0 gag) (15-13) Wldl cn LSl JU41 5lely,

E; = w\]/'a curl (r X grad ¢¥). (15-6%)

‘ J,,.St, eYolal Sz,l, um B, , E gj e 3 ilaall QL,;,)m Q_g
uLo‘.b-w J.«:Y‘ da.u d ojfr_j A.L.n..J‘ o )U.l 6))£” CB_.U L,, u,g
uLs.OJLA;-‘aM ;)...ad.:—). \)_l\ a.,uau...uuBsubgﬁjrl A,..’L;u,o
E, Joy ¢ komndl L3065 ¢ 0 Lan G ode sl B g B 41
de Lageddl LSl pa Lo pandly L Ao el L blal) Gl By s
(fw\ o\;Y\

tAL



J= 4 el Laldyl sl Dol o AL Al el 3

plasinly By SO olilas ¥l 3 el ) &y el W e Wslas
Sl,esl skl sl 3 Wl e 1S sl B o) Ui da b
055G Ly S oWlue N TN Lald WY sdsda Wl L (WY Juadl)

DAY dacall

19 mp) R ( a¢> R S T
r2 ar (r ar/ " rZsin 9 98 ””‘660 " r2gin? @ g¢2 K =0,

(15-69)

&
K2 = e_uwz . UI JJ

¥ o= R(rjOO)P(¢). (15-70)
: C,C,Lg w J-S Mbj (15—69) AJJL:.“ \j (// J L.'aj)b.l\ z.a...‘aj\ T L.)Af)"""’.’

- { . . o] [2d
L sin” 8 d “d!i .l SN 6,(717 sin 0%,7 ol d

a L Ld"® 50 0,
It oo e if b b dgr T KTsmTE=0,

(15371

de wein (15-71) doldl o edWh Wbt . r2sin? 0 51l ool aw
sly « (-m?) bsls 0550 O oy ¢ L,L 055 ol et ad) L
Tye

%f} + m™, =0, (15-72)
Aldl LS solelsy . m o il @ o) Je m Jadl el al ces
pat o leo (15-72) Usldl Lagens wms (15-71)

1 22, 1 1 d . dO m*

d od —
Rar™ dr "X T B neae %8 " Gnep = O (5T

G ¢ ki 1 e olaste (15-73) Dsldl gu oW eudt of Lmd
oA d) gag OB \iby . i 6 Je Q\PS{\ Olad | sty o
0dd dn By . U H DI Lyl 055 O oy« B 00 O et
ey . W+ 1) d Ll 05 01 ot 0V ik | pyet OB A il

oY Gablldl fe Jead

L.



1, _(,iJ dgl'"J_[/ R m2]' o RN
Sn éb]n [/} “d—é““ t l\[ - 1) - :n;lvé! ()lm = 0 (l-)*l 4)
35

d odR , o P
e (R S VRS ) S (15-75)

Y Bpall S5 Tae Bg e ¢ (15-72) Dbl Jyls o

$, = ¢ M (15-76)

i sy ¢ el o BT UK Ggse (15-74) Bl Jgo o 3
Ledll @10 Jad ) wusdtly ¢ S Juaall 3 Jgld] A Lan Lde &
Alall Jgb> ol . Picos ) Foad sgus s (p Jyldl oday cm =0
Bl Ak sgam oanis G o m 21 m i 14 o (15-74)

Diall J2 gl

Tw) = (1 — uz)’"/"’;u;Pz(u), (15-77)

ol zolsdl o L u = cos g ol G

Pl(u) = Pyu),
(JJJJ-‘ K} i:...L d‘)vd‘ el ‘.‘:;) . ZQJL.:.SY‘ )J..'J_- PR 83 Anle J:.E L:?'”’
m=0 & (15-1)

¢ &= AT il el dlazel L (15-75) Dbl s iy o T ps)

. c..gf
el p W+ 1) — 2R = 0. (15-78)
dgs dg ’
PASY) Gapall d) AWl sde JsE R = £V2Z o salsy
%z dz
52.72?1 + 571?1 — [0+ P-4z, = 0. (15-79)

Badiie ga jud agus sasaie Ol by . PiB) Wavas Jisal) oda LS sl ¢ CJW Jaill TR
3 Gall cda Jaaiin < Pycos ) Gwan als ¥ Gagee SV b ccos 8 UV sgus

S asd Jeaall
e



15-1 Jgus :
u = cos b G ¢ PP @l Hud s9ue souas

Designation Function
Polu) 1
Py(u) u = cos 8
Plw (1 —u*)"? = sing
Pa(u) §(3u2 — 1) = (3 cos 20+ 1)
Pi(w) 3u(l — uHY? = 4 sin 260
P3(u) 3(1 — u®) = (1 — cos 26)
Pyw) | 35’ — 3u)

- Pl 31— — 1)
Pg(u) 15u(l — u2)
P3(w) 15(1 — uH)¥?

O dw Wslas e ¢ bl s Gusbiald Tue U Dol oda

sl e pms o pese S0 W2 4 Gy i Byae Aoladl oda Ul
L}"“'.‘ ;.“.) L.Q..J.t- L,Ua:; u.J.U‘ A‘VH_lfz(Kr) E) ‘]H-l/‘?(xr) LJ‘)A)JL\ ‘LAL-..”
de 1+ 3 a5 “Neumann function” (s dlsy *“‘Bessel function”

Ly S Jer Jlas s EMI oo 0B drgll olae (51,69 L
Y el

4jl(/\'r) = AT 2 Jopr o(kry, nikry o NT2kr N odkry; (15 80y

Dealad L}; “ C.Ma.H chp ey
WU (k) - Jukr) b jrateey, RYY s Julkr) e gnalkr). (15 81)
LY o o

h ke 3 WUy 3 nedkry s kR

122



Syl G 1= 0,1, 2 ) Byae sl eda . (15-75) Babdl Yyl
o) sl eda LS50 0¥ bt ¥l Pl ols IS £36 h s . (15-2)
LAV 0SS s T

< LEY Jer
1 Je
Wy kr) ( - —
KTr »®0 K"
41— jxr
2y e
hiP(xr) o -
Ky L Kr

PV UKl G0l S v Al

'{I/ Jer

15-2 Jga=r
49,801 Olgis Jw Jiso

v

- o ¥
RN S/ /{10\/"/'[" (oo By e

{15 82

Type Function
Jolp) (1/p) xin p
no{p) {(1.p) cos p
ko (p) - (4 p)e”
ks (p) (. p)e ®
Jj1(e) (1p%)sinp  (1/p) cos p
n1(p) (Ip)sinp - (1/p%) cos p
h(p) (1) (1 + j'p)
15 (0) (e (L jp)
; 1 3
Jz(p) [ S,i «]sin p o Srosp
e P p
: 1
na2(p) 3 sinp -- 3 - - 1co8 p
p? pd 9
. o3 3
5" (p) ( “d"(l i )
2 P J.op) p p2
W2 . i 3j 3
hy(p - (7. ple “’(1 )
) J. el S

e



el oYW Gl LiSe (15-66) 5 (15-56) oudslall plascals
5 (15-67) cbolall plusin! Ss oo 3« TE Clagald yy o8 @11

DoY) dall

I .
| ! A
Vo= - ¢ [1 4 A’r] cos 8. (15-83)

Doy W laEl ol

. l) A) ; 1 j
SR I . . I [Py S L LI U v} sin 8.
grad ¥y = a.c [r s K%‘J cos 8 aee Lr‘l :

K2r3
(15-84)
wl 1G] -
E, = rxgrady,g = —a,Eee’" | — -+ copz | Hin 6. (15-85)

ol o5l Sle¥ Gl e DLl sl Jad B Jsol e
DAY oldl bl

_ 1 . .1 vy _Jkr J
B, = ~~~]acurl E, = ];Eoe [Kﬂ + “-|2 cos fa,

k2r3]
1 el 1 7
_-j‘;Eoe] [; = 3] sin 6a,.  (15-86)

S e 42Ul oYL (15-86) 5 (15-85) ¥sbll g« Y 6, S
do weins G By S E g obal ol Bt i gy pte bl
BY sy el tL-...Y\ gle 3 Lalldl ;\y‘i\ das 0G5 1/
PO IS H WS S tj\.«\ oSl dng i 3 \;,,\? S, Y sgudd
Glasl azi b Ly S ).L..J\ s> &adie @Yl syud! oddy . 1/r2
G Lol Lwal obd 0555 Ly S obell oo of L BLYL dI as

.(_}L:I\ by JU8S Oy ‘?;.”} ¢aoadl palall e caddl t\.uY\ FR T

1311



(JlasVy doshl sg2i same 35 a) iogl) Woles 15-8
The wave equation with sources

Sl G aldl syl G iy Sl Dpndl olegll Bl cdye il

P, ) il @8 Bl oo 0¥l L closll sin Ll 148 e
P S U JUAR SVNTSI VTS URPSCY U3 IS P ANV TAPIN B A BSOS RV PP
Bl Gl sdey ¢ Gkl G sl SUeS agdl il Gy o Al
ko SOl db Ladly LSS 30600 Bla 3 deaicll Sl
Caedl e ol Bl S ab o Lae gyl eeb Ll edl el ol

B curl A, in o~
de Jat  (15-14) Dolldl sladl B dw plascal

curl £ Cocurl A o ARSI
4t

Clpans LMl Lasyl L ! LS oyl Ll el Lo
DS daall S Jat S5 ue,

curf{ E )A 0 (oo
e LS Sl e 0B ‘,w Sl E +«“A/(‘[) Al Gl ol L
ol ey S T ) el

E grad o ':A I

A¥a A blidly 231,801 ¥t (15-90) 5 (15-87) Slbslll ax

Yol 3if (@5 A) opdl sde Oy ¢ LWl ey A sl gl

Bt s (15-13) sl 3 E 4 B .2 (15-90) 5 (15-87) wyslll
A

curtoeurt A . Brad . o i



3 Dbl Cpayy ¢ (graddiv =97 ) L IL (curl curl) o ol
: .\.4 « M

2

‘ d¢

- VA e 3z - grad div A -1 eu grad (;; = u]. (15-92)
Il A el wels st ol (A el Gl b Lais « O3 b

: 3 Y1 «lLorentz condition» 5,y b JMal b e Luf

div A - ep%‘zf -0, (15-93)
CibLl BU g 0SS ZZU Dbl o)« (15-92) WLl G adgel
PN Ll Bsle Gl A antll 06 ¢ bl e i

9 9°A =
T2A o = [ 5-0
VA €L 2 uJ. ' (l..) 94)

Dde Juat (15-15) ibbdl G (15-90) islall Lapnns « Ui BLaYL
- e[div grad ¢ -4 div %?] — b (15-95)

Jlaelsy ¢ A antll o o 3511 sl Jalislly wslll &5, Jlaieby
de g (15293 iblll) 5z, b

L 1, (15-86;
¥ ot2 e’

Ao e ant W sedly antll agdl on JS OB« 53s bod JNly
-4l o ols «inhomogeneous» il e Lo w¥olaa uid

Wl islardl iy denill g Lorsll Wbl oLl Jd1 slg ) aSe.

