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PREFACE

This book has been written as a comprehensive, self-explanatory reference hand-
book for the benefit of all who have an interest in the design and application of radio
receivers or audio amplifiers. Everything outside this field—television, radio trans-
mission, radar, industrial electronics, test equipment and so on—has been excluded
to limit the book to a reasonable size,

An effort has been made to produce a handbook which, in its own sphere, is as self-
contained as possible, Extensive references to other sources of information have
been included for the reader who might require additional detail.

The success of the previous edition, of which over 280,000 copies have been sold
throughout the world, encouraged Amalgamated Wireless Valve Company Pty. Ltd.,
to undertake the compilation of the present up-to-date edition which is more com-
plete, great pains having been taken to fill in many of the gaps in the data published
hitherto. This has involved a .considerable amount of both experimental and an-
alytical work by the editor and by engineers assisting in the project. Some original
work, previously unpublished, has been included.

Although the various chapters have been writien by individual authors, all are truly
the result of team work, each having been carefully and critically examined by several
other engineers specializing in that particular field. In this way the accuracy of
mathematical calculations and of individual statements was checked and re-checked

to ensure that the reader would not be misinformed.
1 wish to express my grateful thanks to Mr. R. Lambie, Manager, Mr. D. M.
Sutherland, Works Manager, and to the following collaborating engineers—

J. E. Bailey, Dr. W. G. Baker, D, Barnett, J. D. G. Barrett, Dr. G. Builder,
N. V. C. Cansick, W. N. Christiansen, Dr. E. R. Dalziel, K. G. Dean, H. L.
Downing, J. Gilchrist, I. C Hansen, R. Herbert, F. Holloway, 1. Hood, D. G.
Lindsay, W. S. McGuire, E. J. Packer, J. Pritchard, R. J. Rawlings, B. Sandel,
J. Stacey, R. D. Stewart, J. E. Telfer, R. Vine, E. Watkinson.

1 also wish to express my thanks to Mr. R. Ainsworth for his invaluable work in
sub-editing and assistance in indexing and to Mr. R. H. Aston for compiling data.,

F. LANGFORD-SMITH
Amalgamated Wireless Valve Company Pty. Ltd.

NOTES

References to valve types are to the prototype (e.g. 6]7) and include all equivalent
types (e.g. 6J7-G, 6]7-GT etc.) unless otherwise indicated.

If any errors are noted, please write to the Editor, Radiotron Designer’s Handbook,
Amalgamated Wireless Valve Co. Pty. Ltd., 47 York Street, Sydney, Australia.

™






ACKNOWLEDGEMENTS

The editor wishes to acknowledge his indebtedness to the publishers of the
following periodicals for permission to reproduce the diagrams listed below. In
some cases the diagrams are based largely on the originals, although modified.

_ PERIODICALS :
Audio Engineering 13. 50D, 50E. 14. 1A, B, G, D, E, F, G, H. 15. 15, 16, -
57A, 57B, 60. 16. 15. 17. 7, 8, 15A, 15B, 15C, 18, 19A, 19B, 19C, 20, 22, 24B,
24C, 27A, 27B, 27C, 31, 37A. 19. 6A. 20. 10, 13, 14.

AW.A, Technical Review 25. 33, 34, 35, 36, 37, 38, 39. 26. 6. 27. 44.
Communications 7. 72, 73, 16, 16, 18, 17, 18. 23. 17, 18, 19, 20, 21, 22, 23,
24, 25, 26.

Electronic Engineering 5. 13E, 13F, 13G, 13H, 13], 13K, 13L, 13M, 13N, 13P,
13Q, 13R, 138§, 13T, 13U, Table 5. 7. 51D. 11. 7, 8,9, 10, 11, 12, 13. 12. 3B,
3C, 11A, 11B. 15. 4, 63. 17. 21, 26, 18. 6A, 6B,

Electronic Industries 17. 6.

Electronics 1. 8. 4. 34. 5.21, 22. 7.51. 9.17, 18. 12. 47A, 47B, 48.
15. 17, 18A, 18B, 38, 39, 45, 46, 52, 53, 61. 16. 4, 10, 12, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28. 21. 9. 35. 24, 25. 36. 3, 5.

FM-TV Radio Communication 17. 35. 20. 25, 26, 27.
Journal Acoustical Society of America 20. 28.
Journal British LR.E. 5. 13C, 13D.

Proceedings I.R.E. (U.S.A) 7.58, 59. 12. 7C. 13. 9B. 14. 6. 20. 24. 25.
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21. 30. 4,5, 6,7, 8, 9.
37. 2, 3, 4 '

Proceedings I.LEE. 7. 60, 65, 69, 70.

Proceedings I.R.E. Australia 35. 19, 20, 21.

Q.S.T. 16. 13,

Radio 13. 50D, 50E. 15. 47A, 47B.

Radio and Hobbies (Australia) 15. 14B, 35B, 37B, 37C.
Radio and TV News 15, 43A, 43B. 16. 14. 18. 7A, 7B.
Radio Craft 15. 42, 44A, 49, 54. 17. 33,

Radio Electronics 15. 64.

R.C.A. Review 17. 37A. 27. 20, 21, 25, 27.

Tele-Tech 15. 14A. 36. 2. 38. Chart 38.4.

T.V. Engineering 10. 10. -

Wireless Engineer 5. 13B. 7. 75, 76, 77, 78, 79, 80, 81, 82, 83. 11. 1, 6A.

Wireless World 4. 10, 26. 7. 51A, 54B, 54C, 55D, 55E, 55F, 59C. 12. 34, 35,
39. 15. 5, 13, 41, 50, 51, 55, 56A, 56B, 58A. 16. 8,9, 11. 17. 24A, 28, 32, 35B,
35C, 35D, 35E, 35F, 35G. 18. 26. 20. 5,9, 11, 12, 16, 17. 31. 6.

Reference numbers are given either in the titles or in the text. Lists of refer-
ences giving authors’ names and details of articles are given at the end of each chapter.

(vii)



ACKNOWLEDGEMENTS (Continued)

BOOKS AND OTHER PUBLICATIONS

The editor desires to acknowledge his indebtedness to the authors and publishers
of the following books and publications for permission to reproduce the diagrams and
tables listed below.

Redrawn by permission from ELECTRONIC TRANSFORMERS AND CIRCUITS

by R. Lee, published by John Wiley & Sons, Inc., 1947, Fig. 5.23.

Redrawn by permission from General Electric Company from TRANSFORMER

.ENGINEERING—Ist ed. by Blume, Camilli, Boyajian & Montsinger, published

by Jobn Wiley & Sons, Inc. 1938. Fig. 5.18B.

Redrawn by permission from ELEMENTS OF ACOUSTICAL ENGINEERING

(2nd ed.) by H. F. Olson, copyrighted by D. Van Nostrand Company Inc. Table

19.7. Fig. 20.30.

Redrawn by permission from NETWORK ANALYSIS AND FEEDBACK AM-

PLIFIER DESIGN by H. W. Bode, Bell Telephone Laboratories Inc., copyrighted

1945 by D. Van Nostrand Company Inc. Figs. 7.55A, 7.55B, 7.55C, 7.56A.
Other acknowledgements are given in the titles.

