Contents

1 Basic Elements of Electrostatics..........................ooiiiiiiii 1
1.1  Preliminary Remarks ..ot 1
1.2 TheCoulombLaw..........coiiiiiiiiiiiiii i i 7
1.3 TheElectricField. ... i 11
1.4 The Integral Theorem of Gauss.............c.oooiviiiiiiiiiiiiiinn, 25

1.4.1 Simple Applications of the Gauss’ Theorem................. 28
i T D T 7 (3 34
1.5.1 Millikan’s Experiment for the Determination of the
Charge of the Electron..............coooiiiiiiiiiiiiiin e, 34
1.5.2 Calculation of the Asymptotic Electric Dipole Field ........ 39
1.5.3 The Electric Field of a Circular Disk and of a Sphere
(Both Uniformly Charged) ...........cccooiiiiiiiiiiiiannn 42

2 Basic Equations of Electrostatics.....................oociiiiiii i, 49

2.1 Basic Equations of ElectrostatiCs ..........cooviiiiiiiieriiirnnnnnenn. 49

2.1.1 Integral Form.........ccoooiiiiiiiiiiii i 50

2.1.2 Differential Form ............coooiiiiiiiiiiii 51

2.2 Additional Discussion of Electrostatics in Terms of Integrals ....... 55

2.2.1 Electric Fields in Conductors ............cccoooviiiiiiiennnn... 58

PR T B )11 5 101111 10) 1 3 62

2.3.1 Pragmatic Approach.........coooviiiiiiiiiiiiiiiiiinnennnnn.. 63

2.3.2 Properties of the §-Function....................coooiiiiiieni 66

2.3.3 The Derivatives of the §-Function ............................ 69

2.3.4 Generalised Functions ............coovvviiiiiiiiiiinieiinnnenns 70

2.3.5 Some Additional Properties of the §-Function ............... 73

2.4 Representation of Charge Densities by Distributions................. 74

2.5 TheElectricPotential ...........ccooviiiiiiiiiiii i 78

2.6  The Electric Field and the Storage of Energy ......................... 90

2.7 Details. ... 93
2.7.1 Calculation of the Electric Potential of a Sphere and a

Spherical Ring, Both Uniformly Charged .................... 93

3 Solution of the Poisson Equation: Simple Boundary Conditions ....... 97
3.1 Problems with Spherical Symmetry ...............ccoovviiiiiiinnnn... 97
3.2 Examples with Azimuthal Symmetry ..................coooviiinnnn.L. 104