NI PRI S SR Dsbdl G+ Osisr Dsld pldh JA1ole Y Lacall
Chsbadll Al W gl Blas isladll e Dol Lol Jo o
c A LaS Dogas gt gadsd sy dwsbeoll Yol S R I ROy
Cheall sl e sleld LS DI G3d Lol I pedy o O
Wl LU = il Bl Dbl Gk ks LYl el 0
Ol G bl Wobaad W Q4T o Glaw Lol Jd1 e Joiy U
Gkl eda Comy Wiy . dsladll Dbl i Jo oleY BLL Las,

L8



(5)9-\ A....:Jn.u UJL Ju")—\) w’ui‘“ L};L“llrh.dd}, JL‘Y M)L‘C.-A-J
il af Aol GGl

Alona Wy dgmzeWl Lmgdl Wslall Jo slel s

2
v — eu%g =t (15-96)
bo¥l ihi o Lhidl Lol cwldl @l L cnldl 2t il 3
sabldl ol 1iSay ¢ oliiu=W

Vi — euZ?l =0 (15-97)

“Asladt RN Ul F G cd'pY\ iz ue c!‘,.u Ly R ol -
J.,o'w iy, b 4 MV’J‘ MY\

/szdl [V ¢ €U a{:_}-,. - EQ(/) (15 98)

u)ﬁ u\ or ¢ NJ (;“"“’)“ sle Y u 3 Aol V'L“i‘ CU,,J\ b (s
LC (15 97) UJL&M JJ- JJJLS- LS;:«.M 3 A.L?)u‘ PIT J)Ltwbj . .L.u r (}“
:;,;Sz\ Gall (15-97)

1.9 s8¢ 3% \
r2ar’ ar P 0. (15-99)
x(r, t) I

e(r, f) = =227, (15-100)

d1 (15-99) Lolll Jymss

a%x %x

5= e =0 (15-101)

eV



s Lgi oy Gl Jiany Gy s ly am 013 drge sl o Aolall oda
O R T N AT sr i e FLE¥RY

w-r vil,"\’éu
Dat e A sde gl dsly U S Al &0 Jxe flu) Jasty

of df aw _df A& dau d¥

G oduoor du orr du? ar | du? (15-102)

3
af i u’f . df 1 02}. 1 (]2f ) |
G dic ol T e g, 0 e e D108

e (U5-101) @bl g (15-103)5 (15-102) <¥sbll &5 Gaysms
Dl Jo p 00 ol Sl 0= (e Shaads 3 s ol
R UVed g @l ol ol e ke el o1y . (15-101)

OB i s Ve g

X=Jlr = tvep o glr o 4\ e) C(15-104)
90 e DAl O amy sy . (15-101) Dslaad Las S Ji

oo RS Ope ol libs Ll Al Lyl G s I gspY
eda OB WSl iU ey Lo JpY0 wkl ad (15-104) Wsdl
Libm # Gl Jb) Yy U oYldl bes Lol )i oll,e

Cbls) ! el

con (15-97) bl by )8 bl do st O sl § s

Jr - t/Veu)
T

¢ (15-105)

S et byl (s 4aS A e Getg O L 0l 0 s e yde
SLesdl sl oF W ool LY ssy . Ll (15-98) abldl
Dep 5,alee and (15-98) 5 (15-97) sl o el

¢

drer (15-106)

REX



Sl dwsle (15-106) 5 (15-105) Jlsudl Jasr Sl oy

fr — yVewy = LIV, (15-107)

N (15-98) 5 (15-97) <¥slll U ol i,

at — rVew (15-108)

T 4wer

o(r, ) =

U.\L\u) c;ﬁ.a; Yy (15—96) U.\L&l\ ui s Uu\};) 3 1:;.:.2,..” o.:\q(-J

pirt — Veulr — 1|l .,
qo(r,t)—-m/ r—y v, (15-109)

“retarded scaler potentialy axiMl Geall gl lede sl &l
Jlos . (15-94) Bsladl Yo 38 Y Vg G2l iyl 3L Luse
bl 2 e eYldl L YT salall el 1 53 A olenld

P 0sSS R x A, Usbess . (15-96) Wsll J1 (o

%A,

VA, — et = —ula (15-110)

i Aslall Jor 23 ke (LS 0 Yslas) Volall ode (0 JS U o Sss
3 e S Juamis « (15-96)

A ) = £ VJ’(‘ ‘Tr‘_/al‘““) @'.  (15-111)

SIVIPREIR S RN

(vt — Veulr — r))
Ao =2 J o df,  (15-112)

“retarded vector potential” ¢ axzll Gyl gl J2E s

oYslally 5,8 Laal 3 @l a.au,aﬁx sl Sabidl i)
ubtu\.uuc) d}l’A.....uAL.ud u‘ c.py (15 112))(15 109)
cLaill o LS)J-‘ O-LL.A d )L...H, YSESAL S99 &L.” Mbﬂﬂ‘ .),QJ-‘

£¢4

Cmrbliio s 401 451 olul] va 4,



N Tl 055 joan dhis IS el sl ol il o) G Jad
iy T JW 2hi d) jaall oo JESN W el sl luis t
Jol 1his 3 sogrpe q hi L ol Yooy Jo iy 1V
YT oaw o amed 5o Y el Tie 0l 0 sl e W el Y
o Bl Sl iz ol Bl Ve bl ) 5 Lam) e
WLV oid (aadl pogll)  Lss S Trpe eenS U1 ) Ll 1
sy W) olas, LUl LS, il LU oY lugs X1 L ky

Yl o

div] 4 ap/ot =0 )

YT sl) LG ¢ anma Wl aedly axdll LIl bl slg) aws

sday LA anill Gty gapll Tty et sl gl sl

Lhee o0y ¢ ol IS Tadl o n bslgl oSG 20l ol
L._..J duaae AU oL

LW el oWkl 06 Gl 250,00 gl Lag puing
Sl Jol g Z.:..LJ\.S:U\ PRTY r\.\:“;.,\ v gi,;L\, G tL-.LY\
dode e Gealdl Jeaill ¢ gpoldl Gl 2 008 (s ¢ dkanll
G LS mirs o mis oo Wl gl Rogudl pdll Bl dl )
Lhidl oladl ge Wl g2 ¥ &y pie wldl Jadll aassy o
L3 ol

Lo,



Fl

oSl Gudee oo 5yl blg) ¢ (uilste g ©13 daece 15-1
2 sl or S € byl dsle 65 Sl sk lem s on LAl 54
65 peol O d) dell cimd . C il Sany . 8 laad ko 53y o)
Lot sl (1) L mill Jame oo i ¢ gms ¢ AU L b gy !
Gl sarst (=) - W G 53 L sl (©) el dls daacl
S G b Ll

DSBS 1 a1 L BUS iy il daey Q 2SIl G5 1522
A1 sl dohll aole) drpe HLn) Ul 3 LSl edn a3y . Jeosdl
) R

Q = we/g. )
DAY Clss Ul we ey Sy el Q e

f =1, 108, 10° cycles/sec.
DSV Aol sl do by an @l drge Wslas 15-3

’E  OE
a2 T *a

]

cabolfl B3 E wndll oF (o,31 L SU el Jld) amie Jluie g E O
u‘gj‘)‘\dt @39 Q\AA;H d*JQ‘L' .y g.‘;\.).,-Y] olé”lg ¢ «U“.Aaﬂl.j)

=t+vVes
=t—Veusz
sapad ] oladl ods LS L Sl U Do diS il sl of s

E(z, ) = E\(§) 4 Ez(n,

coleas ol W Ey 5 B of cos

@B Dl By 3 gt o gl Johll Gl Dyia dey. 154
L3L,eSl B GUST il byl o 723 sVl Gylzay Ll
colslaze « Wy s W ¢ ddb Ll

BVl iy slhane Lcbling 4 Krge 15-5

Loy



E = iEocosw(\V euz — t) + jEosino(V epz — ),

srsl ¢ omy ¢ SBUL gubliall JU arsl Bl Tl J& B s
. Lo g Amda

W Jat A phie Goluny 8 b5 ddoosd 33 pites Jas Sl 15-6
UCERRCIN RS TP FFIPRT TSI RIS RFESA N QT S Jocan
L oo,sd Jsb 0l aie daki) L) mhe dy> lizigy anil Rogeall 251
. dakailt Cﬂl:g EJU\ d):- 5)‘)7 CA \4.:1& Cduas L_.;J‘ i:r.:.Z.J‘ U)U)

st a8 el o el il S b oW L2 15-7
Lo dirge S5 055G dedndl LW o 541 . 1300watt/ m?
lada WT ¢ Soges L.L}E..a ol uajai) ¢ g.-,-,l\ d,la” ie:l:-i LLZ.Z...A

de 6ot Gl slas Gkl adl sasy) sl Die o 141715-18
ooy ol

F, = pk+ JX B,
¢ (14-24) oWl Unadl Zald¥) dalhdly JosusSl o¥olan plaszuly
T ol c,‘..j
F, = —eoa% (EX B) + &EdivE — % €0 grad (E%)

1 . 1 2
+ €(E - grad)E + s BdivB — 2 grad (B”)

+1 ® graaB.
Mo

(b iy 6 W1 55 BUS l EX B 1S3l Je gl L L)
2 Gl Corsll olEYL x5 By Ey 1 53¢ Doyt drge 15-9

E = iEp sinz%r (z — ct).

C35s) bt G if e STy (A Jazd) ancll

LoX



Cremie O (A, A A dele ) 5 (X, Y, 2, jet) oleaSdi* 15-10
Z.-.:.ajl) sUaall .\)-\L‘ Ol cab) . .)LMY‘ Lﬁ,‘cb)

3F,~k+3Fk.' s
.(%T oz; Oz

] Al g oseSL c¥ola i
Oi.“g,-(;‘-lzo)p':o u,i‘;u‘«_o-&?u: sLaa) c.b) 15-11
s Gy A ot ami Ul pa oSl Yol glazsl

1 3%A

gz - %

divA =0 VA
Q,&Q?é;lzgoeJ =Q AP.=0 u)ﬁ'b L)L} 15—12
o ol s - P=P(x, y, 2, ) (uslly pisall Uy Ll PGlhaza ¥
Co> . (5 W)ZSJ)@@UIAW&,SL Yol glazal Sl

stV Z gad
2 1 3%z P
Vi-G@mE=—o
3
E=curlcur|Z—lP, B=—1—curl(?—§~
€ c2 at

O g3 ¢ e=e J=0 p=0 055 L L.y 15-13
¥l lazat SV oo 0b poy MK, Y, 2, O DIl Ghae i)
oYl Y Gid ces Y doLal amie A e ugeSl

Lox



1 0%

2.
VY -G = M

Y

B = curlcurl ¥, E = —curlao

sés Lol Js ) oSl Bolae 3id S5 wl oy . 15-14
: L A?-t oL‘Y\ (:s}L..*A) U‘“"k""""’ J&)A

(1) E

real part of curl curl (Fa),
3
B = real part of eu 3 curl (Fa),

ol
(2) B = real part of curl curl (Fa),

]
% curl (Fa),

b
I

real part of —

WYGyUabw&FJQUWS»,&Jaw

‘ot



( “we? ¢ P P4 RrB
Ay ‘/w@/

LSl o¥olue olioks
APPLICATIONS OF MAXWELL’S EQUATIONS

J Gl Jadl 3 & sl LS oYsla Jols pusis Gy
il Blaw s BLL 0 Grale Gpito oyt Oges ¢ dee danl @l Sl
NENRUP) (U TSN [V R T S SO R ot B PCR (PR NN Y
AW sgudt by o sad (S Aol Lol doladl Jgho sl ¢ L
Cyiml By ¢ iiball i Lompll OWoldl Jylo Bpee s S cizal
AL pan Tuele cple UKo seud ! byt claal \S s jolas e
s byn o~ o o s @Jl AU Dy & ) Glr gl el L“;..H
sl ULl aze -

Ve Wy Gl L dimt w9 i S G SJE Gis Slay
Ll Laa ¥l oo il Joy . i Dsgam Uyt it Of bt Lelatl
olr 3 leplain G Clgnall LSS 310 L Wb ye cimiin by o)l oid

-

5 el Ll gl dgem Y1 5L

Boundary conditions wogudl b 2l 16-1

Ll oYW Laad of (g g dogad] byl poans
¢ pSle SVslaw o Gy o Joolill ol mbll e b Ll



de Gl G oWy iUl okl bl keall £SSLl AU
Per QoS Wslaw ity B bl el

div B = 0. (16-1)

IS Cn Sy by O ke gl F aie Bs aty e o
i sad) x| Uy B ancll selS e aeldl &k Gohny . (16-1)

:&CL.J\

9§SB-nda=/S B~n1da+[S B-ngda«j—/s B-njda = 0. (16-2)
1 2 3

spadl baps oY pahiy Wy ks ou oWl phdl w1 ol phe 16-1 S
CJdt olad

A (X s 0B Laall e i h Uy ¢ saz B ol Lo 13
sl clEYl by leas Sy g wsm S| bl Jagy Y
B P A I TR [ SO PRV PREVVE S

Byn = B, (16-3)

Cheall LSS AW g S
Loy o fa LU0 &by S LSO Jlndd anldl 2800 il Sy S
s deSL oWl Gus) J2 U LY Bl of ug La

curl E + 20 = 0, (16-4)

Lo



cpr A LS Jﬁ...JI )l....,c S CL‘ dy doldl odm JA& u‘

e (16-2) sl
/curlE nda = —/— nda, . (16-5)
S
— e .
nt =
I ; 1
// ' _ 2
2230 bt SN paiy W ey o JoW! phll e UK L L. 16-2 o)l
_Jdl Olenad

D de Jat oY Gh e «Stoke's theoremy &yt ki Godan

lEy, — By + hMEn + heEsp — hiEln — hoEfn = — / %1; nda.
s

(16-6)

NS Osed ¢ Liall w CAB By oy M g JF Jag @ldl ezl 15
EUR IS TN e TSRY S (PSR VL IR IV
Aotdl o Tl Wl bliuly L ssaz FB/ 0t LSl 085S Ol iy 2

D de et U

]':“ = E?Q. (16“7)

dolyn 0SS ol cx E SLeSTl U sad Al WS, ol 1id
cdeldl Ll Y e ()

‘ IM.» }\.ﬂ SR 4_.4{;)@1]\ W Logeal L8, ogud) b2l o)
odd LV Aslall oy ¢ L..a.;l Kol Yl Gus L TP TR U )
D AW

d.' =
ivD 0. (16 %



Loty « (16-1) KA1 G onn 1S bl UK T 65,51 5,0 L3 131

/V divDdv = /V p dv.

de Jat aall e A B Jags cueladl L gk,
(Dln - D2n)A = UA: (16_9)
bm|g‘%,.ym‘@l&pww\5mladﬁw

bl e 3 oladdl am Lebs Ci¥l e Tin ¢l Y il bl
Gl cibsie 05 o) g Lmdll ol Lhs¥ 151 cell o ggadl

divy=—2, (16-10)
J..lﬁ )l):- L}& Aslall olm JAK.J) . L.a.“ LJLL....«..J‘ U""" f—\)>‘ L..S.s:’

9o N
Jin — Ja2n = - Jl (1() 1)

Lol HUSTY s o) Pt o hais Ll Jehll ol glatl (o8
S Ko (6-11) Dslll o o6¥1 adl Ol iy « @790 s Limsl)

T W ' IR 1 Y (‘"’L"““‘) L0 iia
D = €E, J = gE . D

LSV el (16-11) 5 (16-9) GYsldl pia

6l/'-‘vln €xlipp = O, (1(‘)‘12)

Gl 9ol = jwo. (16-13)

q,u g s il . Ldaat AL o Aegd!l YUY o e dhsda QS.CJ

: .‘..I | .
&1 €
g1 g’

Lon



Pl 13 5l T sl sl O 131 GimD ol (Ko deact)] el
gy = g2 = 0, or ».