OTHER PUBLICATIONS

Aerovox Research Worker, Vol. 11, Nos. 1 and 2, January-February 1939, Figs. 5
and 6. Published by permission of Aerovox Corporation. Tables 38. 43, 44.
Charts 38. 1, 2.
Allegheny Ludlum Steel Corporation—curves 3.6% silicon steel. Fig. 5. 20.
American Standards Association * American Standard for Noise Measurement *
Z24.22-1942. Figs. 19. 7, 8.
Australian Radio Technical Services and Patents Co. Pty. Ltd.—Technical Bulletins.
Figs. 15. 22, 23, 24, 25, 26, 27, 43. 31. 3, 4, 5.
Amalgamated Wireless Australasia Ltd. Figs. 18. 7. 28. 2.
Electrical and Musical Industries. Fig. 17. 25.
Jensen Manufacturing Company—Jensen Technical Monograph No. 3. Figs.
14. 2, 3, 4, 5.
P. R. Mallory & Co. Inc. *“ Fundamental Principles of Vibrator Power Supply
Figs. 32. 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13.
National Bureau of Standards Circular C74, Fig. 208 redrawn and published by per-
mission of National Bureau of Standards. Fig. 10. 3.
Standard Transformer Corporation * Engineering a transformer.” Figs. 5. 18C,
18D. Table 38. 70.
General Electric Company Ltd. ¢ Radio receiver for use with high fidelity ampli-
fiers.”” Fig. 15. 62A,
Radio and Television Manufacturers Association (U.S.A.)—Extracts from, or sum-
maries of, the following Standards : ]
ET-107, ET-109, ET-110, REC-11, REC-101, REC-103, REC-104, REC-105,
REC-106-A, REC-107, REC-108, REC-113, REC-114, REC-115-A, REC-116,
REC-117, REC-118, REC-119, REC-121, REC-128, S-410, S-416, S-417, S-418,
S-504, SE-101-A, SE-103, SE-105, TR-105-A, TR-113-A.

Note :—References in the text to R.M.A. Standards should be taken as having
been issued by RTMA.
IL.R.E. Standards, Figs. 3. 11B, 15. 37. 1, 2, 3, 4.
Radio Industry Council—Information from standards on resistors and capacitors.
Chapter 38 Sections 2 and 3.
Radio Corporation of America. 1. 6. 2. 324, 33, 34, 35, 47. 3. 16, 17. 10. 6.

13. 26, 30, 48. 17. 5A. 23. 9, 10, 11, 12, 13, 14, 15, 16. 30. 2A, 2B, 2C, 11.
33. 14. 35. 17.

(viid)



CHAPTER HEADINGS
PART 1: THE RADIO VALVE

CHAPTER

1

INTRODUCTION TO THE RaDIO VALVE

Pace

2 VALVE CHARACTERISTICS . 13
3 THE TESTING OF OXIDE-COATED CATHODE HIGH-VACUUM RECEIVING VALVEs 68
PART 2: GENERAL THEORY AND COMPONENTS

4 THEORY OF NETWORKS . . 128

5 TRANSFORMERS AND IRON-CORED INDUCTORS 199

6 MATHEMATICS . 254

7 NEGATIVE FEEDBACK . 306

8 WAVE MOTION AND THE THEORY OF MODUIATION 403

9 TuNED CIRCUITS . . 407

10 CALCULATION OF INDUCI'ANCE . 429
11 DEesiGN oF Rap1o FREQUENCY INDUCTORS 450

PART 3: AUDIO FREQUENCIES

12 Aupio FREQUENCY VOLTAGE AMPLIFIERS 5 481
13 Aupio FREQUENCY POWER AMPLIFIERS 544
14 FIDELITY AND DISTORTION . 603
15 ToNE COMPENSATION AND TONE CONTROL . 635
16 VoLUME EXPANSION, COMPRESSION AND LIMITING ... 679
7 REPRODUCTION FROM RECORDS.. 701

18 MICROPHONES, PRE-AMPLIFIERS, ATTENUATORS AND MIXERS 775
19 UNITS FOR THE MEASUREMENT OF GAIN AND NOISE 806
20 IT.OUDSPEAKERS ... 831
21 THE NETWORK BETWEEN 'mE POWER OUTPUT STAGE AND THE LOUDSPEAKER 880

PART 4: RADIO FREQUENCIES
22 AERIALS AND TRANSMISSION LINES 890
23 Rapio FREQUENCY AMPLIFIERS 912
24 OSCILLATORS 947
25 FREQUENCY Convmxon AND TRACKING . 962
26 INTERMEDIATE FREQUENCY AMPLIFIERS ... 1020
27 DETECTION AND AUTOMATIC VOLUME CONTROL ... 1072
28 REFLEX AMPLIFIERS ... 1140
29 LIMITERS AND AUTOMATIC FREQUENCY Comox. . 1147
PART 5: RECTIFICATION, REGULATION, FILTERING AND HUM
30 RECTIFICATION ... 1161
31 FILTERING AND HUM ... 1192
32 VIBRATOR POWER SUPPLIES . ... 1202
33 CURRENT AND VOLTAGE REGULATORS . 1213
PART 6: COMPLETE RECEIVERS
34 Types oF A-M RECEIVERS ... ... 1223
35 DESIGN OF SUPERHETERODYNE A-M REcmvms ... 1228
36 DEsiGN oF F-M RECEIVERS ... ... 1287
37 RECEIVER AND AMPLIFIER TESTS AND MEASUREMENTS . 1297
PART 7: SUNDRY .DATA
38 TABLES, CHARTS AND SUNDRY DaATaA . . 1328
See next page for detailed List of Contents
. 1475

SUPPLEMENT

(ix)



CONTENTS
PART 1: THE RADIO VALVE
CHAPTER 1. INTRODUCTION TO THE RADIO VALVE

SECTION PAGE
1. ELECTRICITY AND EMISSION ... . 1
2. THE COMPONENT PARTS OF RADIO VALVES 4

@ Filaments, cathodes and heaters 4
(ii) Grids 50 5
(iii)  Plates 5
(iv)  Bulbs . 5
) Voltages with valve operanon 5
3. Types oF RapIO VALVES 6
@) Diodes 6
(ii) Triodes 7
(ili)  Tetrodes ... 7
(iv)  Pentodes ... 7
($) Pentode power amphﬁers 8
(vi) Combined valves 8
(vii) Pentagrid converters 8
4. MAXIMUM RATINGS AND TOLERANCES e 9
@) Maximum ratings and their mterpretanon 9
(ii) Tolerances e 9
5. FILAMENT AND HEATER VOLTAGE/CURRENT CHARAcrmsucs 10
6. VALVE NUMBERING SYSTEMS 10
7. REFERENCES 12
CHAPTER 2. VALVE CHARACTERISTICS
1. VALVE COEFFICIENTS ... 13
2. CHARACTERISTIC CURVES 15
@ Plate characteristics 15
(ii) Mutual characteristics ... 17
(iii) Grid current characteristics ... 18
(iv)  Suppressor characteristics 21
) Constant current curves 22
(vi) “G?” curves .. 23
(vii)  Drift of characteristics dunng hfe 23
(viii) Effect of heater-voltage variation 24
3. ResISTANCE-LOADED AMPLIFIERS ... .. .. .. .o .. 24
@) Triodes ... 24
@iD Pentodes ... 26
4. TRANSFORMER-COUPLED AMPLIFIERS 27
@) With resistive load 27
(ii) Effect of primary resistance ... 28
(iii) With i-f voltage amplifiers ... 28
@iv)  R-F amplifiers with sliding screen ... 28

