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PREFACE

The purpose of this treatment of thermionic vacuum tube
circuits is to develop conventions and methods which may be
used in treating electrical networks and systems containing
trielectrode devices. The topics and the circuits which might
be discussed in a treatise on triode circuits are almost endless
in number, and this book does not aim to cover them all. While
most of the fundamental topics are covered, the main aim of the
book is to impart to the reader a knowledge of fundamental
theory and a familiarity with methods of attacking problems so
that he can investigate systems and circuit' arrangements other
than those discussed in the book. It naturally follows then that
the circuits and topics which are treated are those which best
illustrate and fix in the mind of the reader the methods and con-
ventions used in arriving at the performance of triode ecircuits.

The plan is to take the characteristic curves of the triode as a
starting point and to develop the methods by which it is possible
to predict from these curves the performance of the device in an
electrical network. The book introduces four fundamental triode
constants to treat those situations in which operation takes place
over portions of the characteristic curves which are essentially
straight lines. Two of these four constants were originally
introduced into the discussion of triode circuit equations by
Prof. Edward Bennett of the University of Wisconsin. One of
these constants, the controlled grid conductance, is the ratio of
the change in grid current to the change in plate voltage when the
grid voltage is maintained constant. This ratio is relatively
small and in many cases equal to zero for modern vacuum tubes
which have a high vacuum. In an investigation, however,
carried on in 1917 by Professor Bennett at the University of
Wisconsin on the properties of open-air amplifiers, using the
corona formation as a source of ions, this ratio was a relatively
important one and it is therefore introduced for the sake of
completeness of treatment.

The author follows the system of nomenclature for constants
adopted by Professor Bennett. In this system of nomenclature
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the ratio of the change in plate current to the resulting change in
grid voltage when the plate voltage remains constant is called
the controlled conductance of the plate by the grid, or briefly
the controlled plate conductance. It is common practice else-
where to call this constant the mutual conductance. This name
is rejected because this quantity is in no accepted sense of the
word a mutual one. If it were, it should equal the controlled
grid conductance defined above. We have enough misnamed
quantities in electrical engineering theory now without deliber-
ately adding another to the list. o

The third chapter introduces the idea of describing certain
triode circuit phenomena as resistance neutralization. This idea
is then used as a unifying thread to tie together the material
presented in Chaps. 11, IV, V, VI, and VIII. This method of
presentation is a powerful aid in the establishing of a unity of
viewpoint for the treatment of diverse phenomena.

1 wish to express my indebtedness to Prof. Edward Bennett for
the helpful suggestions which he has given during the writing of
this book and also to Glenn Koehler for the experimental data
which he furnished in connection with the calculations of the
performance of amplifier ecircuits.

Leo JaMes PETERS.
MapisoN, WISCONSIN,
July, 1927.



CONTENTS

Page
Preface . . . . . v
CHAPTER 1
EveMENTARY THERMIONIC THEORY
SECTION
NuUMBERS
1. Introduction . . . . . . . Ce 1
la. Some Types of Trielectrode Dev1ces R 4
1b. The Emission of Electrons from Hot BodJes 7
lc. Thermionic Currents through Evacuated Space . 13
1d. Energy Relations . . . . . . . . .. A [
2. Characteristic Curves of the Two-element Va.cuum Tube ..... 17
3. Characteristic Curves of the Three-element Vacuum Tube . . . 19
4. Conventions . . . . . . . . . e 22
4a. Definition of Triode Constants. . . . . . 25
CHAPTER 11
ELEMENTARY AMPLIFIER THEORY

6. The Use of Triode Constants. . . . . . e e e e 30
6. The Simple Amplifier . . . . . . . . . . 37

7. Straight Amplifier Circuit in Which the Utlhzatlon Devue is not
a Pure Resistance. . . . . . . . . . .. P - 231
8. Multistage Amplification. . . . . . . . . . . .. 47

9. Manner in Which Alternating Power Is Derived from a Source of
Continnous EEM.F. . . . . . .. ... .... 54

10. Conditions Which Must Be Fulfilled by Trlode Circuits in Order to
Obtain Alternating Power from Sources of Continuous E. M. F. 56

CHAPTER III i
RESISTANCE NEUTRALIZATION

11. Introduction to the Notion of Resistance Neutralization. 62
11a. Complete Equations for Fig. 25 . . . . . L. 65
12. Conditions Necessary for Resistance Neutrahzatlon ....... 66
13. Power Relations . . . . . . . . .. . ... e e 67
14. Departures from Pure Resistance Neutralization . . . . . 71

15. Conditions Necessary for Triode Circuits to Function as Resxstance
Neutralizers . . . . . . . . ... ... ... 72
16. Expressions for N Obtalned from the Power Relatlons 75

17. Variation of N with the Amplitude of the Current in the Oscﬂlatmg
Circuit. . . . . ... ... D £



viil CONTENTS

SECTION

NuUMBERS Paag
" 18. Power Output Curves . . . . . . . . Lo .. 84
19. Direct Experimental Determination of N / U2 Curves ....... 85