‘ Jf..u wl VS g,...u.! MLrYL u\—.l...a).ﬂ (LY 4....: l.g..: u}ﬁ LSJ‘ UU-"u‘

iy Cresdl Cphoyth WS 5 L (o235 1 DU Ly G o

L9J‘3 ‘JA..a Ssls ¥ 0 sl L L poae pdile ool Qo sgadl e

5 (16-12) gubldl o e oKWY (legd AV AU 0,5 L,

D 0sSS Bkl tie Amy L (16-13)

(el j’u‘)) ( )1 ) (16-14)

255 Bl e el puy © Gagum bty Usgsi LY suie (16-14) Dslll
LA Wiy, 1l Crall g g dacar (16-14) Ul

#2YiE 1w — piV3Ep, = 0, (16-15)

DY el Lhey SUSYE el Ji oy s

v? = wleu + juwgu, (16-16)

055G baze g o Ko ips ]l Al Jlay L (15-47) Bl g 1S
ol g At sda a . LU Gyl ¢ 85 Sy sl o sl S|
oWl Gins Ol UaY 0/e sl ol B de w1 < By w3

) C(16-12) 4 (16-13)

Ll RS e osm gl bl U e Y1 Gogad ) bl O]
Dbl L asb bl e e Jads H O poblall JW sa
JsSh

oD |
curl H = T J (16-17

lia 521 16 (16-2) Sl @ imdyll Gl [l soud] LU Jys

k?b).).i—\ ‘LJ\_J\ u\’ ¢ LA.JL-/ l.: l LS )L..UJ u-‘-l(<_y| uj.).?' uaﬂ\: J.aﬁk
Iu}.ig c.:u‘

¢ ol



Hy — Hyy = j,1, (16-18)

H GSm dl do Lopadl Labdl L3 sl 25, Bo i e
BE- 1Y

Ikl BUSY A5 ) Lo 4l Ll Labll LSOl 5,5,
ol 8 e g, adb g Lol Togae Bl s g2k ) ¢l — Lzl
CRLIL ales osdl Jrosdl o5 U 1o ol )Ll kel BLSUI
POB B ded g0 e Jeopd 1iSay

Hy = H,,. (16-19)

Ssle phegll oY el ooyl o dL o g (16-19) WL,

.(GN) Bate 05GH oo blall Ul sasd il 25,0 of « 2L
b Loy 1S ¢ DL Gyl U Lyl sl eyl OIS 130
Dob

E,, = 0.

bl (16-17) JosuSl Dolan 5hd (5,00 idyat A1 dms slel LSy
ERN]
aD,

curl H, — &5 = I {(16-20)

—jot .. . . PN -
ce I Gy sl oS By O GaLiy LN il pliscly

Mo

1
E; = ——. curl H,. (16-21)

Jolall uL’ ¢ a5l k_,d)“ d J..aLa...U AL!L’) e PI'; «‘,‘“ (LMOJJ

bl
C..J el 3 .L...-.“L@....A, BENERY sl L Ly

1
H; = —curlE 32
2 ™ 1l k,, (16-22)

.



bl ob (Hy cads 55 Hy 2% S gei By 2% o)
G Joli i e aie H b lall JU1 su) 2l 28 ,al g3 gud!
Zu,ia M\VYLA L')L..a uda.«,“ »Y u.c,.J‘ d’“"}‘-” slle U’Q

Hyy = Jor. (16-23)

o 3 oot G0 B g4 L5 dsgudl byl Lasyl
¢ g = 4 QZO,(‘-‘J (16—1) d).ﬂ-\ S-,; :\7‘)-)0.‘ ,L}J\.f.” FRYY uj) cd..a.a.”
Cip e Ba b e 00K 6l RS deadly

16-1 Jeud)
Losadl byl
g E. D, H. B.
gL = gz = 0 Elt = E?I Dlu = D2n Hll = H2t Bln = B2n
g2 = ® Ey; =0 Doy =0 Hz, =0 Bz, =0
E1t= Dln=¢7 Hl¢=ij. B]n =0
g1,g2arb. x| By, = Es, (61 —g—l-) Ein Hy: = H2¢) B1a = B2,
= (62 — _) E3.

Q:-LO)A e u:.huj e J.,o‘u.}\ NEA N )L&JY\) u«\inﬂ\ 16-2

B }o.a.“ b ,U\ 9
Reflection and refraction at the boundary of two
nonconducting media. Normal incidence

( LI S’ MJ}.\J—‘ J:j)..,u r@l\) ;L.J\ ‘)‘..Ja.‘)‘ ol (_,JL.J‘ -).....” d (

CJa.J\ de bs}..s il DHetee olbrgl Jadly KON edulae gliztl

,J.iuj‘ o..L._cL“g W}J\ W u.,,oy u}.J)L& u:_‘la.m) bL‘-.’ J.«,aLn.” g“:‘J‘
. (16-3)

£\



Sloyol) Sosadll byid) 3saifly WSwY! . 16-3 Sl

sl SEW G Aazdly 1Ll il Glioy Hy 5 B JS801 s g
LI AN G Wandly Al Bl Oloys Hy 3 Ep 5oz SloeN
ol ol bt 3l s UWL Grsl) ey Hy 3By 5 2 qu»w
bgll 05 i ¢ | jano Gols 7 Ldl) e Xy — Gendl e ik
SIS oy L endl lde o de QW daugly L e &
S eYldl x SlaeY1 olEL “polarized” idurdl il SN

E1 = iE“)ej(‘lz_wt),
Ey = iEjygetoted, (16-24)

. F(xpz—wt)
E3 = iE3¢e ’

K1 = wV €11y 5 K2 == @V €aug (16—25)

Vbl 5 LU bl oY) cudy L (15-39 oYoldi LsY)
DSl Dol o oMol 3 AL ST

curlE = — % (16-26)
(16-26) dblull 0 « (16-24) Wsladl 3 pd g5l o 2dly gl ¥ lnall

LY Al ) B



3% = jouH = joul,; (16-27)
Bua.u“ Z..“JL:).QQ‘ QYG-\ o lb‘j;.c u)s‘ L_é“ Z.r.«.:.LL.&l‘ QYG\ u‘b ‘.,\r)
o < (16-24) Loldl § ol g

H, = jVei/u1 By oe™* 7",
H; = — jVer/u1 Ez 067751, (16-28)
H; = jVex/uz E5,06 """

.AJ- Z =0 A.H> @ .L)J\.J‘ Ty Q,..,..‘L..‘») . qua..U Agb}auj‘ UL.{).U

Eyo+ Ez0= Esp 9 Ver/ur (Br0 — Ez0) = Ve /ug Es .
(16-29)

:E;m J“ JM‘ ¢ E3,0 9 EZ,O é\éY SYoladl sia J# s

Ver/m — V€2/Fz . Eso = 2V €1/ m1

= E
Ver/uy + V E2/#2 ’ Ve /uy + Ve /ug e
(16-30)

Eso =

Py 26lly Ll Oyl 5L I eYET suf (16-30) sl
odd dawy . Jaugll diolyl parameters Jldl DYy liSy il ool
cYslall I e L bliull e¥lad) oludl sud L us ol

. (16-28)

el Ul Jo oNel g Lke Wl @1 SUl Gk OIS daa¥ (s
Jolae 0 adey o, 1 Lo® Bl s 0555 syl by . (350 Bl
DY Dby DL g2 Loyl
n = ~/¢/e,.

: -‘1"'&)

Y



DAY Lall n AV (16-30) Woldl e peadl LS

Eso _mi—mny,  Ezo _  2n

Ejo ny + ny’ Elo n+ns (16-31)

o UJ} ‘uniﬁa.“ C‘J\:.:...gj) 4..’&.:.40 CA wL.:» w‘ 2\7-}“ e U‘\
Jadl Jalaa G apy L B diine A & ol sl il

«reflection oY Julaay T, «tronsmission coefficient»
;v Y aiaall Ry coefficient»
E; X H n — ng\>
Rn = _2,_.._2 = ( L 2> , _29)
ExH, T n (16-32)

saad LSl Jaee a5 T gy de lilng anis Gy Jadll Badl Joy s
rol Jdby el e b

E3 X H3 n2< 2711 )2
T, = =3 X3 _ T2 .
n E X H, 2 \nr T s (16--33)

Q‘Bcnl:ljnzzl.s&?ccbj);bhqupugbq;ﬁ CL.J)' i
LUy SVl Ja ke

R, = 0.04 9 T, = 0.96.

SUcdas 5l Kas of L) dasldl Bl e 0B « @ste g2 S ¢ Ly
Cdoldl el gl @ B O3 O s

c(16-31) islall ihimYo o Laslg] Ko idlod) dage iinisy
(16-31) Wsldl o dpY) i) 0l Ny o STy Sl o ¢ wanzlly
G a5 aepy &l gey claadl @ Gl La Jul Ly iz 0sC
bl gk e oo 3 B BY gl e GKOU we ekl
GBS AV du gl e MY aie G ki aadl Ll e ool

¢



Gloge a6 by o Joldl bl e SLSGYI S *16-3
S Leidis
Reflection and refraction at the beundary of two nonconducting
media. Oblique incidence.
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The Lorentz transformation as an orthogonal transformation
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Covariant form of the electromagnetic equations
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Tronsformation law for the electromagnetic field
O ol Lol Eilaall s 542t DS (b liing o501 JU1 0T s
F ] Lo el el ol . d,& e A...,L.S).- J..a,& uLS..YLa
F,, = E Za“,a.pF af: (17-52)

@

Lad) Jeid ols u.\..s\ sy ¢ (17-34) sl l;..u > Dl oda
@s = a. G O dadl

oA



il X oG U de e Kot Sy T deghdl 6 e U
Dldes < (17-36) Bolally ¢ o) ©Myd mas . T Ljadl gl

B = Fiz = D33 a2aassFas
a 4

= F33 = B, (17-53)
By = Fiy = 1. T GgatisFuy P
a 8
1 . N
= —7.:'__'——:;5731 +]—T;§::::ji=;a,
V1 = gt N
= ——1 (B, + (3/c)E,] (17-54)
= \/_._:_EE[ y T {B/C)Lt,l (a0
PR TR W AT
B; = —-';::_1—:5: (8. — (8/0E,) (17-53)
V1 — g3

Lol LAl JBL Gl 6y

K= jebiy = je 3, 3, a1a845Fag
x 8

== — ‘_‘law,, 2 . ___.l_vr - ’32 - F ]3 - ]

—Jb{ = ﬂgFll 1 62F14+ 17- 331’*41 . Bgfee
[ B g ﬁ] : ,

S L B o4 rl = K 50

CR, Bgl J P + 8 ,7 o K, L9

I‘/”z = Tl ‘,;‘, [;'-‘z - ('SBV" <1‘7k58)
N~ 82

Ll ol e ALY Wk WL B g E ol o) pan Ty

\w» }i- u.sr A ;\-'cja.?...la\

FIPUY LWt &-“ SYslalle odel g iheasti| ﬂL.J\ A Sl

:M‘

AL ,
b i g 501 G B bl T/



1
Ei=E), E.= (EL -+ u X Bl;
i | il W

(17-59)