®



CONTENTS

SECTION PAGE
1) Cathode loadlines 29
(vi)  With reactive loads 30
5. TRIODE OPERATION OF PENTODES ... 34
@ Triode operation of pentodes 34
(i) Examples of transconductance calcu]anon 34
(iii)  Triode amphﬁcanon factor ... 35
(iv)  Plate resistance ... . . 36
&) ‘Connection of suppressor gnd 36
6. CoONVERSION FACTORS, AND THE CALCULATION OF CHARACTERISTICS O'I'HER
THAN THOSE PUBLISHED . 36
16)) The basis of valve conve-smn factors 36
(ii) The use of valve conversion factors 37
(ili)  The calculation of valve characteristics other than those pub-
lished 40
@iv)  The effect of changes in operatmg condmons 42
7. VALVE EQUIVALENT CIRCUITS AND VECTORS 45
@) Constant voltage equivalent circuit ... 45
(ii) Constant current equivalent circuit ... 46
(iii)  Valve vectors ... 47
8. VALVE ADMITTANCES ... 49
€Y} Grid input mpedance and admlttance 49
(ii) Admittance coefficients . 50
(iii) © The components of ‘grid _admittance—input resistance—
input capacitance—grid input admittance 51
@iv)  Typical values of short-circuit input conductance 55
4] Change of short-cn'cmt-mput capacitance with transconduct-
ance ... 55
(vi) Grid-cathode capac1ta.nce . 56
(vii)) Input capacitances of pentodes (pubhshed values) 56
(viii) Grid-plate capacitance ... . 57
9. MATHEMATICAL RELATIONSHIPS v e 57
@) General ... 57
(i) Resistance load ... 58
(iii) Power and eﬁiqency 59
@iv) Series expansion ; resistance load 61
™) Series expansion ; general case 63
(vi) The equivalent plate circuit theorem 63
(vil) Dynamic load line—general case 64
(viii) Valve networks—general case ... 64
(ix)  Valve coefficients as partial dlﬁ'erentlals 64
(x) . Valve characteristics at low plate currents ... 65
10. REFERENCES 66

CHAPTER 3. THE TESTING OF OXIDE-COATED CATHODE
HIGH-VACUUM RECEIVING VALVES

1. Basis OF TESTING PRACTICE 68
6] Fundamental physical propert:es 69
(ii) Basic functional characteristics 70
(iii) Fundamental characteristic tests .. 3
(iv)  Valve ratings and their limiting effect on operanon 75

(A) Limiting ratings .o . . 5
(B) Characteristics usually rated i)
(C) Rating systems . 71
(D) Interpretation of maximum ratmgs 77
(E) Operating conditions . 80
) Recommended practice and operation 80
(a) Mounting 80
(b) Ventilation 81

(xi)



CONTENTS

SecTioN PAGE
{¢) Heater-cathode insulation ... vee L eee 81
(d) Control grid circuit resistance . 82
(e) Operation at low screen voltages ... 84
(f) Microphony ... 84
(g Hum ... 84
(h) Stand-by operatlon 84
2, CoNTROL OF CHARACTERISTICS DURING MANUFACTURE ... 85
@) Importance of control over characteristics ... 85
(ii) Basic manufacturing test specification 85
(iii)  Systematic testing 86
(iv) Tolerances on charactenstrcs 88
3. METHODS OF TESTING CHARACTERISTICS ... 89
@) General conventions ... 90
(ii) General characteristics ... 91
(a) Physical dimensions ... 91
(b) Shorts and continuity .. . 91
(c) Heater (or filament) current 93
(d) Heater to cathode leakage ... 94
(e) Inter-electrode insulation 94
(f) Emission . 94
(g) Direct 1nter-e1ectrode capaatanccs 95
(iii)  Specific diode characteristics ... 99
(a) Rectification test 99
(b) Sputter and arcing ... ... 100
(c) Back emission ... .. 100 .
(d) Zero signal or standmg dlode current 101
@iv) Specific triode, pentode and beam tetrode chamctensnm 101
(A) Reverse grid current . .. 101
(B) Grid current commencement voltage .. 102
(C) Positive grid current . . . .. 102
(D) Positive voltage electrode currents . .. 103
(E) Transconductance or mutual conducta.ncc ... 103
(F) Amplification factor ... ... 104
(G) Plate resistance .. 104
(H) A.C. amplification ... .. 105
(I) Power output ... .. 105
(J) Distortion .. 106
(K) Microphony ... .. 107
(L) Audio frequency noise .. 107
(M) Radio frequency noise . 107
(N) Blocking .. 107
(O) Stage gain testing ... ... 108
(P) Electrode dissipation .. ... 108
W) Specific converter charactensucs . 108
(A) Methods of operation mcludmg oscﬂlator excxtauon 108
(1) Oscillator self-excited ... 108
(2) Oscillator driven ... ... 109
(3) Static operation .. 109
(B) Specific characteristics .. 109
(a) Reverse signal grid current .. 109
(b) Signal-grid current commencement . 109
(c) Mixer positive voltage electrode currents 109
(d) Mixer conversion transconductance o 109
(e) Mixer plate resistance . 111
(f) Mixer transconductance ... .. 111
(g) Oscillator grid current . 111

(xii)



CONTENTS

(h) Oscillator plate current
(i) Oscillator transconductance
(i) Oscillator amplification factor
(k) Oscillator plate resistance ...
() Signal-grid blocking...
(m) Microphony ...
: (n) R-F noise
(vi)  Tests for special characteristics
(A) Short-circuit input admittance
(B) Short-circuit feedback admittance ...
(C) Short-circuit output admittance
(D) Short-circuit forward admittance
(E) Perveance 5
(vii)  Characteristics by pulse methods——pomt by pomt
(viii) Characteristics by curve tracer methods

4. ACCEPTANCE TESTING . .
@ Relevant cha.ractensucs
(ii) Valve specifications
(iii)  Testing procedure
5. SERVICE TESTING AND SERVICE TESTER DRAcncs .
(6)] Purpose and scope of service testing and dlscussmn of as-
sociated problems ...
(i) Fundamental characteristics Wthh should be tested
(i) Types of commercial testers
(iv)  Methods of testing characteristics in .,ommerctal service testers
(a) Shorts testing ...
(b) Continuity testing :
(c) Heater to cathode leakage
(d) Emission testing
(e) Mutual conductance testmg
(f) Plate conductance testing .
(g) Reverse grid current testing ...
(h) Power output testing .
(i) Conversion conductance test1ng 0
(§) Oscillator mutual conductance testing
(k) Noise testing ...
(1) A.C. amplification tesnng .
(W) A.C. versus d.c. electrode voltages in testers
(vi)  Pre-heating . .
(vii) ~ Testing procedure
6. REFERENCES o

SECTION

PART 2: GENERAL THEORY AND COMPONENTS
CHAPTER 4. THEORY OF NETWORKS

1. CURRENT AND VOLTAGE
@) Direct current
(ii) Alternating current .
(iii)  Indications of polarity and current ﬂow
2, RESISTANCE .
@) Ohm’s Law for d.c.
(i) Ohm’s Law for a.c.
(iii)  Resistances in series
(iv)  Resistances in parallel ...
2] Conductance in resistive circuits

(xiif)

Pace
113
113
113
113
113
113
113
113
113
117
117
117
117

118
119

120

128
128
129

130
130
131
131
132
133



SECTION

3. POWER ...
@
(i)

CONTENTS

Power in d.c. circuits .
Power in resistive a.c. circuits...

