AC and DC Network
Theory

A. J. Pointon

Professor, Microwave Physics,
Portsmouth Polytechnic

and
H. M. Howarth

Principal Lecturer, Physics,
Portsmouth Polytechnic

CHAPMAN & HALL
London - New York - Tokyo - Melbourne - Madras




Preface

Contents

1 Introduction

1.1
12
1.3
14
1.5
1.6

Electric current

Electrical potential and emf
Resistance and conductance
Internal resistance
Inductance

Capacitance

2 Direct current theory

21
2.2
23
24
25

Kirchhoff’s laws

Voltage and current generators
Resistors in series and parallel
Non-linear resistive elements
Maximum power theorem

3 Capacitors, inductors and transients

3.1
3.2
33

Capacitors in series and parallel
Inductors in series and parallel
Circuit transients

4 Alternating current theory

4.1
42
43
44

4.5

Graphical representation of ac voltages
Graphical addition of ac waveforms
Algebraic addition of ac voltages and currents
Phasor representation and the addition of ac
voltages and currents

Resistance, self-inductance and capacitance

=

O UV bh p W — -



vi

4.6

4.7

4.8

49

4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17

Contents

Complex representation of ac voltages and
currents—the j notation

Manipulation of complex impedances
Mutual inductance in an ac circuit
Kirchhoff’s laws in ac circuits

Complex impedances in series and parallel
Admittance of an ac circuit

Root mean square values of ac quantities
Power in ac circuits

Complex power and the power triangle
Power usage: improvement of the power factor
Impedance matching

Complex frequency—s notation

Mesh or loop analysis and nodal analysis

5.1
5.2

53

54
5.5
5.6
5.7
5.8
5.9

Mesh (loop) analysis

Mesh and loop analysis applied to a generalized
circuit

Application of mesh (loop) analysis to circuits
containing mutual inductances

Input impedance of a network

Output impedance

Transfer impedance

Nodal analysis

Nodal analysis applied to a generalized circuit
Input, output and transfer admittances

Network theorems and transformations

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9

Thévenin’s theorem

Norton’s theorem

Millman’s theorem

The reciprocity theorem

The superposition theorem

The substitution theorem

The compensation theorem

The star—delta (A—a) transformation
Transformation involving a mutual inductance

Electrical resonance

7.1
7.2
7.3

The series L—-C—R circuit
Voltage magnification in a series L-C—R circuit
The parallel L-C—R circuit

32
34
35
36
36
38
38
39
42
43
44
46

48
48

50

52
54
55
56
57
59
59

63
63
66
69
72
73
74
74
74
77

79
79
83
84



7.4
7.5
7.6
7.7

Contents

Current magnification in a parallel L-C—-R circuit
Alternative definitions for resonance

Uses of series and parallel resonant circuits
Definitions of Q

8 Coupled circuits

8.1
8.2
8.3
8.4
8.5

The generalized coupled circuit

The low frequency transformer

Resonant circuits coupled by a mutual inductance
Resonant circuits with direct coupling

Uses of coupled resonant circuits

9 Two-port networks

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9

Parametric representations of a two-port network
Parameter conversion

The loaded two-port network

Two-port networks connected in cascade
Characteristic impedance

Propagation constant

Symmetrical T and IT networks

Ladder networks

Filters

9.10 Attenuators
9.11 Transmission lines
9.12 Artificial delay lines

Appendix A Quantities and symbols used in the text

Appendix B Exercises

Appendix C Answers to exercises

Index

vii

86
86
87
88

90
90
92
97
103
105

106
107
110
111
114
116
117
118
122
123
128
129
134

136
139
154
157