1 1
B} = By, B = \/1——_55[& — ﬁux E],

Logeall LS M o L G @ U L) sl el | g G
&5 OVl e
DY el o Cdgadl Cslie Jiy

1
\/I—B

E| = EY, E. = [E. — ux B];

(17-60)

Bi = B, B, = 1+—u><E]

vi- B 32[
3+ b liay 8l JU 1 LS oMsd opld) Latsla s Vi,
. r.)LU\ .A~.I\ g éu' oda ru\a.:.mJ

The field of a uniformly moving point charge.

b Lally 400 801 0V it Ggu g0 OMpsd 386 (s uﬁ
q ihidl L=l o ad . Lhin K> db g ihs Lal e W
C(17-3) S e sa S X Sl Yl Jyb de 0 ode b & as
Clndl W, B U G 0,5 (2) b olilasl dphn of sl
CRal gy o 3ok 0 0 Lokl odd Joo¥) B Jands

ihi aie oY) 050 A ¢ 0 Wl § Lt d o2 Lphall
:@YKPJL%I

B =0,

/ (17-61)
E = —L

47"6()(7'/)3.
L (17-60) plascnl aod) dghi 3 oYW slel Se

(17-62)

’
o g — vE, — L
Be=Er= k= Awenl(r)? Eyi= 7By 4meg(r’)s

ov.



oP(lield point)

q

o z-axis
] 0 (3

88—

/

o e LU imblilly @l ¢80 CYW oY Lused! bl Y gk . (17-3) UK
G e gwis) J o uall anie Ji 0 AP ¢ Gl B Lkne e U g
Jit X7y B audl Lk 3 e g X s (D sl Lski g Ry 27 Gkl

T Lkdl g Sl

: C:-ae (17-3) dslall Cre U’Y‘ .o Yy=1/A/1— B2 G

= Y(z — ut), y =y, 2 =z,

Al o () Aphis §) «time elapsedy (gaill o3l t Ji o
W Ja 1l 0l iy - (eshildl SN Ghi buae Gho g
QQK 43\..5,-

r' = {v(z — ul), vy, z}. (17-63)

¢ Lall R* LS80 G0 culdl

TR* = {Y(z — ut), y, 2}. (17-64)

£, — g Y(x — ut)
T 4weq YI(RHZ '
-9 Yy -
Eu - 47r€0 73(R*)3 (17 65)
E, q Yz

= Ameq VIHRY)P

LAWY



s

3
R
E= L (L 8, (17-65a)
&Y Upall R Gy s
R = {2 — uly 2} (17-66)

Lol GYI @yll g £ W1 ) el oL G JWT 0K,

U gAY JWl 0) eos LSO W O o oSy ¢ Ldaid)

Bl Al do gy Komie Lol o o @BSU U1 O gidly . 6y 8 U
S e Goseall gyl G suly

POV Al b Ll JU

B, = By = 0,
Bi=viuxp =vluxp 1
2 =75 A (17-67)
_ 1
= ;;UXEJ,
n
B = ~I~u><E.
c* (17“673)

ote



e

S e plasial 2 UL Lghia 1 Gapll Dol Jy> 1 17-1

ol e 4 (17=1) Dol Al Gl
e = Flz — (¢ — wi}) + G{z 4+ (c+ Wi},

el S calls oM Gy F e DUad] Usled) N i

T ol Lohd Yol ¢ gasba o6,. 55y oMsd olal 1 17-2
E,,CJ_HI»Y\! L)‘L‘l‘; (s ¢ z L,Ja.il ,'_;‘ L....JL‘ u ch\..; ZS):e.:ll
el el padl suels el C 2 d) aedl ulde 3 et

” ut v

v 1+ uu’/cz.

B b gl 5T, E ;.Lwdu,és Jig o : 17-3
rPPUIRERES IS S TR STV : B E o0 3 Jad G 5550 odsd
Nie sl B B JS e ages olEL cu oSy ¢ 3 dnphlll
[E XxB 4, B2, E? gy, w+6)

desh pitas Al e 12U SLLe U1 J2E (2-30) sl : 17-4
& o5 dashil 530 eVygd 2T L (Ul sug) Amd) 4 la,ud Lt Jet
Tzt 0, sapadl Laghidl 3 B J] ol . Al jlan oldL U Ky
Jo . (8-35) Wslll Jitll $L e L Jobs e o sl B U1 o
Ogomin s O Sl LA ale £ il Lshidl @ LS Jt oy
03 LSl LUl Jalo ey dob sluza) olEl &

i el L 55 OMpay BEe B izl pall il eae el 17-5
JE2 - ¢2B2 4,20

G Tndsll (il Bmcll Lhidl Lnll ehiyp et asl 1 17- 6
e sl Taall B yua i of ey < (17-9) uld)

oY



‘/a ' !i!j }iV%!S
/&.y/‘ *

ELECTROMAGNETIC PROPERTIES OF
SUPERCONDUCTORS

Ll Joogdl e £, s 18-1

The history of superconductivity

u“;,i ‘_‘,d,.L{ Tgw i oo 1911 ple 5, JgY ball Juoyall dimyd
G50 o dnad sl wanssT pud 4 H. Kammerlingh Onnes
4 .4.2 °K ,)1,;\ ir s ae Lalh Ly slas anslin lizs] buy,s
¢ duoogtl bia Al ga a0s 3 Lue B T, Ui Z_.,,L.’jff ¥
g Lol o 10712 34 b sl Joosd U 3 daglill sl JLIY o
l)L.> ol wey ¢ LSl ogilale agaa 3 L.,»-) &l AU
bl pole ! g Tl § Clpadl e Gl ie o tais Qs
u\ (_5}.9 ul.nJ; ‘M;cALKWOsqu o}nju)wuu&r', J...,,o}..n
Ludl ol cos L b Al Jusgdl A g \)m,o Salus S dylal)
BV e oy aily L sad| ,,,u.n Coogy dulyd paudl § u, Ji
& «intermetallicy sld) Louall SLS Uy LS (o ©liny Iﬂ..p (22)
«transition temperature» aJas) o) > clr s ©ldy Juosdl Wb i
d1 (hafnium (e 5U1 e 0.37°K 32) 19K oo B o 705
)30 s 5l) LGBV 5,040 dx 40y . Nb,Sn S 189K 1y

AT



oo demdt et & Gl )10 L s (o (critical temperature i 4
wod Bl Bkt Wiy Joepdl Wb i A G Gl Bolze Nl QU
3ymy dsbanSdl 350l delo ux d dr ) 5140 Dy asied L el
eVl sl 3 bl pie o) ARadly L pamidl ad Leall (xoad!
Yo 1 LVt YUY G dadl 5)0m de s Gk g ) gk i
S Dy L Lol L) i) Gl sl 005G Wi 0 sl b

C0.001 %K s w45 am d) Tk wn

) Lsloe Yl Uu-bcwwkjl,&ﬂwuﬂuu‘ BRIV
o ST SIaia Oy M) L)l 5 0m L pS (guadolian U2 ke
A dut e Glhg, J)A.i ey ol e wim el
Jamadly \.\..,«,*.J\ Ol olg] (5 d)"*‘g)‘ Jle Jala 13U .«critical field»
&J\me%dlwleu\&mLMW\du‘ Al
o (] am byl A s o Jly L Ay Al Jél
Ly o kil dL.JI C‘“J“ do g 8 aii (Sanlopdl ol
YL G skl anS e 45 G LI godly Bl e Gl cs L
05 Sl pmdll U3y Syl Zbally sl (RN
DAY sl aer cusin Jis «parabolion 1L L [P0

Hc = HO“ - (T/Tc)zL

5= T o 1) Wl 5,0 Grys J Ty g1 JB1 g3 Ho ol e
Jit we dardl 5)d] Lo lay) de) @l O Hy 5 T, 5 (il
A de Glell aall 5 ix s we zo! Uy e ojldi
CAS H, Jo bbbyl puladl paad JUSY G ey d1 Lo 3L
ol olpll sia gy skl cliebar Blal Wby d1 op ees

oS b il YW G a0kl G 5S Laal

oSl Vol s 0 BN ¢ Tl ooyl S 2l g

g @bl el il a3 Juall ol glza¥t g1 sy rU‘ oo gall
gzl e 06 dWby ie 055 of g deosd! dball a3l Jsls
sl 5,00 s o Loyl Wl B d il @35 151 fe dazay
vasdlly Codpzy pas wie o 53l @bl Il 3gmy e )y
“)ﬂoﬁaﬁ LU xS 5 Sl odny . u*‘*“"ﬁ‘ iy ol s (geab Ll

A



o e (b allides gl BLS) a2 22 e s1) 1033 e g
iyl o (W, Miessner) bl i e doe dpd lew,d
ol B ol Lol e dlemsdt il ezdt Wi, L (R Ochsenfeld)
St ey il @3 151 Lo LRI G e ¢ @YWL B G Gly « wbls
5-?.%‘“*‘ .&),&..s d«awj ksm.ls\wai'\ PR u:\: Cedea s } WJL«“
funy o publall il clails sl o e e e
g"u;,,,; A e (S ¢ «Meissner effects LU 5 alk ,x «exclusion
ik Ui 3y 93 £ O ez kil Juosll of 4a u,\.m W3S
o ot el e L b denbliabls Lhid 1LG ol ) e gyls
hes 000 ol ade oy ¢l @l Ll UK O A Uggnd]
b ladl Jlondd Slps a2 ol Ak & Glaha] S0 Al 000 L
b bl (}o}lﬁu ] LJU&_,.._.AL- soallal s ) WY\ u\ Pry
el S el Joos g T ) b lies 8 lio WY
i s Lopaall sda el ol st ib all M,.Ucrhd.lu)lﬂm(y

!

v et

PO R R S S SC VL ST T I W30 03 | I V1| R PR

oo o Keacisg W.H. Keesom ¢y Jud e JUSY) e Soaiilage Al
whoy L5 450 JUnY JLal s cld,d)l ol cuiely . 1924
(C.1. Gorter) Posm bd e catzsdi “g;,yjl.i! (:93” C.)).C @l asus (5‘,>'j
Lol A e okl ¢ 1934 (e 3 (HB.G. Casimit) pelS)
LSalusy AN lawll “phenomenological theory” Lo),alkll
sle ¢ (F. and H. London) ¢ud Jui (m 1;@;,1\ U»,&l\ ) WIRY
il aeily Jded JiseSl CVolan 1 olihlan cins! s s &« 1935
pbw34udu\3;bt}sbh\ Lalial ){_,;(.)wd.-adl U.&d ol
w41 1950 oo 3 “isotope effect” xbll ialh Glus) 5>y 1935
aolas s Gzl 1950 ple 3 oAb Gelogey LA Lk olg
APRY C‘ ubg)&DU dalll M‘LJ\ dl ass & ks (H. Frohlich)
P50 d cdld WSy B s el e Pl gopldl S AT G Laad)

T MU ol s pin Lpdis oS00 015 Jeosd! the pole Jo iimie WM ok *
oSl B o cuml el Rl LB U My el Ll © S
Gle “akadl Sl e by 5,alkll sda . (C.A. Reynolds) julys s (E. Maxweld)
ot AN oYl iy Badl) e el oba AU o Jalal w3l o s G 4l

C A el @ pal) sl é;y—“

a4



o)l gos 1957 o @ By boall Jooydl AU 591 volsd!
L,k (J.R. Schrieffer) ,a 2y (LN. Cooper) ,.,5, « (J. Bardeen)
el bl e @ bl Jeostll 1S RSO Dk ] G e
L 5l B Ei) Ui Bl e Gk clle B kil oday

bl eNogell 6 Y Db Ui g 6801y ety logn Al @ lially

Vol 1 (o psSs crasl) Lobi 3 Gimd oblss sue Ul ¢ el 9
UA_!LU..:L- ldag ¢ gay \S wlad L pe r)***-’)z” 3 abdl sl o)
of oKl oo I slpll ellzy Ly & i 2 Lot ikl S IS
sall Gany o dids 3.5 G Bxle Lily - 05O 5l Joosd) Boin 005
oib . s S 500 syuzy Tur il 085S S5 (gl i odle U
Y 6l 1w Ile 055 of el o 0B sl ol ol
J1 s s ¢ Tball Eloostll o (@lls s AN G dll PR
cpaadl @) et g AN et dVsL

b @ Bl d) ks 6 ball Jeesdl paige O malsll
ol ¢ ells gy - paostl Clall B i (KN oswae oy Laal)p
o OS5 0wl Tk a8 - el Dk (ol gkl
i OMsse o Azill JSL e osue Dby eSSV & L)
de sy ¢ ASanbop A AW 3 LU cod 558 - penlS Bk
L, OB Al Lol o . dais L ik Lal ol3 005 LB Qs
bl o oL Sl @Yol dV &Lkl LWl e BLo) cass o)
GMog o deill oYW 8 cad) b 0T G b liay )
s3aate OVl e \lidly 0ud ks jsh Jueddl e sol slas L db ja.
U Ll BB e sy by adll ba G gy
G2 de A gdai ¢ ibie ONose Je ezt L b liiay I
ikl idaeyl) dud) ol kol

ibil)l ologadl LI b Lo L1 1 g fUl gp}._” Juo sl 18-2
Perfect conductivity and perfect diamagnetism of
superconductors