4. CAPACITANCE

@ -

(if)
(ii)
(iv)
)

5. INDUCTANCE

®
(i)
(iii)
(iv)
)
(vi)
6. IMPEDANCE
)]
(i)
(i)
(i)
$7)]
(vi)

7. NETWORKS
o)
(i)
(i)
(@iv)
\2]
(vi)
(vii)
(viii)
(ix)
®
(xi)
(xii)
(i)
(xiv)

(xv)

8. FILTERS
6]
(ii)
(i)
(iv)
(V)

(vi)
(vii)
(viid)
(ix)
)
(xi)

Introductlon to capaqta.nce .
Condensers in parallel and series
Calculation of capacitance
Condensers in d.c. circuits
Condensers in a.c. circuits

Introduction to inductance
Inductances in d.c. circuits .
Inductances in series and parallel
Mutual inductance

Inductances in a.c. circuits
Power in inductive circuits

AND ADMITTANCE

Impedance, a complex quantlty

Series circuits with L, C and R .
Parallel combinations of L, C and R .
Series-parallel combinations of L, C and R .
Conductance, susceptance and admittance
Conversion from series to parallel impedance

Introduction to networks

Kirchhoff’s Laws

Potential dividers

Thevenin’s Theorem

Norton’s Theorem ..

Maximum Power Transfer Theorem
Reciprocity Theorem

Superposition Theorem...
Compensation Theorem...
Four-terminal networks...

Multi-mesh networks
Non-linear components in networks
Phase shift networks

Transients in networks ...

References to networks ...

Introduction to filters

Resistance-capacitance filters, high-pass and low-pass

Special types of resistance-capacitance filters

Iterative impedances of four terminal networks

Image impedances and image transfer constant of four ter-
minal networks

Symmetrical networks

“ Constant k” filters

M-derived filters

Practical filters ..

Frequency dividing networks

References to filters

(xiv)

171

172
172
172
176
176

177
179
179
182
184
184
185



CONTENTS
SECTION
9, PRACTICAL RESISTORS, CONDENSERS AND INDUCTORS
@ Practical resistors .
(ii) Practical condensers
(iii) Combination units
(iv)  Practical inductors
) References to practical resxstors and condensers

PAGE
186
186
191
197
197
198

CHAPTER 5. TRANSFORMERS AND IRON-CORED INDUCTORS

1. IpEAL TRANSFORMERS
@ Definitions
(ii) Impedance mlculauons——smgle load
(iii) Impedance calculations—multiple loads

2. PRACTICAL TRANSFORMERS .
@ General considerations ...
i) Effects of losses .

3. AupIO-FREQUENCY TRANSFORMERS
6 General considerations ...
(ii) Core materials
(iii)y Frequency response and dlstornon
(a) Interstage transformers
(b) Low level transformers
(c) Output transformess ... .
(iv)  Designing for low leakage mducmnce
4] Winding capacitance . . .
(vi)  Tests on output transformers
(vii)  Specifications for a-f transformers

4. MagNETIC CIRCUIT THEORY
()] Fundamental magnetic relauonshlps
(ii) The magnetic circuit
(iii) Magnetic units and conversion factors

5. POWER TRANSFORMERS...
@  General .
(ii) Core material and size
(iii) Primary and secondary turns ...
(iv)  Currents in windings
W) Temperature rise
(vi)  Typical design RO
(vii)  Specifications for power transformers

6. IRON-CORED INDUCTORS
()] General
(ii) Calcu.lauons—general
(iii)  Effective permeability
(iv)  Design with no d.c. flux
() Design of high Q inductors
(vi) Design with d.c. flux
(vii) Design by Hanna’s method ...
(viii) Design of inductors for choke-input ﬁlters
(ix) Measurements .
x) Iron-cored inductors in resonant crrcmts

7. REFERENCES

(xv)

199
199
200
201

204
204
205

206
206
207

209
210
211
217

10
r2 -4

227
228

229
229
231
232

233
233
234
235
236
236
237
241

242
242
242
243
243
245
247
248
249
250
251

252



CONTENTS

SECTION : Pace

CHAPTER 6. MATHEMATICS

1. ARITHMETIC AND THE SLIDE RuULE ... .. 255
6)) Figures ... .. ... 255
(i1) Powers and roots .. 255
(iii) Logarithms e 255
(iv)  The slide rule ... - .. 257
\2) Short cuts in anthmetlc ... 258

2. ALGEBRA .. 259
1) Addition ... e 260
(ii) Subtraction .. 260
(iiiy  Multiplication ... ... 260
(iv)  Division ... .. 260
) Powers ... ... 260
(vi) Roots .. 261
(vii)  Brackets and sxmple mampulatlons ... 261
(viii) Factoring oo e .. 262
(ix)  Proportion . 262
(x) Variation . 262
(xi) Inequalities . 262
(xii)  Functions ... 263
(xiii) Equations . ... 263
(xiv) Formulae and laws . 265
(xv) Continuity and limits ... .. 265
(xvi) Progressions, sequences and series ... ... 266
(xvii) Logamhtmc and exponentlal functions . 267
(xviii) Infinite series ... . ... 268
(xix) Hyperbolic functions ... ... 269
(xx) General approximations .. 2N

3. GEOMETRY AND TRIGONOMEIRY . 272
i) Plane figures 3 .. 2712
(1) Surfaces and volumes of sohds . 275
(iii)  Trigonometrical relationships ... . 215

4, PERIODIC PHENOMENA ... .. 278

5. GRAPHICAL REPRESENTATION AND j NOTATION ... . 279
@ Graphs ... e 219
(i) Finding the equatlon to a curve .. 281
(iii)  Three variables ... .. 281
(iv)  Vectors and j notation ... . .. 282

6. COMPLEX ALGEBRA AND DE MOIVRE’S Tx-mom:m .. 285
6)) Complex algebra with regular coordinates ... .. 285
(ii) Complex algebra with polar coordinates ... ... 286
(iii) De Moivre’s Theorem ... .. 287

7. DIFFERENTIAL AND INTEGRAL CALCULUS ... .. 289
(6)) Slope and rate of change ... 289
(i) Differentiation ... . .. 291
(iii)  Integration . 204
(iv)  Taylor’s Series ... ... 298
W) Maclaurin’s Series . 299

8. FOURIER SERIES AND HARMONICS ... e 299
i) Periodic waves and the Founer Senes v 299
(1) Other applications of the Fourier Series ... e 302
(iii)  Graphical Harmonic Analysis . 302

(xvi)



