
coefficients, 243- 2-11, 303
mutual, 2-15, 303
self, 238, 2-15, 303

Conduction, 15, 1G2, 181
Colliluctivity , 15, 181
Conductor, motion in m:!gnetic field,

3!)5- -107, 417- 118, 410-445
multiterminnl, 241- 2.1G, 301- 301

Constituent relntions, for conductors,
181

for dielec:tric m:1-terials, 185- 187
for mngnetic m:1-terinls, 187- 188
for moving matter, 3!)1
four-spnc:e formulation of, 4'3'3-500

Coordinate, line, 41
surfac'c, 38

Coordinntes, Cartesian, 38
rotation of, 458- -15\)

circular cylindric:1-l, 3\), 42, 44, 510
orthogonal, 41, 510-511
Poi~lr , 40
spheric:!l, 40-42, 41, 510-511

Coulomb field, three-dimensional, 10G-
l Oa

t\vo-dimension:1-l, 110- 111
Curie temperature, 171
Curl, definition of, G3- G1

divergence of, 07
evaluation of, G5-0G
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C()!ld <l~un {;e, as real part of admittance
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Curl , in Cartesi : ln coordinates , GG

in orthogonal coordinates , 510 - 511

physical interpretation of , OU

volume integral of , 70 - 71

Current , electric ( see Ele ( : tric current )

m : lgnetic ( see l \ lagnetic current )

magnetization ( see ~ lagnetization ,

current )

poulrization ( see Polarization , current

)

Deloper : ltor , definition of , 57

Derivative , directional , of sc ~ll ~lr , 51

of ve (~tor , 57 - 58

time , material , 381

of vector , 82

total , 382

Diam : lgnetism , 170

Dielectric constant ( see Permittivity )

Dif  Terenti ~ll element , of are : l , 43 - 44

of length , 42 - 43

of volume , 44

Dipole , electric ( see Electric dipole )

magnetic ( see ~ 1 : lgnetic dipole )

Distance , four - vector representation of ,

4G7 - 4GO

measurement of , 455 - 45G

relativistic contraction of , 4Ga

vector , properties of , 73 - 7 - 1

Divergen (~e , dcfini t ion of , 5 ! ) - OO , G2

evalu : ltion of , Go - ( >2

in Cartesi ~ln coordinates , G2

in orthogon ~ll coordinates , 510 - 511

of 11, tensor , 477 - 478

physical interpretation of , GO - 70

Einstein , A . , 3iG , 41a , 453 , 457 , 402 , 50 !

Ele ( : tric ch : lrge , conservation l ~l \ V ,

in dif  Terential form , 81

in intrgral form , 14

on a surfa ( ~e , 85 - 8G

postulation of , 12

density , 13

free , 1GG , 177 , 170

force on , 12

line , 108 , 110 - 111 , 142

point , 1 OG - 1 07 , 111 , 113 , 151

relativistic invariance of , 474

surface density , 85 , 87 , 108 , 111

Electric current , conduction , 15 , 18 .1

Electric current , convection , 15

definition of , 13

density , 13- 1.1
disl )l :l (~em (~nt , 18- 1!)
ef Tective , 428 , 4 !) 1

four -vector density of , 473
free , 15 , IGG , 177 , 17 <;)

four -vectord (~nsity of , 475
surfa (~e density of , 85 , 8a

Elcctric (lipoIc , field of , !)3- !)5, 113, 151-
152

m [lgnetic - current modcl of . 2i2

\ rnorn (~nt , four -vector r (~presentation
of , 47G - 477

of a <~hargc <listrihution , 113- 115

point <'}jar ~c rnoJ (~1 of , !)2- !) 1, 115
sphcrirm rno (lcl of , <JG- 1J8, 28-1- 285
torque on , 273
t \vo - dimcnsional , IIG - IIS . 143

Electric fieltl , boun <l :lry conditions OI~

87 - 88 , 182 - 183

definition of , 12

ef Te(;tivc , 3UO, '128 , 4a1

m ~l ('ros <:olJic in m :ltter , 1G1- 1G2, 180-
181

of a (' Ilar ~e tlistribution , tllrec - tlimen4

sional , 10 (j - 10 :)

t \vo - <limensional , 110 - 111

} :lect ric - flux (lc I Jsity , 17a

} ;le (;troma ~ I Jetic fiel <l , classifi ('ation of ,
IJO - \) 2

quasi -stati (~, 235 - 23G
rel ~ltivistic trn I Jsform ~ltion of , 481

te I Jsor r ('I Jr(~sent n t ion of , nmperi ~ln
formulatio  I J, '181 -. :18G

ma ~netic -(:llargc formulation , 47IJ-
480

i \ liIJko \vski 's formulation , 482 - 481

Elc (;troma ~ netic momentum , 421 - -125 ,
4IJ4

I ~lcctroma ~ nctic stress , 423 - -125 , 4a4

Electromngneti (~-strl ~ss tensor , n mperian
formul ~ltion , 4 \J7- 4 \J!)