L,.l) cw.)).n.u MJ@L AL)A.U (—J)L;O’ll ul (,JL.J\ ..\MJ\G L.L?Y

OYA



,‘:;.,Ll._;.;ll pasill o) Llai¥l o 6 W) daally W s ol
che ae ublall JWI ol By pt) witeer sl 2 2il 4,4 Ladl 8
bl ada 0ly - (b JB1 D sl 0K Sl 3 ey bl Joyll
uﬁ,cd;Y\&ch»Y blam} 0 v d! lan Jo sasian
c bkl ool el 0l kS o Ul 0 ontiall WS de ot ¢ udall
Ludadh Lyl 500 ¢ maog Giall oole AVaL wad D3l 23U

Ceblin dle G oW Joosall LJU

d\ 32 jlada o ead) d....o)..” e end oK Louae 5,5 (581
sk gl gl s s S U il (s ) J Y i
Jl ok G = Jeesdl 050 L u)\ﬁ D)o paaly bia
ub i Je oLy . ‘Ljalld,a,lld,\.\u&dfdbmgs,bdbﬂﬁ\
~1) 550 oy 136 L QUi Tie 0l aB/at 33 LS 4 ol
i Ua*aj\oquchorL.....‘JLéd U o5 doess s clar

t(§)>‘ AP St I (U\ gp,.o.” ‘)Mo,a..” ‘s-aI)LJ G’ o)ﬂl d}‘é B A..sla o

‘JMQ’L\J‘JAAJ‘ 0L.Sub¢\).n..a(5,l..a@..lal...udl$d 5,500 o ) 13)
Cdlan) de @ by o e de fW sl aeyd) (B30 -
W;W|Lw¢aﬁuyru‘ ol Jeesdh OB Wy . (‘L"“q")l"
L..p).o > |)m Ssle B axcll o6 s Jo eliy ¢ oola) A (b s
gb;BY ]).440 Ssbw B ol Jally | dlaiis 55 W) (s
des d.p ol O X =1 0,0 AU ol oall} crla =¥ Joos
Qs,,., s 4o dpadt LOBG) sudY e sday s I)M $sls B
. sa\l

d..p,..U Leoblad) Cilpd) g Js Il Pl & Oaw Juaill lia @

JUCRNY S0 s [ VRN T S W Lol fmall gl Gguy ¢ bl
daill BY) 5 on olm) fow e Sl Bl i s« paosll
B =uc[H+M] = 0 : bl Jodl dsls o d) s o (el
RSN G,T LGane blyly il oMogll (o dlolWl syud) sy
dosll 0f oo LU i . O aiee B J Bpageadl LS4, H J )
.h.-,ﬂc \.u, K = —1 G50 LLU ol Lablia csl\f.)»,l:,al\
Ll y,uca,g;w\ AR (5,_.,.4‘&, b Laalls ek @l
WY dally J Al HUS

. i’

ovA



jsm = n X Moy — M

(1o Gsle Mgy o) bo¥) mhdl do bosas 7)1 54 1 o) cm
Lr¥) Ty = cul M by BUSG Lend | biiadl olS s o
10-1 sl wasdly ¢l Jaadd!

2SS e L b il osll U1 B = H =M :Ot'ad.;.).aq,.a3§
U)KJU”):"\’HinU‘YTJJ‘) j =anoutu"“""u""‘L“)L"
b g G oLl o s Ls\ Jla arpY Choyl lia § . (1 aw
A cal IS galzz 0UsG b i Juosl Glieydl Olda L b il Jesll
ek By 0y Gl Gadl Ol .+ ket @MW1 e 5Ll aZy as
bt JIsl Lin Jslis of culddl oo gay A oy L OB (pas ol
oblis Laad) ol ge ois dle ol Yl L Jeardl
it oLl of s 0y Gl (Y1 5 e Jeal wy) Jaziastl
o bl oblsy Laad) ol e O oo 3 H O pslan
3 e Jpadl Sl bl JU41 &S J2 B ol by B I slas
UL ge sl gublin Jle L8 Jiud Ll clssl H g
oSy Wy Taisly suw oL og o la Us¥ W1 o « Lk
J\}.UL“; s,Ul iagd) u\)l?J\ u\ }AQU\ Gyl . L'...ia..a.o ..uu L o
g @ (dsr 5> Jde Dl 0655 1 M0) Bl ssan G Eslzedl
N s @ dball eyl g oSy L IS 0pSY hall olLlS
e Wb all ENogall daziaddl OF cao of WY Tk ¢ el J1 BLYL
Lol @) e @l Gl ocels e sluy) adall ol e 28l
kg eadly ;.4\ vadl L B Ol ek (oLl OB« (Ll edald
.\.p\,aJLu_,H M)b\muslchbbtﬂlL&\uaBul
LS 36 1ib Doy ¢ ) Gasy Ty 5 I 832 WKL o6 UL Les i
bl Jeogll 3 e il 5T e
“XUﬂwMJbﬂMJHu“dfuubbﬂwbrb—b

slel LuL.« o;l)>\( Y \lg-....L slazel o WV s u\J\ dem D oy
4o g0 o3 Kl d1 04i5 L2liall o t),J‘ s ol d1 sem iy L Ll

a£~



LS, pttlan oy G p3lill aldl (5 Qs g s ST Al 3
- e B o (o) eloall

el pandll slad) ezt AT 18-3

EXamples involving perfect flux exclusion

i i BUE G Gabll S, el asly
Loan Blphuly ooline (bt Jle 3 Joosdl dbjie 3,8 a1 pelad
Gelaall WS pumtl Gany Y Usb 13y AU )Ll dlls Jusydl

ce YU eda g Ol Ld,t Joais L Cﬁ}‘_j 18-2 adl g cunedl

\(S‘L}A.U dﬂé’l‘ cn.-.: L;’“JJ}Y‘ ;&L..A” ("‘J . BOk a)‘.—\i.o (Jd.....x Q’Jl?
DY el b Lopadt it Al 0B leblae Bl 0l )

. 3JQ‘ CJL,'.
B — Bokasr — o, sols s
divB = 0,
(18-1)
curlH = 0,
B = puH.
D5 S e ls

B=0 H= -—M,
curlH = 0, (18-2)

divM = 0.

r=a 0,0 e

B, continuous,

) (18-3)
Hy continuous,

o8N



GladivM = 0 p el 58l oYl g wl 2t syl Uslal
Doyie 3,5 Uy L laa uUa:\ dery pds U"L"‘ L}“' w)m\
Olenze ¥ Gpmebliin ragr Jbol e oYolll ode pluszal Jwesdl
oMY Dol Oliit praghl oo Oy - s Uy s 680 g Uj la
planial L CILIE ladNl Bl o, H gl sl Lse  giay
cad o laeW kL (18-1) o do¥ Al dsly &y SO e lilasdi

Ur = — ﬁ— rcosf + E e~V Py(cos 6). (18-4)
=0

‘+-J

B, = Bocosﬂ+uoi((+1)c,r'”+2’P¢(c05 8) (EJQ\ C)\é) (18-5)

l_
(éu\Sub r—au»MB u‘,oﬂ‘&\)bmd;bBu\lS.
o U’L LSJ‘J C, (VS \)a.o LS)L.J u\ W c,

C) = —Boa3/2#0.

O 550 ki i o pST 030G G T ) DL Al el i Vi
ab sl Jlal ¢y cH O el S Gogadl Bl di Y
G r=a & Logeall B 2S5 4l ey 5,500 sl B =0 0 oW
Gy« 1=0 aie Ui Uy ugdl 055 0 ot 5,500 Jsbo o s J41
Ol 1iSay . dais Pileos ) plasiul al Logadl byl 05
U} = dyrcosh,

(OB Jolidls - e g cal dy o

H, = —dycos8 3 Hg= dysiné.
g S0 s Hy dad ol by
Hy = —3(Bo/uo) sin 6,

de = —3Bg/2ue.

oLy



)L:: Ry uﬁ)gi‘:i? ga.k.‘)l:..; J.z-,_.gy G M_Jz.eﬂﬁl.u\“ P
4.:.0.:.; (’-’GL—-« M

ismM = —3(Bo/po) sin § a,
P 3V Bl sde pasds (Kbl s
. EJQ‘ C)l?
a® a® .
B = uoH = B¢k — Boﬁcos Ga, — 1B, 3 sin 6 ag.

D, sl

B=0;, H="2Bog, m— 380y (18-6)
. 2 po 2 po

r = a «¢
. 3 By
isy = — 5;(;35111 fa,.

5 S L )W dhal) coel @i bl QU dlie 0SS ASW) dipall
ikl bl iU B = H = M = 0: awadl b s,
D Aed CL““L}‘U‘*"JQ-’ g

jS =n X Hout - “%(BO/ﬂO) sin eaqp
(AW Ciogll e el Ko
: E;i” C)l’
a3 a3
B = /.t()H = Bok — Bo "3‘ cos fa, — ‘%Boﬁsill 9 ay.

D Sl s

B=H=M=0. (18-7)

. 3By .
js = — ‘2 ’IJ"; S Ba“,.

oLy



QW)“ ‘ (’L‘;’l% C_,Lr Lol St g ('w}ﬂ O A2 dedl el

(I I . J

e - 7 . - s . %1 R .t . N P
Sl W F i 5. L EUPC IR § PR P S o N
3 H Q&JJ L}"")‘i‘ pn?“‘.) B=o Ol M).” p' g Ui \},\ . Pl L..:%.c);.,y‘
» = N

ol « u)a-‘ -...a—\a oo St adizm Q X e \:;; olbsas Dlent (& i
JS'N N ,‘.-wi et Ol (3\.4‘._, W‘,& aldas N I s*i N 3 H e 5

el g X, Gl g G W dsde S Ol LRt 13 L

GOl atit i ol il e BT e 3 L LU PR
u.:a-\s M 9 i - u,....a bl Jads W» \,,fe w o )1,7,3‘ d" \',La:Le

P H 3
'«bjﬁu e))w I ,.a\ml ():. \..,N., s ¢ 25 ,¢_, Jla ._f»>j-u”s "}m‘/‘g\‘\i

r.&:«-.a,...) axle Qﬁ) ¢ l-“,.»..( U"‘?}J’ i 51 4 S gnihi:\:.:...l. ,,,3,‘, \.)"’ . .\j;?,.;;;ﬁ,;i

Cales 3 J g adds ! A

adh Gilly Aidstl GLD Un ! pus oy gl G101 JL
‘_,‘L'..;} \;Lﬁﬁ _)é-~..i.' ;il.‘b-} L‘s\«(‘\o’ \,'}.c AR g_LnaayJ‘ ik e ‘u%uk:..,i (i
d..g,.ki [CAREY IVI B} J Qs& O ke t.;"""" . ,waa‘..ib GUL....\ " ;""%)"‘*

et {éﬁ{.j b"f ICHNY e faa g “JA.,‘.Q g:,jk..,d L{‘i:. Jo yail

Gl sy w8 =0

crrld b euri M = J 4 Juy = 0.