CONTENTS

SECTION - Pace
CHAPTER 7. NEGATIVE FEEDBACK
1. FuNDAMENTAL TYPES OF FEEDBACK .. ... 306
@ Feedback positive and negauve ... 306
(ii) Negative voltage feedback at the xmd-frequency .. 307
(iii)  Negative current feedback at the mid-frequency ... .. 312
(iv)  Bridge negative feedback at the mid-frequency ... ... 313
W) Combined positive and negative at the mid-frequency ... 314
(vi)  Comparison between different fundamental types at the mid-
frequency . 315
2. Pracricar FEeDBACK CIRCUITS ... 316
@ The cathode follower ... ... 316
(ii) - The cathode degenerative amphﬁer and phase sphtter .. 327
(iii)  Voltage feedback from secondary of output transformer ... 330
(iv)  Voltage feedback from plate—transformer input ... .. 332
) Voltage feedback from plate—r.c.c. input ... ... 332
(vi)  Voltage feedback over two stages ... .. 334
(vii) Voltage feedback over three stages ... .. 34
(viii) Cathode coupled phase inverters and amphﬁers ... 347
(ix) Hum . .. 348
®) Some spec1al features of feedback amphﬁers . 352
(xi) Combined positive and negative feedback ... ... 352
(xii) Choke-coupled phase inverter . ... 355
3. STaBILITY, PHASE SHIFT AND FREQUENCY RBPONSE ... 356
@ Stability and instability... ... 356
(u) Conditions for stability... : ... 356
(i)  Relationship between ﬂhasc shift a..d attenuation ... .. 350
(iv)  Design of 1 and 2 stage amplifiers ... .. 364
W) Design of multistage amplifiers . 365
(vi)  Effect of feedback on frequency response ... ... 378
(vii) Design of amplifiers with flat frequency response ... .. 309
(viii) Constancy of characteristics with feedback - . ... 388
(ix)  Effect of feedback on phase shift ... . ... 389
4. SPECIAL APPLICATIONS OF FEEDBACK .. 389
5. VALVE CHARACTERISTICS AND FEEDBACK ... .. 390
6)] Triode cathode follower ... 390
(ii) Pentode cathode follower .. 393
Gii)  Triode with voltage feedback e .. 394
(iv)  Pentode with voltage feedback, transformer coupled .. 39
1) Cathode degenerative triode ... ... 397
(vi)  Cathode degenerative pentode ... .. 399
(vii) Cathode-coupled triodes ... 399
(viii) Feedback over two stages .. 399
6. REFERENCES TO FEEDBACK ... . .. 399
7. OVERLOADING OF FEEDBACK AMPLIFIERS ON TRANSIENTS ... 1475
CHAPTER 8. WAVE MOTION AND THE THEORY OF
MODULATION
1. INTRODUCTION TO ELECTROMAGNETIC WAVES .. 403
@) Wave motion ... ... 403
(i) Electromagnetic spcctrum ... 404
(iii) Wave propagation ... 404
2. TRANSMISSION OF INTELLIGENCE ... ... 405
) Introduction ... 405
(i1) Radio telegraphy... ... 405
(iii) Radio telephony ... ... 405

(xvii)



CONTENTS

SECTION

S BN =

10.
11,
12,

CHAPTER 9. TUNED CIRCUITS

INTRODUCTION ...
DaAMPED OSCILLATIONS
SERIES RESONANCE
PARALLEL RESONANCE
GENERAL CASE OF SERIES RESONANCE
SELECTIVITY AND GAIN

@) Single tuned circuit

(ii) Coupled circuits—tuned secondary .

(iiiy  Coupled circuits—tuned primary, tuned secondary

@iv)  Coupled circuits of equal Q ... . . .

) Coupled circuits of unequal Q
SELECTIVITY—GRAPHICAL METHODS

@ Single tuned circuit ... .

@) Two identical coupled tuned c1.rcu1ts
CoUPLING OF CIRCUITS .

@) Mutual inductive couphng R

(i1) Miscellaneous methods of couphng

(iii) Complex coupling
RESPONSE OF IDENTICAL AMPLIFIER STAGES IN CASCADE
UNIVEK3AL SELECTIVITY CURVES
SUMMARY OF FORMULAE FOR TUNED Cmcun‘s
REFERENCES

CHAPTER 10. CALCULATION OF INDUCTANCE

SINGLE LAvER COILS OR SOLENOIDS
[6)) Current-sheet inductance
(i) Solenoids wound with spaced round wires ...
(ili)  Approximate formulae ...
@iv) Design of single layer solenoxd .
®) Magnitude of the differences between L and L,
(vi)  Curves for the determination of the * urrent—sheet induc-
tance ...
(vii) Effect of concentrlc, non-magnetlc screen
MULTILAYER SOLENOIDS a0 .
@) Formula for current sheet mductance
(i) Correction for insulation thickness
(iii) Approximate formulae ...
(iv)  Design of multilayer coils
) Effect of a concentric screen ...
ToroIpAL CoILS
@) Toroidal coil of cnrcular secnon wnth smgle layer wmdmg
(i) Toroidal coil of rectangular section with single layer winding
(iii)  Toroidal coil of rectangular section with multilayer winding
FLAT SPIRALS ... .
@) Accurate formulae
@ii) Approximate formulae ...
MuTuAL INDUCTANCE
@) Accurate methods
(if) Approximate methods
LI1ST OF SYMBOLS
REFERENCES

(xviii)

PaGE

407
408
409
410
412

412
412
413
414
415
416
416
416
417
418
418
418

421
21 -
423
27



SECTION

CHAPTER 11.

CONTENTS

1. INTRODUCTION ...
2. SELE-CAPACITANCE OF COILS ..

®
(i)
(iii)

Effects of self-wpacxtance

Calculation of self-capacitance ‘of smgle-layer solen01ds

Measurement of self-capacitance

3. INTERMEDIATE-FREQUENCY WINDINGS

0
(ii)
(iif)
i)
™

Air-cored coils
Iron-cored coils ... . .
Expanding selectivity i-f transformers

Calculation of gear ratios for universal coils"

Miscellaneous considerations

4, Meprum Wave-Banp Corrs

@

(i)
(i)
(iv)

Air-cored coils
Iron-cored coils ...
Permeability tuning

Matching ...

5. SHORT-WAaVE COILS

@
@)

Design e
Miscellaneous features .

6. Rapro-FREQUENCY CHOKES

@
(i)

~

o)
(i)
(iii)
(iv)
$9)]

8. REFERENCES

Pie-wound chokes
Other types

TROPIC PROCFING

General conmderauons
Baking .
Impregnation

Flash dipping

Materials ...

PART 3: AUDIO FREQUENCIES
CHAPTER 12. AUDIO FREQUENCY VOLTAGE AMPLIFIERS

1. INTRODUCTION

®

Voltage amphﬁers

2. RESISTANCE-CAPACITANCE COUPLED TRIODES

Choice of operating conditions
Coupling condenser

Cathode bias

Fixed bias

Grid leak bias

Plate voltage and cu.rrent

Gain and distortion at the mld-frequency

Dynamic characteristics

Maximum voltage output and dlstortnon

Conversion factors with r.c.c. triodes

Input impedance and Miller effect

Equivalent circuit of r.c.c. triode

Voltage gain and phase shift ...

Comments on tabulated characteristics
coupled triodes .

(xix)

“of

resistance-

Pace

DESIGN OF RADIO FREQUENCY INDUCTORS

450

451
451
451
453

453
453
454
455
456
458

459
459
460
461
462

463
463
468

474
474
475
476
476
476
477
477
477

478

481
481

482
482
483
484
487
489
489
490
491
491
493
493
494
494

495



SECTION

CONTENTS

3, RESISTANCE~CAPACITANCE COUPLED PENTODES

@
(i)
(iii)
(i)
™)
(vi)
(vii)
(viii)

(ix)
(x)
(xi)
(xii)
(xiii)
(xiv)

(xv)
(xvi)
(xvii)
(xviii)

Choice of operating conditions

Coupling condenser

Screen by-pass

Cathode bias

Fixed bias

Dynamic charactenstlcs of pentodes

Gain at the mid-frequency

Dynamic characteristics of pentodes and companson w1th
triodes .

Maximum voltage output and dlstortlon

Conversion factors with r.c.c. pentodes

Equivalent circuit of r.c.c. pentode

Voltage gain and phase shift ...

Screen loadlines .

Combined screen and cathode loadlmes and the effect of toler-
ances e

Remote cut-off pentodes as r.c.c. ampliﬁers

Multigrid valves as r.c.c. amplifiers ...

Special applications -

Comments on tabulated charactenstlcs of resistance-
coupled pentodes

4. TRANSFORMER-COUPLED VOLTAGE AMPLIFIERS

@
(i)
(idf)
@iv)
)
(vi)
(vil)

Introduction

Gain at the mld-frequency
Gain at low frequencies .
Desirable valve characteristics ...
Equivalent circuits .