mngncti (:-chargc formulation , 493 -
4 \) -1

~ linko \vski 's formulation , 494 - 497

Electron , <: hnr ~c of , 12

mn ~netic Dll Jolc moment of , 1G1, 171
Energy , a vcra ~c, 321- 323

of electric field , 277 , 282 , 423
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Energy , of magnetic field , 277 , 28G , 423

of spherical electric dipole , 281 - 285

of spherical magnetic dipole , 28 ! ) - 200

Poi : . lrization , 277 - 278 , 282 , 430

m ~ gnetiza tion , 277 , 28G , 288 , 431

Energy , total electric , 283 - 281 , 20G - 2D8

in terms of sc : . Liar potential , 282 ,

281

total magnetic , 280 , 301 - 307

in ternis of vector potential , 288 ,

280

Family of fields , 21G , 21a , 3a2

F : 'lmily time , 218 , 3 ( ) 7

Fano , It , ~ I " lOG , 232 , 373

} ' : 'irad : 'lY , a - 10

F : 'lrl1day ' s induction 111 \ \ ' , 17 , 178

Fcrrim1f ! ; nctism , 170 - 171

} ' crrom : lf ! ; nctism , 170 - 171

Ficld , electric ( see I ~ lcctric field )

clcctrom : 1gnctic ( see I ~ lcctrom : 1gneti ( '

field )

la \ , s ( ,~ ce : \ Iax \ , cll ' s cqul1tions )

m : lf ! ; nctic ( see ~ Iaf ! ; nctic ficlJ )

vc ( : tor ( s ( ~ e \ T cetor field )

Flux lillk : if ! ; c , 305

} ' orec , density , relativistic transforml1 -

tion of , 4 \ ) 2

f our - vc ( ~ tor , 487 - 488

on electric ch : 'lrf ! ; C , 12 , 271 , 421

four - ve ( ~ torr C I Jr  Cscntl1tion of , 488 -

4 ( ) 0

on m : ' li ! ; llctic ( : hari ! ; c , 272 , 422

four - \ ' c ( ; torr ( ~ prescntation of , 489 ,

401

Frl1mc , of rcfcrcn ( ~ c , 455

rest , 4 ( \ 2

} ' r : ink , : : \ : , II " 28 , 211

Gauss ' la \ v , for electric field , 1 \ ) , 177

for m : lgnetic field , 18 , 178

G ~lU  S S ' theorem , G2 - G3

( } iorgi , G . , 50 ( j

( " } ra < lient , curl of , G7 - G8

definition of , 52 - 51

evaluation of , 5G - 57

in Cartesi : m coordinates , 57

in orthogon : u coordin : ttes , 510 - 511

line integral of , 55 - 5G

of produc : t of s < ~ : uars , 57

Gradient , surface integral of . 71
volume integral of , 70

Grain of matter , 1 G2

Green 's theorem , 71 - 72

Guillemin , E . .l\ ., 77 , 315 , 37a

I Iomopolar generator , 407 - 416 , 445 -
440

I Iysteresis , 185- 18G, 283 , 288

:limped :.mee , input , 32G, 3GG
ne ~r reson ~ nc~e, 328 , 371

surf :'ice , 3GO

transfer 3GG 370
, ,

[ nduct [1.nce , coefficients , 2G 1- 2G2 , 30G ..
308

mutu :.tl , 25 (), 2G2 , 30G - 308

self , 238 , 252 , 250 , 2G2 , 30G - 30S

Inductor , helical , 252 - 258

frequency behavior of , 330 - 3-1G
multitermin :.u , 25 \)- 203 , 301 - 308

single turn , 250 - 252
spheric :.u , single -\vinding , 205 - 20G,

2 ()0 , 330 - 31G

t \vo - \vinJin ~ , 308 - 310

Intp ~Raj , line , 45 --4G, 48 - 49

of vel :tor , 52

onc -Jimension ~l , 45

surf :.lc 'e , .! G- -17 , 50 - 51

volume , 48 , 51 - 52

Kirchhof  T's l [lW , current , 2G !

voltage , 2G! , 2G5- 2GG

IJ :lI )I ~u :e 's equ :ltion , 120

finite dif Tereru~e approxim :ltion to ,
131 - 132

solutions of , derivative and integrals
of , 131

extreme values of , 133

in C :lrtcsi :ln coordin :ltcs , 135 - 141 ,
147 - 150

in polar coordin :ltes ', 141- 147
in spherical cooruin :ltes , 150- 153
uniqueness of , 133- 13-1