\LL..SJ.‘ iV osda ﬁ..! Q}QY c:au RO PPN CHN| uSu:Y al3lll sla \.‘,éi*j

_ . R = s * 1 ' L. ) .
o UL \Jm"nj B oy js‘f‘jsm JA% uS :v.n... ghe ol 0 8 el
Chedan S W SO0 LN 00 paog (od a3

Lb,*f I)‘L:.? uué-; a o dad i (v_L.) (5J\ S Jl. 4 Y >aal

TR R BT P S AP TON U (T S LT DI SRS
gals P TUIR ERCAS NP L B = (e 7\ \}-:\.»:\.JJ.‘
B = /J‘OH == (“0]/’27{”’“)&9
P ¢ oAl Juosll Jris M, H = 0 c Y eyl ol
L B Lol BUSU At danyt Oy ¢ lmbidt Sl L i
. ‘Jb‘;«‘ii

T = {l,/%a¥k

594



O JO R PRI T W ) PR WP RO

r

H = azao 5 M='_'_"—ao.

yls

Iu = —(Io/ma®)k,
jSM=+arx(§l1}oaad>=§%k,
ois-l oSl ol Ginogll Gl . Ty JSV L) Jod 43K 0555 515G
sy oy lday ¢« Glshe¥Ml s B=H =M = 0, of 4o bl
L g i S B, bl e WS LI ol
s = (Io/2wa)k
ey paad sl bl @Yosll ¢ bl ol e daadl ol

sl b
18-1 Jsu>
SUASI) Ll Jole Jeosdl) bie Al Oléleo
Formulation 1 Formulation 2
(Superconductor as magnetic material (Flux exclusion by real surface
with X,y = —1) currents)
M=-H#0 M=H=0
I 1
Qutside: B = uH = yo—gac B = uoH = kolo
2xr 2nr
Inside: B=20 B=20
Ior
H = Wﬂo H=20
M = Imal as M=290
I== a2k J=29
JA” - Tazk J‘M = O
Atr = a: jsu = (lo/2wa)k jsy = 0
js =0 js = (lo/2ma)k

0Lo

Gmblins 401 L dl oLl vo 7,



OLsG cpiegll crda 0F L byl Jusll Jsls M T H 6 il
oS
o M = H = 0 Llaall b ¢ Jo g cpzen,all gl g
L.o,.a:- ‘ lJ..a.u JRe SL g Ll LU e L ibls spete dmply
Lloall 055 ¢ Lnb Ll Gatlasll Dje 508 el Jo dlzall gLl
ZUly ol 3§ cuia bl M8 pusns Wy . dlaall o il Lyl
il WLl aly Jo G ot Rl 2 et oSy ¢ RIS oS5

The London equations. Oud Yol 18-4

Jetf 5l g § Tar Bl ol o addll slas) (55 L1 il g
J.,a,:u u;J:.,» u&.u Cou\ o ! ,,Ja, J...:‘:Jl o . 'J,,m d..a,l\
g‘)‘“ d-wor-“ P3G (Rl ‘»Jm P2y ‘UJ-LJ e U&YL: JU
Hb‘a)hu: J.u..J . ‘-"‘)ﬂ)‘ ;\ﬁ‘l._»} rLJl

Dyne i SY Op (Ui Nogn ) (6 Juoge il Nl
Wy E Gut 3L eS Ji¥ 3 Ias b WL, . «retarding forces»
PR PRY)
myv = ¢E, (18-8)
UV 1 Sy domad J2E V5 Ll uls S J2 m of e
Lls ob o« pxdl umgl el n iy cladll cduls 4 il Juas
LS LS (18-8) Wbl b3 I = ngy i L3
J = (ng*/my)E, (18-9)
Casany Aolall odb LY dsl, L J = dI/ dt o) e

curl E == —3B/a¢

D af

curl J = —(ng®/m,)B. (18-10)

o¢n



plasiuly Y LSl Sl . c;Ja.r.‘»VCJYlél A ok
g J dl};_;& curl H=17

curl curlH = — (ng?/m,)B. (18-11)

=) aml) oLl Gy plasley  B=ul (5,
L (divB = ¢
VB = (uogng®/m,)B. (18-12)
92 Y Cias L Sl.oy w2l cd-.a.!i IS Dsladl odn 2.“...57 i
ol Lol 2 SN cagll oY G azey Z = 0 gedl ol

(Y o5l X Je oaensy on ols « rhaodl ale B, = on‘ By=}§z=0
D By g Y Bl Bl o Ui

d*B; _ pong®

d2? mp

B (18-13)

CSY Dl Jren f6 Js ol

B, = Ae~Vwonallm,z | Bevuona¥im,

ey < dla] FUI e Gl s ol o W T2 sl gay o
:éu,.B .ng"LMc‘aA:Au‘l}Z:O

X

B, = Boe Vhonatimy . (18-14)

5 Q D9 a3l Ao (m,,/,uo’nqz)l/2 )‘.;\Z.‘.U ui oLSj L...{.g U)q....a
d\,’ d,.k.“ lia U)K,! 5).') Jﬁ ‘v\?“) La});ﬁ‘ J:.E n )L?':"") QJEKJ?U mp
dosall J1V 51 3 s de Jo (18-12) Dol ol 1i,y .1078m
oo BLU sy Lt oaan .. CAS el 1l B odai ol el
las rL\“ d..p)....U é,‘.l.“ ;‘JJ’J |J,7 c}«a.c U)g-' B ub \'&h) 1 ca....,”
o] gl Y,a.u L......& A Doeidl oday L did, Akl did Jsls

£

W sl sl O S 3 B =0 o,

oty



(W esdl Juosdl OF 6,30 5 Jli J su> U skl
elas) Jlsl O] LaS o Jai L el s . panll slasl d 1 sy Y
(B S o0 Y B LS, (8-12) Dsldl Choy 1355 ki padl
Jogall Js1all 3 Laall G il e iadd oo Lol Ji5 Gpu B i 06
M@,ﬂm Gl ki phi Jo cim wlidl da o)y . bl
*oad ds e dbLall @ Nuosal

boin W5 1 UL B3 S e of Rkdl eda @ Lo
,5s Jgjgs «dissipative current» coia L5y Jg «supper current»
‘Jdisp «displacement current» i-1;}

J = JTs + Jaiss + Jaing (18-15)

Cald g 49” 1333“ SYsWL oo ws azidl ol jldly i1 o\)L:_';‘Qij
sl

Jaiss = gE 3 Jaiep = 8D/a1

Tos @Yl odn 5ledy . gubliny oS0 JL T 8% wad ga icll
Dl J 1 Gl G AL ] oad Dslagy JoseSU @ Yslagy (18-15) slall
odn cadsiinl b 13y . [Lliie o0 Y J 3 B e dzia 53, (18-10)
o5s ddisp 3 Tdiss oS on IS 0F L3} O o By 20l
el odb Lo oa . 10cyle/ sec oo J5T olssjd Iy o Glin Uis)
Cddeass oSl g Losdl Ogng JdlSp 0 5 Jgiss = 0 @ wasdls
3 oo @FU Al el L ol Dy IV e o il sde 0555
c bl Gy addl W e 3 Jun T il LU L Jeadl e
) ag (18-13) foguSl @olas o ¢ iy

Js = (1/ug) curl B. (18-186)

* F. and H. London, Proc. Roy. Soc. A149, 71(1935).

LA



izt e Yoy b lall BT ol do dlzie Dola slg) (o8
:E;SH Oad o,

pocurl Jg = —(1/A%)B. (18-17)

B, J o Y B 5T, de Jexts UG (18-10) pe Dslall oda Cilid
o Y Vbl (18-12) Dsleall dplie Dslae d1 Uogis GG iy
phenomenological» 3 alhll Gl e Ju;\f ae NS .
J SEENIPC] |  S NV 1 R PRV g.by ey Jal_§ A «penetration depth
(18-17) dslall . (Jsb Jl.u‘ & A .aLu\ ee qﬁ Asldl @ wo ul>.5l)
Lde cors LY Aoy dazie Whad oSy ol 5,0l d1 558 O
o

poJs = (1/3*E. (18-18)

L Dyl Bl G Tols) Thas Lekis ¥ a3 Asladl 0 « &l s
D de Jwat (18-17) 4 (18-16) ool wm o

curl curl B = —(1/7\%)B. (18-19)

DoY) el LolS (Kl g divB = 0 of &

V?B = (1/A%)B. (18-20)

A AL (18-20) dsladl Jo oSl o (18-13) Wbl ¢ W )
P08 2502V Canas

B:(2) = By~ (18-21)

L Js I sl JWl Gisl WS Ll U5 B e Sas B ol Uebl oY
cbjie Joogs Jla B = 0 J Lplhll Logeall  p ods
La uAESr; (SJJ‘ A ut),&\ L,...puLJ- U}L‘d u\ajla.» e a9
Imdly G b gl Gses . bnasd N Gual Opelee WSy ¢ 31l JulasS
l.ud...ldél.).i‘ Ll d‘:"’)*“ ,L).uul.ﬁ("ﬁbg))l?ubuo)ucd.bj
JSIL ey Lb bl Juosll 0 13) 1 Tur 60 0550 39501 Gl

-1R.



15 GL W Gae O 5 ¢ Y Ad) (o L B skl Gl sadl dd
Goe O 130 L dusuz L ous dI 05T Gge dblall B 0L 3o Wus
ol sl Gl Lhall il o ded 13 TS 5T Toe Ji 61
o Jal Bl . Dslall Bl1 olls e ade JYaY) Ss 6L G
Ciiall S ad | 1 UL dsls iy G ) ds e seiad Guad!
e Osde or A5 5o Ji Lrdgadll WU G G131 Gas Of a7y 5
@Y Gsw Vel § Do fall Lol OB s o sl ax bl Rzl (e
Pl Tpnall odn o il (Sall i e S s - Tpaal 013 B
dadl ooladi Ofy . ead! dI bl Sl e L ol e
Opast Jo o Gab 4t G55 plasniol el poll s o dosr Ul
JB1 OF b oladl sda @ Lebl . 1939 ¢l § (D. Schoenberg)
GIAE N Gae 0l Jaostll @b jia 5o Ll @18 Pl iy (gurbliall
eseidl O LLoY Wangt G cLebl Wy L ad) D de aain
CLanl g3y e G Gadd Ll

oY JesuSle ©¥sla Jo 50 (18-18) 45 (18-17) 4 (18-15) oYl
ol oYaldl sday L pud — JoseSl o¥olu deaz e ol 128
Cibjie Cose o ALzl Db ling oS0 BLA Gond §aS inenl

Logey L popie 3o Gandll slai] psgin o Tl LBUY G st
e did ) Lk ek lin (a0 G52 Cum BN Gas pogie ¢35 s
d1 Tslaal Juoll Jorls 81 g US Ll U85 azesdy ¢ bin Joosn gebau
»(is g S ) Jgm @bdl LA s r)gbﬁoi W oud Gk
g, b @ s Jg boall L Bl ol w Lol Lay . dl 53
hiadl U5 BUSS cpein drp Y Ly L gl o2 Tl iy L
U acdl G ki T ke L BUS s oKy ol ki o)
o o daseSl oVl plaszl Bl cmasall galldl g4 Gy

Poad Vol el dltel 18-5
Examples involving the London equations
oda Joatd Cige ¢ hraii IS8 0 = gl @Wolea o oF S8
ds3 Bl . (18-3) widl G dug,all Joleald 355 T Uyl sy eYslll

00



dle G egoylly (2 Lk Ciai ©13) Joopd! Ll 5501 2l
Saluns sasdl ol we L.L.w- any Jldl tay . @)B Lﬁ‘t‘l’l‘"‘

) YL daadl oYoldl L Bk

divB=0, curlH =0, B = poH, : 5 5| s
(18-22)

VB = (1/A%B, divB =0 5,8 Jsls

by sdly 31,el JalaaS (o5 gllly Bl Ges J3 X o) coes
P p S ol Gt @il Bosudl

B = Bok r= o0 s

(18-23)
Ob etan LsSS By g B, :r=aqaxs

iph i) sa s Disy Gl dhn Gl asgll gosadl bl
wu,.lld b‘ucMJJ‘wC)M‘LJ\.«J‘ liay .r=a we B,

ubLJl u\ Gl @.“) co.-l...“ n)ua.” A.vlv- d u;» G‘” st [l ]
WY 05 of (KoY (e @)l Laad| c.»bl...J\ Caally ) u,,.u
r‘jSM ulS ;‘y.v ganL..a )L_.t Ly J)?)Y 44\ Lf‘ ¢ Gl sous )”\.9 3‘
¢ et 0LSSM g H J gl S U Y cdUy sda 4 g
CS b et B Ll L8N O]

colsme Bl pean ¥ 0 ol JW slg) J2Y el g o)
sig) ¢ ey (18-3) widl @ Ulas S 4aiay b der iy pad WSy
SR YN S STP W EN ST I JEN [ WS A P &S

VB — (1/)\2)3

b g andl Ol sle) s Dy S el Lt 13
Asladl oid JL‘ :B\ ugt Z.Z.J)L.” °'iV‘3 ‘k?‘l‘:"\"‘ O dﬂ ul?u)\gy
ul.n...” uL.o- W UQJ co.)y.an.u dLL\ L.,«...J oda (JJJ ca} 4.’,4..»
ZL_..KU 0,rul.5,.ulgmdbm, Aa....UulA.JY‘

VZB = (1/A%)B

LA



Wl &b ofs Tar Gy adadl Lin o) By 5 By oo JS g ois
Gechdly skl OB L6 Lob ey . Tiendll gle Uoles JS iy 5
G (18-3) il 5 0b adey . Ul Hin Gl s o Gl b
linid D oo Jledl S ds Y CdEl o oL sl
J= W Losudl by ally o¥oladl sda oYy ¢ Lagud! by 21y @¥oladd

..A,\,

o s Gy LSy« els) Ko doald oY1 Ziadl odn 05 ¢ okl
. a
Gt G wmsll oLl ga P ((cos ) udt of (18-3) wedi § Lumy wal

M)Ja.‘J CM [[SY u‘ uoju..J .aﬁ‘ C)k’ NN d.L‘ d U*
u‘;chl Oud ~ ‘_).u,..SL-

B(r, 6) = Bok — b(‘;’)a foos 0a, + ¥sin 0ae] (5 Sl 2,15 ) (18-24)

am gl GLally . (18-7) e¥olll o ds¥1 Doldl 1 &lis i)l oday
58S hiak e iU JWY e sl A @ b o B dlasl e
wu o - Agad) byl Guda e b Goaadl il c\,,wn oSl
Lk Jal ot (18-3) widl oy « 5,50 ads 1l M‘L;,,\
Usladl gy (18-3) il ¢ M J Lo i) Gl o @l puy . od|
de sl By o d €080 U¥s e 0 Jo ais B, ol ug (18-24)
D0 W Ugiall Lo il OB Sy L sin 8 Vs e 6

B, = u(r) cos 6 (5,501 Jsts) (18-25a)
By=o(r)sing (5,31 Js1s) (18-25b)

DAl GimS cws V(D 5 ulD) il slg) (P2
V2B = (1/A%)B

¢ (P ZE)‘QJJ\;-‘ ,«L)Js.ﬂ‘ cdag . I = @ uls M.\)-\J-‘ ,L)Ju.” A wJS}

t Cf. Morse and Feshbach, Methods of Theoretical Physics, McGraw-Hill Book
Company, New York, 1953, Chapter 13.