Gain and phase shift at all frequencxes
Transformer characteristics
Fidelity

Valve loadlines .
Maximum peak output voltage
Transformer loading

Parallel feed

Auto-transformer couphng
Applications .

Special applications

5. CHOKE-COUPLED AMPLIFIERS ...

6))
(i)

Performance
Application

6. METHODS OF EXCITING PUSH-PULL AMPLlFxms

@
(ii)
(i)
(iv)
)
(vi)
(vii)
(viii)
7. PusH-PULL

®
(i)
(iii)
(i)

W

Methods involving iron-cored inductors

Phase sphtter

Phase inverter .

Self-balancing phase mverter

Self-balancing paraphase inverter ..

Common cathode impedance self-balancing mverters

Balanced output amplifiers with hxghly accurate balance ..

Cross coupled phase inverter ... .

VOLTAGE AMPLIFIERS

Introduction

Cathode resistors

Outpui circuit ...

Push-pull u'npedancc-coupled amphﬁers—mathemauml treat-
ment . .

Phase compressor

(xx)

LGE

496
496
496
499
501

506

508
510
511
512
512
513

515
516
516
516

517
517
517
517
517
517
518
518



SECTION

8. IN-PHASE AMPLIFIERS .

)

(i)
(iii)
i)

CONTENTS

Cathode-coupled amphﬁers
Grounded-grid amplifiers

Inverted input amplifiers ..
Other forms of in-phase amplifiers

9. DrRecT-COUPLED AMPLIFIERS..

10.

[
[

12.

13.

)

(i)
(iii)
i)

)]

Elementary d-c amphﬁers

Bridge circuit ...

Cathode-coupled

Cathode follower

Phase inverter

Screen coupled ...

Gas tube coupled

Modulation systems

Compensated d.c. amplifiers ...
Bridge-balanced direct current amphﬁcrs
Cascode amplifiers . :

STABILITY, DECOUPLING AND HUM ...

Effect of common impedance in power supply

(i) Plate supply by-passitig
(iii)  Plate circuit decoupling
(iv) Screen circuit decoupling
W) Grid circuit decoupling
- (vi) Hum in voltage amplifiers
TRANSIENTS AND PULSES IN AUDIO FREQUENCY AMPLIFIERS

)]
(i)

Transient distortion
Rectangular pulses

MULTISTAGE VOLTAGE AMPLIFIERS ...

@
(i)

REFERENCES

Single-channel amplifiers
Multi-channel amplifiers

PAGE

529
529
529
529
529

529
529
530
531
531
532
532
532
532
533
533
533 _

535
535
535
535

. 537

538
538

540

541
541
541

CHAPTER 13. AUDIO FREQUENCY POWER AMPLIFIERS

1. INTRODUCTION ...

@

(i)
(i)
)

Types of a-f power amphﬁers

Class of operation

Some characteristics of power amphﬁers
Effect of power supply on power amplifiers

2. CLASS A SINGLE TRIODES

Simplified graphm;l condmons, power output and dlstoruon
General graphical case, power output and distortion

Optimum operating conditions..

Loudspeaker load

Plate circuit efficiency and power dlssxpauon
Power sensitivity . 50 o~
Choke-coupled amphﬁer .

Effect of a.c. filament supply ...
Overloading .

Regulation and by—passmg of power supply

(xxi)

544
544

545
545
547

548 -
548
550
555
558
559
559
559
560
560
560



CONTENTS

YECTION PAGE
3. Crass A MuLTI-GRID VALVES .. 560
@) Introduction ... 560

(i1) Ideal pentodes ... . 561

(iii)  Practical pentodes—operatmg cond.mons ... 561

(iv)  Graphical analysis—power output and distortion ... .. 563

W) Rectification effects e 565

(vi) Cathode bias .. ... 565

(vii)  Resistance and mductance of transformer pnmary .. 566

(viii) Loudspeaker load ... 566

(ix) Effects of plate and screen regulanon ... 568

(x) Beam power valves . ... 569

(xi)  Space charge tetrodes ... . .. 569

(xii) Partial triode (*‘ ultra-linear **) operanon of pentodes .. 570

4. PARALLEL CrLass A AMPLIFIERS . - .. 570
5. PusH-PuLL Triopes Crass A, AB, .. 571
@) Introduction .. ... 571

(i) Theory of push—pull ampllﬁmtlon e .. 573

(iiiy Power output and distortion ... .. 571

(iv)  Average plate current ... .. 579

) Matching and the effects of mlsrnatchmg ... 580

(vi)  Cathode bias . ... 582

(vil)  Parasitics ... . ... 582

6 PusH-PULL PENTODES AND BEAM Powm AMI’LIFIERS, CLASS A, AB, .. 583
) Introduction e .. 583

(ii) Power output and d1storr10n ... 583

(iii)  The effect of power supply regulanon . 584

(iv)  Matching and the effects of mismatching ... ... 584

) Average plate and screen currents ... ... 584

(vi)  Cathode bias ... ... 585

(vii)  Parasitics ... ... 585

(viii) Phase inversion in the power stage ... 585

(ix) Extended Class A ... 587

(x)  Partial triode ( ultra-linear ”) operanon ... 587

7. CLAsS B AMPLIFIERS AND DRIVERS ... © ... ... 587
@) Introduction o0 . 587

@ii) Power output and d1stortlon—1deal cond.mons—Class B, 588

(iii)  Power output and distortion—practical conditions—Class B; 588

(iv)  Grid driving conditions.. .o ... 590

W) Design procedure for Class B, ampllﬁers .. 592

(vi)  Earthed-grid cathode coupled amplifiers ... ... 592

(vii) Class B, amplifiers—quiescent push-pull . 592

8. CLass AB, AMPLIFIERS . ... 593
(i) Introduction . .. ... 593

(ii) Bias and screen stablllzed Class ABg ampllﬁer ... 593

(iii)  McIntosh amplifier .. 504

9. CATHODE-FOLLOWER POWER AMPLIFIERS ... ... 596
10. SPECIAL FEATURES ... 596
@) Grid circuit res1stance ... 596

(ii) Grid bias sources .. 597

(iiiy  Miller Effect ... ... 598

@iv) 26 volt operation . . ... 598

(v)  Hum from plate and screen supplles vee eee e 599

11. COMPLETE AMPLIFIERS . ... 599
@) Introduction .. .. .. ... ... 599

(i) Design procedure and examples ... 599

(iii)  Loudspeaker load ... 600

(xxii)



CONTENTS
CHAPTER 14. FIDELITY AND DISTORTION

1. INTRODUCTION ...
6] Fidelity
(ii) Types of dJstoruon
(iii))  Imagery for describing reproduced sou.nd

2. NOoN-LiNEAR DISTORTION AND HARMONICS...
@ Non-linearity
(ii) Harmonics.. .
(iii)  Permissible harmomc drstoruon
(iv)  Total harmonic distortion
™ Weighted distortion factor
(vi)  The search for a true criterion of non-hneanty

3. INTERMODULATION DISTORTION
@ Introduction . ..
(i) Modulation method of measurement—rm S. sum ...
(iii)y Difference frequency intermodulation method
@iv) Individual side-band method ...
W) Modulation method of measurement—pea.l( sum
(vi) Le Bel’s oscillographic method
(vii) Comparison between different methods
(viii) Synthetic bass
4, FREQUENCY DISTORTION
@ Frequency range
(ii) Tonal balance ...
(iii) Minimum audible chanze in frequency range
@v)  Sharp peaks
-5. PHASE DISTORTION

6. TRANSIENT DISTORTION
@) General survey .
(i) Testing for transient response

SECTION

7. DYNAMIC RANGE AND ITS LIMITATIONS
@ Volume range and hearing
(ii) Effect of volume level on frequency range
(iii)  Acoustical power and preferred listening levels
@iv)  Volume range in musical reproduction
™ The effect of noise .