ix

Bibliografische Informationen

E HE
digitalisiert durch A I N L
http://d-nb.info/1335599134 IBLIOTHE


http://d-nb.info/1335599134

Contents

3.3 General Problems: Solution with the Full Set of Spherical

L01070) (0§14 B2 1 1 113
3.4 Multipole MOMENLS .....oovviiiiiiiinnriiiiniiiieneeeriiiiinieeeeen, 121
3.5 Detalls. ..o e 132
3.5.1 The Potential of a Uniformly Charged Sphere in a
Uniformly Charged Sphere.............coooviiiiiiiiiiinn.. 132
3.5.2 The Electric Potential of a Rotational Ellipsoid ............. 135
Solution of the Poisson Equation: General Boundary Conditions...... 143
4.1 Remarks on the Classification of Boundary Conditions............... 144
4.2  Solution of Dirichlet Problems ................ccoooiiviiiiiiiiinn.L. 147
4.3 Green’s FUNCLIONS .....ooviiiiiiiiiir i iiiiin i iiiieeciie e enieneennns 162
T2 S OF: 0T 16] 11) ¢ 3 174
4.5 Polarisation of Dielectric Materials.................oociiiiiiinnn e, 180
4.6 The Technique of Complex Potentials ....................cooviveeen 197
4.7  Detalls ....coiiiiiiii e e 210
4.7.1 Surface Charge of a Grounded Metal Sphere Induced
byaPointCharge...........coooiiiiiiiiiiiii i 210
4.7.2 The Potential of Two Point Charges Outside of a
Grounded Metal Sphere ..........cooiiiiiiiiiin i, 213
4.7.3 Comments on the Green’s Function of Stationary
Potential Problems ...............ooiiiiiiiii 216
4.7.4 Evaluation of the General Formula for a Potential in
the Case of Spherical Symmetry................coovivvennnn. 224
4.7.5 The Capacity of a Spherical and a Cylindrical Capacitor.... 227
4.7.6 Potential of a Straight Wire with a Dielectric Cylinder....... 230
Magnetostatics.............ocoviiiiiiiiiii e 239
5.1 TheElectric CUITent.......vvviiiiiiie et iiiiiiiiiiareeeeeeeaennns 240
5.2 Stationary Magnetic Fields.............oooiiiiiiiii i 246
5.2.1 Experimental Basis .............coooiiiiiiiiiiiiiiiiiii 246
522 TheLaw of AMPere .......cvvvviiviiiiiiiiiiiiiiiiiiennennnnns 249
5.2.3 The Formula of Biot-Savart ..............oooiviiiiiiinninnnnn 253
5.3 The Magnetic Vector Potential..............ccoooveiiiiiiiinnieninnnn, 258
54 MatterinaMagneticField.................ooooiiiiiiiiinn 273
5.4.1 Global Models of Magnetisation.................ccovveeee... 274
5.4.2 The Three Magnetic Fields.................oooeiiiiiinniiin, 280
5.4.3 The Magnetic Material Equation.............................. 282
5.4.4 The Behaviour of B and H on Interfaces..................... 284
5.4.5 Explicit Survey of Matter in Magnetic Fields ................ 285
5.5 Forces on Charges in Magnetic Fields..........................oo.l L. 293
5.6 Details.....cooniiiiiiii i e 300
5.6.1 Mathematical Properties of the Vector Potential ............ 300
5.6.2 The Magnetic Field of a Circular Current .................... 303

5.6.3 The Current Density of a Circulating Point Charge.......... 315



Contents Xi

5.6.4 The Gyromagnetic Factor of a Uniformly Rotating

Homogeneous Charge Distribution ...................ccee 317

5.6.5 The Magnetic Field of a Uniformly Magnetised Sphere..... 320

5.6.6 Definition of the Unit Ampere ............cccovvvevveevinnnnn.. 323

A LIterature ... ....ooooiiiiiiiiiiii it e e 327
A.1 Books and Literature Quotedinthe Text...........ccocovvviiiiiian.n, 327
A2 Introductory Texts ....couiiiiriiiiiir ittt iiie e e eeineennes 327
A.3 ElectrodynamicCs...........coiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 328
Ad MathematiCs .....vvviiiir i i it ciie e iie i aeaas 328
A.5 Special Functions and Handbooks ..............ccooviiiiiiiniien, 329

B Systems of Units in Electrodynamics ...........................ooooal. 331
Bl The SysStems ...couviiiiiiiniiiiiii ittt 331
B2 Tables .ooviiiiiiii i e 337

C Additional Mathematical Topics ................coiiiiiiiiiiiiiiiiin 343
C.1 Equations of Vector Analysis ........cccoovviviiiiiiiiiinnreninnnnnnnnn. 343
C.2 Multiple Products of VeCtors.........oovvviiviiirniniiiiinnninernennnn. 343
C.3 Product Rules for the Application of the V -Operator ................ 344
C.4 Double Application of V......ciiiiiiiiiiiiiiiiii e 344
C.5 Differential Operators in Spherical and Cylinder Coordinates....... 345
C.5.1 Spherical Coordinates ............ccovvvveiiiiiiinieniennnnnnn. 345

C.5.2 Cylinder Coordinates .........ooovvviieierinereennieneennnnenn 345

C.6 Angular FUNCHIONS .....ooviiiiir it ciie e i iie e eeanees 346
C.6.1 Legendre Polynomials Pi(X) ......covvviveiiiiiiiiiaenneennns 346

C.6.2 TheFunctions @ (X) ..ovvviriiiieiiiiiiiiiiiiinreiennennn, 348

C.6.3 Associated Legendre Functions ...............cocovvvnnnnnns 349

C.6.4 Spherical Harmonics ..........ccovvveiiiiiirieeiiiieeneennnns 350

C.7 Radial FunCtions..........ccooiiiiiiiiiiiiii it ciiie e eeenaas 352
C.7.1 The Hypergeometric Functions F(a,b,c; x) ....ccvvvnnnns 352

C.7.2 The Confluent Hypergeometric Functions F(a,c; x) ....... 354

1T ). G 357