IJ:lpl ~lCi~ln operator , uefinition of , 02
in C ~Irt (~si ~m coordin :ltes , 02

in orthogon :tl coordin :ltes , 510 - 511
I Jight , vel ()(~ity of , 17, 507 , 50~
I Jorentz , i\ ., 501
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l\ Iagnetization , discontinuity of , 183
domains , 170

four -vector representation of , 479
magnetic charge model of , 176
preliminary discussion of , 24- 25
vector , 175

l\ Iagnetomotive force , 200- 201 , 203 - 204
l\ Iass , rest , 487

I\ Iax \\ cll , J . C ., 9 - 10 , 28

l\ fax \\"ell 's equations , complex form of ,
320

for quasi -static fields , 23G
four -space formulation of , 47D - 480

in free space , dif  Terential form of , 81 -
8 :!

integral form of , IG- ID
in linellr media , 190

in po \\"er - series form , 223 - 224 , 330 ,
3D4 - 3CJ5

macros (~opic , in matter , 177- 182
in moving matter , 38a

I\ fetri (~al coefficient , 42 - 43

I\ finko \\"ski , II ., 37G , 481 - 48 -1, 4D4 - 4D7 ,
504

I\ Iomentum , electromagnetic , 42 -1- 425 ,
4 !) -1

four -vector representation of , 487
i\ Iultipolc , 115- 116, 152

t \\"o- dimcnsional , 119 , 144

Paramngnetism , 17G- 171

Panofsky , W . K . II ., 211 , 419 , 451 , 504
Permeability , incremental , 202- 203

of matter , 188

of vacuum , 12 , 17 , 507 - 50Q

Permittivity , of matter , 187
of vacuum , 17 , 507 - 500

Phillips , II . n ., 77 , 155
Phillips , 1\1., 211 , 41Q, 451 , 504
Poisson 's equation , derivatives and integrals 

of , 135
scalar , 11 Q- 120

vector , 123 - 124

Polarization , charge , 1G3, 381
conservation of , 1GG

macroscopic density of , 1G5, 381
surface density of , 1GG- 1G7, 182

constituent relations for , 185 - 187

current , in a rigid body , 38G
in moving m ~ltt .er , 383- 381

Lorentz force , 12 , 271

four -vector representation of , 488 -
48a

magnetic analog of , 272
Lorentz transformation , 45a - 4GO

results of , for four -vector components ,
505

for three -space quantities , 502 - 503

Magnetic charge , conservation la \\' , 173,
176 - 177 , 178

density , 25, 173
relativistic invariance of , 475 - 476

l\ Iagnetic circuit , current excited , 1 a6-
201

for rotating machines , 208 - 20a
permanently magnetized , 202 - 201

l\ Iagnetic current , effective , 42a , 4a1
density , 25, 173
four -vector density of , 475

l\ Iagnetic dipole , approximation \vith
spherical coil , 100

electric current model of , 9a - 102 , 172

field of , a D, 128

magnetic charge model of , 173- 174,
181

moment , four -vector representation
of , 47a

of a current distribution , 127

of a current filament , 101 - 102 , 128 -

12a

torque on , 273 - 274
l\ Iagnetic field , boundary conditions on ,

87 - 8a , 182 - 183

definition of , 12

effective , 3 ()0 , 42a , 4a1

macroscopic in matter , 161- 162, 180-
181

of a current distribution , 122 - 125

Magnetic flux , density , 179
in a magnetic circuit , 200 , 204

Magnetization , amperian -current model
of , 175 - 176 , 181 - 182 , 311 - 312

charge , 176, 178, 388
constituent relations for , 187 - 188

current , four -vector density of , 475 ,
479

in moving matter , 388
in rigid body , 388
in stationary matter , 176- 177, 178
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Refra (~tion , 191 - 192