8. ScALE DISTORTION

9. OTHER FORMS OF DISTORTION
@) Frequency-modulation dlstoruon ..
(ii) Variation of frequency response with output level
(iii)  Listener fatigue ...

10. FREQUENCY RANGE PREFERENCES ...

0] Tests by Chinn and Elsenberg

(ii) Tests by Olson ...

(iiiy  Single channel versus dual-channel tests

@{iv) Summing up . .
11. SpEEcH REPRODUCTION

@) The charactenstlcs of speech

(i) Articulation

(iii)  Masking of speech by noise

(iv)  Distortion in speech reproduction

) Frequency ranges for speech ...

(i)

PaGE

603
603

604

605
605
606
607
609
610
610

611
611
612
613
613
614
614
616
616

617
617
617
617
618

618

619
619
619

620
620
621
623

624
625

626
626
626
626

627
627
627
627
628

628
628
628
629
629
630



CONTENTS

SECTION Pacs

12. Hica FipELITY REPRODUCTION e 6
@) The target of high fidelity ... ... 630
(ii) Practicable high fidelity... . ... 630
(iii) The ear as a judge of ﬁdehty e 632

13. REFERENCES ... 632

CHAPTER 15. TONE COMPENSATION AND TONE CONTROL

1. INTRODUCTION ... e .. 635
(6)) The purpose of tone compensatlon . 635
(ii) Tone control .. 636
(iii) General considerations ... ... 636
@iv) Distortion due to tone control ... 636
(C) Calculations involving decibels per octave ... .. 637
(vi) Attenuation expressed as a time constant ... ... 638
(vii) The elements of tone control filters oon .. 639
(viii) Fundamental circuit incorporating R and C ... 639
(ix) Damping of tuned circuits ... .. 639
%) Tolerances of elements ... ... 639
2. Bass BOOSTING 5 - ... 640
@) General remarks .. 640
(ii) Circuits not involving resonance or negatlve feedback ... 640
(iii) Methods incorporating resonant circuits .. 644
@iv) Circuits involving feedback ... ... 645
) Regeneration due to negative resistance charactenstlc ... 648
3. Bass ATTENUATION ... . ... 649
@@ General remarks . ... 649
(ii) Bass attenuation by gnd couplmg condensers ... 649
(i) Bass attenuation by cathode resistor by-passing ... ... 649
(iv)  Bass attenuation by screen by-passing ... 650
(W) Bass attenuation by reactance shunting ... 650
(vi) Bass attenuation by negative feedback ... 651
(vii) Bass attenuation by Parallel-T network ... 651
(viii) Bass attenuation using Constant k filters ... ... 652
(ix)  Bass attenuation using M-derived filters ... .. 652
4. CoMBINED Bass TONE CONTROLS ... ... 653
@@ Stepped controls . ... 653
(i) Continuously variable controls ... 653
5. TREBLE BOOSTING . ... 653
@) General remarks .. .. 653
(i) Circuits not involving resonance or negatlve feedback ... 653
(iiiy Methods incorporating resonant circuits ... 654
@iv)  Circuits involving feedback ... 655
6. TREBLE ATTENUATION ... 655
) General remarks .. ... 655
(ii) Attenuation by shunt wpacxtance ... 655
(iii) Treble attenuation by filter networks .. .. 657
(iv)  Treble attenuation in negative feedback amphﬁers ... 657
7. CoMmBINED TREBLE TONE CONTROLS ... 658
8. CoMBINED Bass AND TREBLE TONE CONTROLS ... ... 658
(6)] Stepped controls—general - ... ... 658
(ii) Quality switch ... ... 659
(iii)  Universal step-type tone control not usmg mductors ... 660
(iv) Universal step-type tone control using inductors ... ... 661
W) Fixed bass and treble boosting ... 662

(xxiv)



CONTENTS

SECTION .
(vi)  Step-typé tone control using negative feedback
(vii) Continuously-variable controls—general .
(viii) Single control continuously-variable tone controls
(ix) Ganged continuously-variable tone controls
=) Dual control continuously-variable tone controls

9. FEEDBACK TO PROVIDE TONE CONTROL

10.

11.

12.

13.
14.
15.

@ Introduction ..
(ii) Amplifiers with feedback prov1dmg tonc oontrol
(iiiy  Whistle filtérs using feedback ..
AUTOMATIC FREQUENCY-COMPENSATED TONE Comox.
@) Introduction
(i) Methods mcotporatmg a tapped potennometer
(ili) Methods incorporatng step-type controls
(iv)  Method incorporating inverse volume expansion thh
multi-channel amplifier .
WHISTLE FILTERS .
@) Resonant circuit ﬁlters
(i) Narrow band rejection filter
@{ii)  Crystal filters
(iv)  Parallel-T network .
) Filters incorporating L and C
OTHER METHODS OF TONE CONTROL
@) Multiple-channel amphﬁers
(ii) Synthetic bass
THE LISTENER AND TONE CONTROL
EQUALIZER NETWORKS
REFERENCES

CHAPTER 16. VOLUME EXPANSION, COMPRESSION

1.

2.

3.

LIMITING

GENERAL PRINCIPLES ...
6)) Introduction
(ii) An ideal system ..
(iii)  Practical problems in volume expansxon
(iv)  Distortion . b0 .
W) General comments

VOLUME COMPRESSION
) Introduction
(ii) Peak limiters
@iii) Volume limiters
@{iv)  Distortion caused by pw.k hnuters or volume hnuters
) Volume oompressxon
(vi)  Volume compression plus hmmng
(vii) Compression of commercial speech
GAIN CoNTROL DEVICES
@) Remote cut-off pentodes
(i) Pentagrids and triode-hexodes
(iii)  Plate resistance control ...
(iv)  Negative feedback
(2] Lamps ... .
(vi)  Suppressor-grid cont.rol

(xxv)

Pace
662
662
662

669
669
669
672
672
672
672
673

673
673
673
675
675
675
676
676
676
676
677
677
677

AND



SECTION
4. VOLUME EXPANSION

[=))

@
(i)
(iii)
(iv)
)
(vi)
(vii)

(viii)

€y
(i)
(iii)
(@iv)

. REFERENCES

CHAPTER 17. REPRODUCTION FROM RECORDS

. INTRODUCTION TO DisC RECORDING .

@@
(ii)
(iii)
@iv)
W
(vi)
(vii)

)
(i)
(iii)
(iv)
4]
(vi)

. PICKUPS ...

®
(ii)
(iii)
(iv)
)
(vi)
(vii)
(viii)

(ix)

. "TRACKING

®
(ii)
(iii)

6))
(i)
(iii)
(@iv)
47)

CONTENTS

Introduction o
Expanders mcorporatmg lamps
Expanders utilizing feedback .

Expanders incorporating remote cut-off pentodes
Expanders incorporating remote cut-off triodes

Expanders incorporating suppressor-grid controlled pentodes
Expanders incorporating valves with five grids
Expanders incorporating plate resistance control

. PuBLIC ADDRESS A.V.C.
. SpeecH CLIPPERS

. Norse PEAK AND OUTPUT LIMITERS

Introduction

Instantaneous noise peak lm‘uters
Output limiters ...

General remarks

Methods used in sound recordmg
Principles of lateral recording ..
Frequency range

Surface noise and dynamlc range
Processing...