CHAPTER 1V
THE TRIODE A$ A GENERATOR OF SUSTAINED OSCILLATIONS

20. Conditions Leading to the Generation of Sustained Oscillations by

Triode Circuits . . . . . . . . . T . -1
21. Amplitude of the Oscillations. . . . . . . . . . . . .. ... 90
22. Stability of Operation . . . . . . . . ¢ ) |
23. Power Output . . . . . P ¢
24. Conditions for Maximum Power Output and Eﬁ‘imency P ¢
26. Frequency of the Oscillations. . . B ¢ 1t
26. Operation of Oscillator Tubes in Parallel e e o ... 100

CHAPTER V

BEHAVIOR OF RADIO RECEIVING SYSTEMS TO SIGNALS AND TO INTERFERENCE

27. Steady-state Properties of a Simple Series Antenna Circuit Asso-

ciated with a Pure Resistance Neutralizer . . . . . . . . . . 107
28. Application to Triode Circuits . . . 110
29. Effect of Resistance Neutralization upon the Power Whlch Can Be

Abstracted from Impinging Waves by an Antenna. . . . . . . 112
30. Introduction to the Method to Be Used in Arriving at the Actual

Behavior of Receiving Circuits to Signals and to Interference . . 121

31. The Generators Which Replace the Voltage Induced in a Receiving
Antenna by an Interrupted Continuous-wave Transmitting

Station. . . . . . . . . O b2 |
32. Spark Telegraphy. . . 131
33. The Generators Which Replace the Voltage Induced ina Rece1v1ng

Antenna by a Radio Telephone Transmitter . . . . . . . . . 138
34. Voltage Induced in a Receiving Antenna by Strays . . . . . 139
35. The Reception of I.C.W. Signals through Interference Due to

Atmospheric Strays . . . . . . . . 142
36. The Reception of Radio Telephone Slgnals through Stray Inter-

ference. . . . . . 144
37. The 1.C.W. Transmltter and the Spark Transmltter as Sources of

Interference . . . . 144
38. General Conclusions on the Extent to Whlch Interference Can Be

Mitigated by Frequency-selecting Systems . . . . . . . . . 146
39. Theory of the Simple Series Antenna Circuit Associated with a

Pure Resistance Neutralizer . . . 147
40. Power Relations in the Simple Serles Clrcult Rece1v1ng I C W

Signals. . . . . . 152

41. Power Relations in the Slmple Serles Clrcurt Recelvmg Telephone
Signals. . , . . . I 1Y 6



CONTENTS X

CHAPTER VI
Triope Circurtr EQUATIONS
SECTION
NUMBERS PaGe
42. Triode with a Tuned Circuit in the Plate Branch . . . . . . . . 160
43. Triode with a Tuned Circuit in the Grid Branch . . . 163

44. Triode with a Tuned Circuit in Both the Plateand the Gl‘ld Branches 164
48. Triode Circuit with a Coil in the Plate and Grid Circuits and a

Condenser from the Plate to the Grid . . . . . . 170
46. Triode Circuit with Condensers in the Plate and the Grld Branches

and a Coil between the Plate and the Grid. . . . . ... 170
46a. Triode with an Auxiliary Circuit and a Tuned Grid Clrcult .. 171
47. Generalized Amplifier Cirenit. . . . . . . . . . . . . . . . . 179

CHAPTER VII

MoDpULATION AND DDEMODULATION

48. Preliminary Considerations. . . . . . . . . . . . . . . . . . 182
49. Grid Circuit Modulation. . . . ... ... 187
50. Demodulation without a Grid Stopplng Condenser ... . L0190
51 and §2. Plate Circuit Modulation . . . . . P £ /1

CHAPTER VIIT

Tueory AND DEsSIGN oF AMPLIFIER CIRCUITS

63. Internal Capacitance of Triodes. . . . . . 196
64. Input Impedance of a Triode with Various Impedances in the Plate
Circuit. . . . . . 197
§6. Value of the Reslstance Whlch Must Be Placed in the Output
Circuit in Order to Obtain Maximum Power Output. . . . . . 206
56. Amplification Characteristics of a Single Tube with a Pure Resist-
ance in the Output or Plate Cireuit . . . . . . ... .. 208
67. General Equations for the Impedance-coupled Arnphﬁer oL 212
§8. Variation of Voltage Amplification with Qutput Resistance When a
Constant Plate Battery Is Used. . . . . . e . ... . 218
§9. Transformer Coupled Amplifier. . . . .. 222
60. The Elimination of the Effects of Plate to Gl‘ld Capacltance .o.229
APPENDIX A
Derivation of Some of the Equations Used in Chap. V. . . . . . . . 231
APPENDIX B
Solution of Differential Equations for the Circuit of Fig. 25 . . . . . 238
APPENDIX C
Table of Symbols. . . . . . . A .2 113

Index. . . .. . . . . . . o . .. ... . ... . 248





