Engineering field theory

with applications

LEO SETIAN

Professor of Electrical Engineering, John Brown University, Arkansas

#® CAMBRIDGE

& UNIVERSITY PRESS



CONTENTS

Preface

Introduction

1.1. Introduction

1.2. Mathematical basis

1.3. Gradient

Problems

Mathematical basis

2.1. Introduction

2.2. Vector/scalar operations
2.3. Fields — scalar/vector
2.4. Dot product

2.5. Cross product

2.6. Unit vector

2.7. Coordinate-systems — Cartesian
2.8. Coordinate systems — cylindrical
2.9. Coordinate systems — spherical
2.10. Transformations

2.11. The gradient

2.12. Divergence

2.13. Curl

2.14. Stokes’ theorem

2.15. Gauss’ law

Problems

Electrostatics

3.1. Introduction

3.2. Coulomb’s law

3.3. Electric field

3.4. Point charge

3.5. Superposition

3.6. Line charge

3.7. Infinite sheet

3.8. Streamlines

3.9. Work

._..
- - - Y. N SRS s

whh L L Lk W W N D) e e e e e



Vi

Contents

3.10. Potential

3.11. Gradient

3.12. Maxwell’s equation — divergence
3.13. Maxwell’s equation
3.14. Applications

3.15. Nonsymmetric problems
3.16. The electric dipole

3.17. Electric doublet

3.18. Dielectrics

3.19. Boundary conditions
3.20. Resistance/capacitance

3.21. Energy density in an electrostatic. field

Problems

Magnetostatics

4.1. Introduction

4.2. Duality

4.3. Maxwell’s equation — divergence

4.4. Maxwell’s equation (Ampere’s law)

4.5. Biot-Savart law

4.6. Magnetic potential

4.7. Magnetic materials

4.8. Boundary conditions

4.9. Lorentz force equation
4.10. Magnetic potential revisited
4.11. Inductance

4.12. Magnetic dipoles

4.13. Energy density

4.14. Magnetic vector potential
Problems

Gravitation

5.1. Introduction

5.2. The law of universal gravitation
5.3. Flux density

5.4. Gravitational potential
Problems

Fluid flow

6.1. Introduction

6.2. Plane source

6.3. Point source

66
69
70
71
72
79
80
84
95
96
99
101
102
106
106
106
108
108
114
116
120
122
128
130
137
150
152
152
154
161
161
161
165
169
174
175
175
176
178



Contents

6.4.
6.5.
6.6.
6.7.
6.8.
6.9.

6.10.
6.11.
6.12.
6.13.
6.14.

6.15

Line source

Flow combinations

Potential

The line source and uniform flow
Line vortex

Free vortex

Forced vortex

The potential due to a line vortex
The flux due to a line vortex
Application

The hydrostatic equation

. Fluids in motion/Bernoulli’s equation

Problems

Thermal fields

7.1.
7.2.
7.3.
7.4.
7.5.
7.6.
7.7.
7.8.
7.9.
7.10
7.11
7.12

Introduction
Conduction

Spherical source
Cylindrical source
Plane source (or sink)
Convection
Cylindrical source
Plane source
Radiation

. Spherical source
. Cylindrical source

. Planar source

Problems

Other fields

8.1.
8.2.
8.3.
8.4.
8.5.
8.6.
8.7.
8.8.
8.9.
8.10
8.11

Introduction

Electrical current

Spherical source

Gradient

Cylindrical source

Boundary conditions

Flow through permeable media
Spherical source

Cylindrical source

. Planar source (or sink)
. Diffusion

vil

179
181
187
190
193
197
199
202
203
205
207
210
212
216
216
216
218
221
224
229
230
234
236
239
241
243
247
251
251
251
251
253
254
258
262
267
269
270
272



viii

Contents

8.12. Acoustics 2717
8.13. Velocity 278
8.14. Spherical coordinates 280
Problems 286
Applications 288
9.1. Laplace’s equation — finite differences 288
9.2. Laplace’s equation — finite differences — relaxation method of solution 293
9.3. Separation of variables 297
9.4. Resistive analog 300
9.5. Potential and electric field measurements in a conductive solution 304
9.6. Potential measurements on resistive paper 306
9.7. Orthogonality of flux lines and equipotentials 307
9.8. Method of curvilinear squares 309
9.9. The magnetic vector potential 312
9.10. The torsion/elastic membrane/electric potential analogy 315
9.11. Heat transfer 318
9.12. Permeability 319
9.13. Fluid flow modeling 322
9.14. The method of moments 323
9.15. The finite element method 326
Assignments 331
Appendices 339
Bibliography 349

Index 350