00X



u{a) = By — b, (18-26a)
v(@) = —Bg — b/2. (18-26b)

Yolall ud ¢ (18-25) Lojall peall pluslyy curlcurlB ¢,SGa. izl

DAYl
. 2
the equations , % o4 u= — 2_7)\_2 " (18-27a)
and 5 ’
2
d 3
rz%r_g+2,£+,%:%,, (18-27b)

s ud  (18-27b) Wslll o Lo Lhayy T d) Al (18-27a) Wslall Joliny

v = —u — {ru. (18-28)
J..a.‘. (18—273) Jslall o dv/dr s )LAJJ-Y Za:.ZJ‘ PRTY rl»..:.»b,
U Dol e

2 2
2du | g du_ T .
r —dﬁ+41‘ dr = ne U. (18 29)

Uslo Jo Joat P =1/ 4 o Jazdl pad) Jlazely & = 1u ol Lo
=1 ot e (15-78) Dol ] sty sy ol Lo SV Juo Jlgdd
de Juat (15-2) Jsudl gu §,(/34) J41 plaszaly

u(r) = ¢(A/r)*[sinh (r/\) — (r/\) cosh (r/))] (18-30)

(18-29) 45 (18-28) ¥sldl (uy . oI b wie Uazie Yy Jd1 liny
: ol o

01 (RS PO RGN R

O G €y b i linl Ul @bzl Q41 S Aslall oda
e odn . (18-31) , (18-30) , (18-26) wY¥slull plasinly Lerl sl

T
¢ = —3B, <‘—;) sinh (%) , (18-32)

T



b = By [1 +3 (2)2 ~3 (g) coth (;)] (18-33)

oo 1A iz oYW 0sGY A/ a Sl s il s W s
O.n:uj‘ sy . o ,L)u JMO}) ol 5,50 (18-3) wdl 8 ey S o1y
PN RPVURES N IR ] s coth x 4.S3l of did> plaszaly s

il o x J

. AN A
b_Bo(1—35+3ﬁ+--->r 2 <1 (18-34)

. ll/a 33-)3: U}ig s)ﬁ‘ C)l’ (Jl:r.o.u JJ‘Y‘ C?’UA:J'J
L6 T Jag sl skl Gl g Gudd o¥olae J4 L1 Sl
g LI T ,‘,\me 5 A ki Gaas i a ol LoLad

,u|\‘5 j\,...| u,.»lqu.J dl_...!\ C)L?J’lb.u (g’n...n:-)l..z)bj dﬁ‘
R cB—ﬂoH

(i
(18——35)

H,-=H,=B,-=B,=0; B0=M0H0 #0271'1'

DL W B g cdll Yl d oo d

1
VB = 3\—2B. (18-36)

AJ;L.ilc..mdl.u, ré;.h...ulv-b-.]uﬁ OA.S,MLB U‘“\‘d‘\“'“u“‘)
LY danally (18-36)

2 d 7‘2
e By + 7‘ (l + ﬁ) By = 0. (18-37)

ol _]r//l LDJ\AZJ 13)\) l3ly uly é:.l) (‘5) el d.-) Uslae w PRI
D085y oYl dhis aie sudl g4

By = AJ(gr/N). (18-38)

213

L)



r=a ase Al C)l} B, 9 Sl J.’-‘.} B0 3‘)L~F A dﬁLl-“ o 9
:c:.‘.:; Bg, (:)lé ‘J-&)

wolo Jir/N ‘ _
=% hgary (Al Jsls)  (18-39)

£

ol bk
J1(Gr/N) = jIi(r/N)

Jigs WY (18-39) Lslall LS STl b . 5921 d....a dis ‘_:Lf.g Il,%:s
W miss 6N oY) ol LS Al oda (9 ‘:‘3*‘ ‘w .
rhe o Bl o Gl g SO L B, JW of ol usg e

ool LS Jooladh e85 oam s el

Lilia 0550 dball eMosell T Liaay (I C;\}LA,U sl sda o)
ool e sacall oV Je dlazall BLA el uas pﬁyg, : ‘3’{"4‘*
Bl oda (.J:.*l,wu,muz.,ﬁsau.%m J,o,wg)él.g)ulj
B Ll s Jo oS liay . *od @l g cpus clS' g Sos g
i S Gy o 01T OLLS Play L il Loyl ¢ ALl Al
gty Toad LS e Jeaill 1, BU) L

*J. M. Blatt, Theory of Superconductivity, Academic Press, New York 1964.
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John Wiley, New York 1950; Dover Publications, New York 1961.
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Quantity Gaussian units mks units
Charge 3 X 109 esu = 1 coul
Current 3 X 10° esu/sec = 10~! abamp | = 1 amp
Electric field 4 X 10— dyne/esu = 1 volt/m
Potential 1/300 erg/esu (statvolt) = 1 volt
Magnetic induction 10% gauss = 1 weber/m?2
Magnetic intensity 47 X 10~3 oersted = 1 amp-turns/m
Electric displacement | 127 X 105 esu = 1 coul/m2
Capacitance 9 X 10 em = 1 farad
Inductance 109 emu = 1 henry
Magnetic flux 108 maxwells = 1 weber
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Lol BU gl

JsY¥ Jadll
1-1. A—B)X(C—D) =0, 13
1-3.A-B=0,A+B =¢C
1-7. The angle between R and R — A, which ig 90°, may be inscribed in a
semicircle with A as diameter. As R varies, the various senmicircles desecribe
the surface of a sphere.

., _ 139 1 0F, , 9F,
1-11. divF = T o (rFo) + T3 T

S il
2-1. tan® /(1 + tan2 ) = ¢2/16weq mg 12
2-3. E = 2296 volts/m (along diagonal)
2-5. (a) E = (0/2e0)(1 — 2/v/22 T R2)

L(L R
(b) E = (8/2¢0) [—2- (5 - —4—+ R )
2 L L2
R ’°g<§§+\/1+m)}
2-7. z = V2a/(v2 — 1), saddlepoint

2-9. U = (p/4eo)[(z—{— D {(z + }L)Z—-}— RZ}]IZ — %l
— (= ){e — 1)’ + R*}?
+ R®log [Z+ 3L+ Ve + )2+ RZH
:— L AVG - IE T B

2-11. 300,000 volts
2-13. 1.1 X 10712 coulomb/m3, positive.
2-15. (a) U = (A/eq}(R—3r) for r < R

U = AR?/2¢gr for r> R

(b) U = (po/2¢0)(R® — %+?) for r < R

U = R3po/3eor for r> R

2-17. Treat dipole as two equal but oppositely charged point charges sepa-
rated by a small distance.

2-19. @11 = Q22 = —2¢i%; Q33 = 4q!2; other components zero.

eI Jadl!

U — ralUa 4+ (Us — Us)rars/r

3-1. Between: U =

Ty — Tq
forr > rp: U = Upry/r
3-7. U = —(1 — a®/r®)Eor cos 0 + Q/4meor
3-9. ¢ = —e0.4/2r1/2 on upper surface.

3-11. The mirror image of the charge distribution with p replaced by —p.
3-15. M = (z0/a) + V/(z0/8)2 — 1, image at zo(M2 — 1)/(M2 + 1).
3-17. 3p?/32xep d4, attraction.



5-1.
. 26X 10718 m
5-5.

6-1.
6-3.
6-5.
6-7.
6-9.
6-13.

6-15.

7-1.

c Uine =

p) P il

. pe = —-2ax; @p (on ends) = A(aL? 4 b), —bA

~P[ 3L — 2 " AL 4 2

" 2e VL = %+ Re ‘ VOL Tt R2] outside rod.

. E = (1/e)P cosY

tan s _ Ku

- E{nez K,
. q
. D
. E

. Inside: E = —P/3¢

[er — e2)/(e1 + e)lg; ¢ = 2e2q/(e1 + €2)
KegAU/IKd — (K — ].
Q/2r(e1 + e2)r?

by

outside: E, = ——cosf

E;, = -——siné

a = 9.7 X 104! coul-m?/volt; Ko = 0.96 X 10~1%m

2.94 X 10739 coul-m

18.75 cm

4x R5p2/15¢0

—(R/d)q

e1€2/(e1 dg + €2 d1)

23.8 volts

(a) KI(AU)o/ll 4 (K — 1)z}

(b) (K — 1)Q%/2eow(l + (K — 1)x]?
[4 mg/2xe0(K — 1)]V/2

c.g‘...ﬂ Jaill

(8) v = 0.739 X 10~7 m/sec
(b) * = 5.0 X 10714 gec
Uwgi{d — a) + Uszgea
g2e + gi(d — a)
v = (g1e2 — g2en)(Ur — Up)
g2a + g1(d — @)

’

0 ohms

2
. = 2rg AU/In (ra/ry)
I

([

mgs AU/ cosh™! (8/2a)

(@) I = (62R1 -+ & 1R2)/(B1R + RyR + R(R2)

(b) RiR2/(Ri + Rs)

- (a) 4R/5 (b) (11/20)R
- (@) (RaRs — RyR6)81/[D + Ry(Ra + Ra)(Rs + Ry)),

where D = R3R4R;5 -- RsRsRe + RsRsR3 + RsR3Ra4

. One part in 4 X 108

oA
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oo W1 Ladl)
8-3. (a) 0.0048 cm
(b) 1.64 X 10~7 sec
8-5. B = /3unl/ma
8-7. wolN/da

8-9. uoNI

B, 6B,
8-11, (a) 220 = 222
§-11. (a) dz ar

8-13. curlcurl B = pocurl J = 0.
8-15. B = pugNI/27r, b/a = 4/
8-17. A, = (uol/27) In (r/b) between the conductors

2
8-19. (d) B- (uol/2a) [cos 0 — 4%% 5 cos® 8 — 3 cos )+ - ]
[

B,

2
(uol/2a) [~ sin 6 4 %’ﬁ (5c08°6 — 1)sin -+ - - J

9-5. (a) From b to a
(b) Frombtoa
(¢) Fromatobd
9-7. 1B2a%r?ugt
9-9. (uol/2m) In (R2/Ry)
1. pora®b?/4r8
3. M = {uoh/2m) In (1 + d/r)

JUARIRN N

10-1. Jay = curlM = 0.
= 1/ on cylindrical surfaces, jar = 0 on sides.

Jau = M X n;jy
10-3. (b) (4/3)7R3M,
10-5. oy = Mor/[z2 + (b%/ah)(y? + 2H)]V/*?

oy = 0.

10-7. (b) B, = 5;1()‘11[

iL — 2 3L+ 2 ]
+
VGEL =92+ R2 (L + 22+ R?

10-9. (a) 0.25 w/m?
(b) 0.95 w/m?
(¢) 1.52 w/m?2
10-11. 0.002 henry
10~13. (a) Sintered oxide 0.4 w/m?2
35% Co steel 0.22 w/m?
(b) Sintered oxide 0.53 w/m?2
359% Co steel 0.96 w/m?
10-15. 0.64 w/m?
10-17. B; = 2(u/u0)Bo/(1 + u/uo)



)—2—9 L“Séu‘, M‘

11-3. 3.69 X 10—
11-5. ¥ = 976
)—‘:9 g..;‘\.f.“ J—d‘
12-3. W = E:I——Z LI + 2 BIP 1P + L9197
2,2 2

1o-5, NI Aw”

po(l + d)2
12-7. (a) F = B§XmA/2u0(1 + X»)

12-11.

12-13.

13-1.

13-13.
13-15.
13-17.