Itel ::l. tivity , special postulates of , 457 ,
4G2

Reluctance , 200 , 20 -1

Resistance , as real part of impedance ,
32G

circuit definition of , 238

Resistor , frequency behavior of , 34G -

354

multitcrminal , 2 .11 - 2 .1G , 301 - 301

Rcsona  Tl(~c , 327 - 32 \) , 371

Ilod , conducting in : t uniform fielll , 14G

condu (~ting , po \vcr dissipation in , 2 \11 -

2a3

dielectric in a uniform field , 1 <) 2 - 1 <) 5

Rogers , ' Y . E . , 77 , 151

Scalar , dcfinition of , 31

Scalar potential , ele (~tric , lOG - Ill , 119 -

121

magnetic , 125

rnultiplc - vmuc ; inc ~s of , IUG - IU8

Skin depth , 35 -1, 357 - 358 . 3GO

Skin el Tect , in mngnctic corc , 303

in resistor , 355 - 3G 1

rc Juction of , 3G3 - 3Gl

Skin impctl :lTl ( 'C, 3 (; 0

SI :Iter , J . C . , 28 , 211

Smythe , \ \ T. Il , 155 , 315

Sommcrfe  I J , . \ . , 28 , 211 . 410 . 451 . 501

Sphere , conducting in a uniform fiel <l ,

152

permanently polarized , 188 - 18 !J

Spherical coil , air core , 205 - 206 , 2 <;)0 ,

33 <;)- 346

magnetic core , 206 - 207

Stokes ' theorem , 6S

Stratton , J . J\ . , 77 , 155 , 211 , 315 , 41 <;),

451 , 501

Surfa (' e , multiply connected , 16

onc - si ( lcc .! , 16

simply (~onncetec .! , 1G

t \ ,"o - silleJ , 1G

SUS (~(' ptan ('c , 327

Sus (~eptibility , electric , 187

magnetic , 188

Tensor , antisymmetric , 470

dual of , 471 - 472

definition of , 461

Po  Jarization , current , in stationary mfit -

ter , 1G5 - 1GG , 177

four - vector density of , 475 , 477 - 478

discontinuity of , 1GG - 1G7 , 182

four - vector representation of , 477

linear , 187

of fi rod in a uniform field , l < J2 - 1 < J5

macroscopic model of , 1 G2 - 1 ( j3 , 380

permanent of fi sphere , 188 - 18 < J

preliminary discussion of , 24 - 2G

vector , 1G3 - 1G5

l " > otcntial , scalar ( see Scalar potent  i ~ u )

vc ( ~ tor ( see V c ( ~ tor potential )

l " > o \ , . cr , average , 321 - 323

density , rel ~ ltivistic tr ~lns [ ormation of ,

4 \ J2

dissip [ ltion in conductors , 278 , 2Dl ,

301 - 303 , 42a

rc [ lctive , 322 - 323

vector , 325

l " > o \ \ " er series , in the frequency , 331 - 333

in the time - rate p [ lr [ lmeter , 223 , 3D - 1

solution , ex [ lmj ) le of , 225 - 232

l " > oynting ' s theorem , 276

amj ) eri [ ln - ( ~ urrent formulation of ,

311 - 313

complex form of , 323 - 324

for movillg systems , 427 - 428 , 4D4

qu [ lsi - st [ l tic , 278

qu [ lsi - st [ ltion [ lry , 433

relation to po \ \ " er in circuits , 2D - 1 - 206

l " > o ) ' nting ' s ve ( ~ tor , 277 , 201 , 423

compl ( ~ x , 322

rel [ ltivistic transformation of , 4D - 1

Q of a reson : lnt cir ( ~ uit , 328 , 371

Qu : 1drupole , threc - dimension : 1I , 115 , 152

t " o - dimensioll : ll , 119 , 1 -13 - 144

Qu : lsi - st : ttic fiehIs , cI : lssific : ltion of , 237

~ Iax \ , ell ' s equ : ttions for , 230

rcl ~ ttion to circuit clcmcllts , 238 - 211

I ~ a < 1ial distaru ' c , properties of , 73 - 7 - 1

I ~ eactan ( ' e , 326

l ~ ecipro ( ~ ity tlleorem , field formulation

of , 3 ( j7

for capa ( ~ itive systems , 2 ~ ) ! ) - 300

for inductive s ) ' stems , 307 - 308

for resistive s ) ' stems , 303

network formulation of , 367 - 368
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" 'avc Icn,gth, 231
in (~oncluctor, 35S- 35Q

" 'c)"I, II ., 50-1
" 'ork, virtual , 432-435

Vector field , conservative , 72 , 75

definition of , 58

lines of for (~e of , 58 - 5<)

solenoidal , 72 - 73 , 75

sources of , 58 - 59

vortex lines of , 6i , 68

\ T ector potential , 122
Velocity , four -vector representation of ,

4G6

measurement of , .J5G

Voltage , uefinition of , 256 , 261 - 266 , 2a-1
Volume , four -space representation of ,

471 - 473

proper , 472

Tensor , dot product of , , vith a vector ,

471

Time , interval , proper , 4G4 - 46G

relativistic dilatation of , 4G3 - 4G4

family , 218 , 392

measurement of , 455

Time - rate parameter , 216 - 217 , 3 <32 - 3 <33

Vector , components of , 32 - 33 , 4G1

definition of , 31 , 4G1

integral of , 52

six - , 470

unit , 32 , 42

\ ' ectors , addition of , 32

cross product of , 35 - 3G

in four - spa < ~e , 409 - 470

dot product of , 3 - 1

scalar triple product of , 3G - 37

vector triple product of , 37