14-5.

(b) 1.76 X 10 % newton
Commercial iron: 0.018 watt/cm3
TFungsten steel:  0.395 watt/cm3

—d(m - B)
e e il

(a) I = 0.605 amp,

dl/dt = 1.59 amp/sec
(b) I = 1.295 amp,

dI/dt = 0.558 amp/sec
(¢) I = 1.663 amp,

dI/dt = 0.0062 amp/sec

. Q = C8oll — e~YAC]

7 = Ra — wCR(wL — 1/wC) + jlwCB? + (WL — 1/wC)a}

o? + 222
where @ = 1 + w2C'L — c'/C

. (a) 3.2 X 102 deg

(b) zero to 1.8 megacycles/sec

. (a) f = 1.78 X 103 cycles/sec

(b) f = 1.78 X 103 cycles/sec
(c) f = 0.796 X 103 cycles/sec

. (a) L/C = 2R?

() L = V2 R/w; C = 1/v/3 Rw,

0.0713 — 0.0034j milliamp
1/4/3LC

Vi = —100 — 7005 volts
Vg = 150 — 7507 volts

e al ) Jead!

Fy = (2/5)ma®sBavo

. (a) @ = C(AU)e—o"'e

(b) —(g/e)C(AU)e0e
(c) Zero

H

oA



15-56. B = —iEoVepsinw(Veuz — 1) + jEoV eu cos w(\ euz — )
S=k \/E Ej

15-7. E = 700 v/m; B = 2.33 X 10~® w/m?, rms.

15~9. A = —i(AEo/2xc) cos [2m(z — ct)/A]

e eolldl sl

__2r{1 + cos (2wnd/c)] _[n—1F

16-1. k = 1+ r2 + 2r cos (2wnd/c) » where 7 = n_:{——i
16-3. (1) E1,0+ E2,0 = Es,o

(2) Vier/u1cos85(E1.0 — E2,0) = Vez/uz Ea,o cos 3
Ezo _ V(n2/n1)? — sin?8; — (n2/n1)? cos 8,
Evo  /(na/n)? — sin® 61 + (na/m1)? cos 6
Esp _ 2(n2/n1) cos 64
Ero /(na/n1)? — sin? 61 + (n2/n1)? cos 6y
(b) Total internal reflection

16-5. (a)

16-7. B, = Bj cos (xy cos §)e/(xzsin 8—wt)
E, = —cBj sin 8 cos (ky cos §)¢/(x sin —wt)
E, = jeBj cos 0 sin (xy cos §)ei(x sin 8—wt)
A A
16-9. - <a < ——
2 V2
16-11. B, = ¥ofo 4 i"—smecosw< f)
4r ¢
IoA
Ey = — o2 sm()cosw( Z>: where A is the area of the
41reo e ¢

circular Ioop.

P=61—rIA coszwt—£>
)_:.ﬁ t{u‘ M‘
u EXB

17-8. e = (e 1 BY)

e e W Jadl)
18-1. (a) B = Byi — Bola/ri%(a, cos 8+ apsin 6) outside
= H = 0 inside
js = —2Buug ! sin 6 k
(b) B = Boi — bla/r)%a, cos 8 + ap~in 6) outside
= cla,(A\/r) "1(r/N) cos 8 — apslo(r/\) sin 8] inside,
\\1th Io and I; modified Bes<el functions of the first kind, and
b = B [Ta(a/N) — NJa)I1(a/N)]
T T 0N + (WayTiaN
= 2Bo/[Io(a/N) + Ma)Ii(a/N)]
18-3. (¢} Forr = a — dwith i KL a and A K a
u(r) = 3Bo(\/a)e ¥
v(r) = —{(3/2)Boe ™%
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A
Acceleration
Active
Active circuit element
Additive constant
Adiabatic
Adiabatic process
Admittance
Alloy
Alpha particle
Alternating current
Ampere’s circuital law
Ampere’s law
Amperian current
Anisotropic material
Annealed iron
Anode
Antiferromagnet
Antimony
Argument (of a complex number)
Array
Associative law
Associative property
Asympototic
Atmosphere
Atmospheric electricity
Atom
Atomic current
Atomic mass
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Atomic number
Attraction
Audio frequency
Average
Average power
Average value
Azimuthal angle

Battery

Battery (storage)
Bessel function
Bessel’s equation
Binomial theorem
Bound charge
Boundary conditions
Boundary-value problems
Branch point
Brewster’s law
Bridge

Cable

Cable (coaxial...)
Calculus

Capacitance

Capacitive reactance
Capacitive time constant
Capacitor

Cartesian coordinates
Cascading process
Cathode
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Cathode rays

Cavity resonator
Charge

Charge carriers

Charge density

Circuit

Closed loop
Coefficient

Coefficient of capacitance
Coefficient of induction
Coefficient of potential
Coercivity

Cohesive force
Collision time
Complex number
Conductance
Conducting medium
Conducting path
Conduction
Conduction current
Conductivity
Conductor

Conjugate
Conservation of charge
Continuity "
Continuous

Continuous charge distribution

Continuum
Contour line
Contour map
Convection current

Coulomb’s law
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Counter voltage
Covarient formulation
Critical magnetic field
Cross product

Crystal

Crystal lattice

Crystal structure
Curie point

Curie temperature
Curl

Current (electric)
Current (alternating...)
Current (continuous...)
Current (direct..)
Current (induced...)
Current (steady...)
Current (transient...)
Current density
Curvilinear coordinates
Cutoff wavelength
Cyclic permutation
Cyclindrical harmonics

Damping

Debye shielding distance
Decrement

Deformation polarizability
Demagnetization
Demagnetization factor
Demagnetizing field
Density

Depolarization
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Depoiarizing field
Derevative
Diamagnetic material
Diamagnetism
Dielectric

Dielectric constant
Dielectric medium
Dielectric strength
Differential equation
Ditferentiation
Ditfusion

Dilation (time...)
Dimension

Dipole

Dipoie field

Dipole momont
Dipole potential
Directional derivative
Discontinuity
Discontinuous
Discrete
Displacement (electric)
Dispiacement current
Divergence
Divergence theorem
Domain (rnagnetic)
Domain wall

Dot product

Drift

Drift motion

Driving force
Driving point
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Eddy current

Effective electric field
Effective value
Efficiency

Elastic collision

Electric charge

Electric field

Electric flux

Electric lines of force
Electric susceptibility
Electrochemical potential
Electrodynamics
Electrolyte
Electromagnetic energy
Electromagnetic field tensor
Electromagnetic induction
Electromotive force
Electroscope
Electrostatic energy
Electrostatic equilibrium
Electrostatic image

Ellipse

Eltipsoid

Elliptic integral
Energy density
Entropy
Equation of continuity"
Equilibrium
Equipotential
Exact

Exact differential
Exact function
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Exchange coupling
Expand
Expansion
Explicit form
Explicit function
Exponential

Ferriet
Ferroelectric
Ferromagnetic material
Ferromagnetism
Fluid

Fluid mechanics
Flux

Flux exclusion
Form factor
Free eletron
Fringing effect
Function

Gaussian surface
Gauss’ law
Geomagnetic latitude
Gradient

Graph

Group velocity

Helmholtz coil

Hydromagnetic formulation

Hysteresis (magnetic)
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Hysteresis loop
Hysteresis loss

Identity

Impedance

Imperfect dielectric
Impurities

Increment

Incremental inductance
Incremental permeability
Index of refraction
Induced

Inductance

Induction

Inductive reactance
Inductor

Inelastic collision
Infinite
Infinitesimal
Infinity

Insuiator
Integrand
Integration
Interaction
Interface
Irreversible
Irreversible process
Isothermal
Isotropic dielectric
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Langevin-debye formula by - pamd daso
Laplace’s equation oY Wslas
Larmor frequency Y9 IETP
Lattice &»..1 '
Law of Biot and Savart eyl ool osl
Leakage flux g ad
Legendre polynomials JRIES I PRPENTAREWA
Lenz’s law FURSINY
Lienard-Wiechert potential oyling — o )L.J g
Limit Al ale
Limiting process LW sl Ades
Line integral g"-’ JalS
Linear dielectric oo ik
Linear function L Ao
Linearity : Ll
Lines of force gl b ghas
M
Magnet o Lina
Magnetic circuits bl JSlgs
Magnetic dipole eblin Chi S
Magnetic domain ) bl dahaia
Magnetic energy density db Ll Bl BLS
Magnetic field b lon Jl2
Magnetic flux &J’L‘* )
Magnetic induction G_..LL...U edd
Magnetic intensity MLL...LI saidl
Magnetic mirror b lan 37 0
Magnetic moment (b Ui e
Magnetic parameter b Laa LS
Magnetic saturation (b L 25 Ls...LL.u él;;l
Magnetic shielding factor b lall Cod | Jule
Magnetic susceptibility diadl AL ¢ ienblall & sl
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Magnetism
Magnetization
Magnetization current
Magnetizing field
Magnetomotive force
Mapping

Mass transport
Maxwell-Boltzmann distribution
Mean collision time
Mean free path
Meissner effect
Metallic conduction
Microscopic field
Mobility

Mode

Molecular field
Monochromatic waves
Motional emf
Multipole expansion
Mutual inductance

N
Neumann formula
Nonconducting medium
Nonlinearity
Nonpolar molecule
Nonuniqueness

o

Orbit theory

Ordinary dielectric
Orientational polarizability
Orthogonal coordinates
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Oscilloscope
Overdamping

Parallelopiped
Paramagnetic material
Paramagnetism
Parameter

Partial derivative
Partial differential equation
Particle

Passive circuit
Penetration depth
Perfect crystal

Perfect gas

Periodic behavior
Permament magnet
Permeability
Permittivity
Permutation

Pinch effect

Plasma drift velocity
Plasma-sheath equation
Point charge

Point function
Poisson’s equation
Polar molecule
Polarizabily
Polarization
Polarization charge
Polarization vector
Pole (of a magnet)
Polynomial
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Polynomial expression sgudl suate pead

Potential T
Potential energy Ll B pogll Bl
Power : 5,48
Power factor syl Jale
Pointing vector il g doa
Principal ' PO
Principal axis G s®
Principle of relativity ol suels
Probe g
Problem HIW
Product el 7 e o nall b
Propagation vector S ana
Proportion S
Proportional Clize ¢ ulls
Pure inductor valdl edl e« uaJt;c,&
Pure number 3,2 dus
Pure resistance i daglia ¢ Lalls &lia
Q
Q-factor (quality factor) iegdl Jule
Quadratic function dann 5 Al
Quadrupole il el
Quadrupole moment tensor Chill 2l ); BV
Quantization &I 3«:.40}5
Quantized _ A
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Radial Fll « § ki aal
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Radiation t\.:.\
Radiation resistance tL..:YI Lo glie
Reactance } 351,

044



Reciprocal
Reflection
Relative permeability

Relativity

Relativity (Theory of...)
Relaxation time
Relevant dimension
Reluctance

Remanence

Reservoir

Resistance

Resistivity

Resistor

Resonance

Retarded scalar potential
Retarded vector potential
Retentivity

Reversible

Reversible process

Rigid circuit

Rigid displacement
Rigidity

Saturation

Scalar

Scalar field
Scalar potential
Scalar product
Scalar quantity
Seat of emf

Self induced emf
Self inductance
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Self induction
Semiconductor
Seperation constant
Sheath

Single-valued function
Singularity

Skin depth

Slowly varving current
Soft iron

Solenoid

Solid angle

Source

Space

Spatial integration
Special theory of relativity
Spherical Bessel function
Spherical waves

Spin

Spin motion

Spinel structure
Spontaneous magnetization
Static electrification
Statistical mechanics
Steady current

Steady state

Steady state conduction
Stress

Successive differentiation
Superconducting wire
Superconductivity
Superconductor

Surface charge density
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Surface current

Surface integral

Surface stress
Susceptance
Susceptibility (electric)
Susceptibility (magnetic)
Symmetrical

Temperature coefficient of resistance

Tensor

Test charge
Tetrahedron
Thermal
Thermal energy
Thermal gradient

Thermally-induced imperfections

Thermocouple
Thermodynamics
Thunderstorm
Time constant
Time dilation
Torque

Transfer impedance
Transformation law
Transformer
Transient behavior
Transient current
Transition
Transmission coefficient
Transverse waves
Trivial integration
Trivial solution
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U
Uniform distribution
Uniformly magnetized material
Unique
Uniqueness
Uniqueness theorem
Unit
Unit imaginary number
Unit vector

Vacuum

Vector

Vector field

Vector Helmholtz equation
Vector identity

Vector potential
Vector product

Vector sum

Voltage

Volume charge density
Volume integral

Wave equation
Waveguide

Wave group

Weiss molecular fielc
World point

Zone

Zonal

Zonal harmonics
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