Turntables and dnvxng mechamsm
Automatic record changers

. DIscs AND STYLI

General 1nformatlon on dlscs .
Dimensions of records and grooves ...
Styli

Pinch effect

Radius compensation

Record and stylus wear

General survey

Electro-magnetic (movmg 1ron) plckups
Dynamic (moving coil) pickups
Piezo-electric (crystal) pickups...
Magnetostriction pickups
Strain-sensitive pickups

Ribbon pickups ...

Capacitance pickups

Eddy-current pickups

General survey of the problem
How to design for minimum distortion
The influence of stylus friction

. RECORDING CHARACTERISTICS, EQUALIZERS AND AMPLIFIERS

Recording characteristics .
Pre-amplifiers for use with pickups ...
Introduction to equalizers

High-frequency attenuation (scratch ﬁlter)

Equalizers for electro-magnetic pickups

(xxvi)

Pace

686
687

688
689
689
691
692

693
693

694
694
694
698
699

699

701
701
702
704

705
705
705

706
706
706

711
711
712

714
714
717
719
720
721
721
722
722
723

723
723
725
726

727
727
732
732
737
738



SECTION

10.

CONTENTS

Equalizers for crystal plckups

Equalizers applying negative feedback to the plckup
Miscellaneous details regarding equahzmg a.mphﬁers
Complete amplifiers

Pickups for connection to radlo receivers

Frequency test records

DiSTORTION AND UNDESIRABLE EFFECTS

)]
(i)
(iii)
i)
87]

Tracing distortion and pinch effect
Playback loss

Wow, and the effects of record warpmg
Distortion due to stylus wear

Noise modulation

Pickup distortion

Acoustical radiation

Distortion in recording

Noise REDUCTION

@
(i)
(i)
@)
®
)

(vid)

Analysis of noise .

High-frequency attenuation

ngh-ﬁ'equency pre-emphasm and- de-emphasm
Volume expansmn

Olson noise suppressor

Scott dynamic noise suppressor

Price balanced clipper noise suppressor

LAacQUER Disc HOME RECORDING (DIRECT PLAYBACK)

€)
(i)

A==/

General description

Recording characteristic

Cutting stylus ...

Cutter head

Equalization of cutter

Motor and turntable ..

Amplifier - .

Pickups for use on lacquer d1scs
Recording with embossed groove

REPRODUCTION FROM TRANSCRIPTION Discs

@

(i)
(iid)
i)
®

Introduction

Characteristics of record matenal wear and noxse

Sound track
Recording charactensncs and equahzanon
Translation loss and radius compensation

REFERENCES TO LATERAL DISC RECORDING ...

CHAPTER 18. A MICROPHONES, PRE-AMPLIFIERS,

ATTENUATORS AND MIXERS

. MICROPHONES ...

General survey

Carbon microphones

Condenser microphones .
Crystal and ceramic microphones
Moving coil (dynamic) microphones
Pressure ribbon microphones
Velocity ribbon microphones
Throat microphones

Lapel microphones

Lip microphones

(xxvii)

Pace

741

763

765
766
766
766

767
767
767
767
768
768

769
769
769
770

770 .

7170
771

715
775
777
718
718
719
779
779
780
780
780



CONTENTS

SECTION
(xi) The directional characteristics of microphones
(xii) The equalization of microphones
(xiii) Microphone transformers
(xiv) Standards for microphones

2. PRE-AMPLIFIERS
@) Introduction
(i) Noise
(iii) Hum .
(iv) Mlcrophony
) Valves for use in pre-amphﬁers
(vi) Microphone pre-amplifiers
(vil) Pickup pre-amplifiers .
(viii) Gain-controlled pre-amphﬁers
(ix) Standard pre-amplifiers for broadcastmg .
(%) Standard pre-amplifiers for sound equipment

3. ATTENUATORS AND MIXERS

6)] Potentiometer type attenuators (volume com:ro]s)

(i) Single section attenuators—constant impedance .

(iii) Single section attenuators—constant impedance in one dJrecuon
only

(iv)  Multple section attenuators

W) Electronic attenuators

(vi)  Mixers and faders—general . .
(vii) Non-constant 1mpedance mixers and faders
(viii) Constant impedance mixers and faders

Pace
780
781
781
781
782
782
782
784
786
786
788
793
793
793
793

794
794
795

795
796
797
798
798
801

804

CHAPTER 19. UNITS FOR THE MEASUREMENT OF GAIN

AND NOISE

1. BELS AND DECIBELS 5
) Power relauonshlps expressed in bels and dec1bels
(i) Voltage and current relationships expressed in decibels
(iii)  Absolute power and voltage expressed in decibels
@{iv)  Microphone output expressed in decibels
) Pickup output expressed in decibels
(vi)  Amplifier gain expressed in decibels .
(vii) Combined microphone and amplifier gain expressed in dec1bles
(viii) Loudspeaker output expressed in decibels .
(ix) Sound system rating ...
x) Tables and charts of decibel relatlonshlps -
(xi) Nomogram for adding decibel-expressed qua.ntmes
(xii) Decibels, slide rules and mental arithmetic

2. VOLUME INDICATORS AND VOLUME UNITS ...
@) Volume indicators
(i) Volume units

3. INDICATING INSTRUMENTS
@) Decibel meters
(if) Power output meters
(i) Volume indicators .
(iv)  Acoustical instruments ...

4, NEPERS AND TRANSMISSION UNITS ...
@) Nepers
(i) Transmission u.ruts

(xxviii)

806
806
807
807
808
810
810
811
812
812
813
821
822

823
823
824

825
825
825
825
825

825

825
826



CONTENTS

SECTION
1) Introduction to loudness
(ii) The phon .

(iii)

Loudness units

6, THE MEASUREMENT OF SOUND LEVEL AND Noxss

@@ Introduction -
(i) The sound level meter .
(iii) The measurement of noise in amphﬁers
(iv)  The measurement of radio noise
7. REFERENCES

CHAPTER 20. LOUDSPEAKERS

1. INTRODUCTION ...
) Types of loudsp&kers
(ii) Direct radiator loudspeakers
(iii) Horn loudspeakers
(iv)  Headphones .
$) Loudspeaker charactensncs
(vi)  Amplitude of cone movement
(vil) Good qualities of loudspeakers
(viii) Loudspeaker grilles
2. CHARACTERISTICS OF MoviNGg-CoiL CONE Lcunsrnaxnas
@) Rigid (piston) cone in an infinite flat baffle
(id) Practical cones..
(i)  Special ccnermcﬂone For WIdP ﬁ'equcncv range
@iv) Impedance and .phase angle
) Frequency response
(vi)  Efficiency
(vii) Directional cha.ractensncs
(viii) Field magnet ... .
(ix) Hum bucking coil
) Damping ..

3 BAFFLES AND ENCLosmzm FOR DIRECT—RADIATOR Lom)srmms

@ Flat baffles ie
(ii) Open back cabinets .
(iii) Enclosed cabinet loudspeakers
(iv)  Acoustical phase inverter (“ vented bafﬂe ”)
W) Acoustical labyrinth loudspakers .
(viy The R-T loudsp&ker
(vii) Design of exterior of cabinet
4, HorRN LOUDSPEAKERS
6] Introduction
(ii) Conical horns
(iii) Exponential horns .
(iv)  Hyperbolic exponential horns
¢ Horn loudspeakers—general
(vi)  Folded hom loudspeakers
(vii) High-frequency horns

(viii) Combination horn and ph:l;e mverter loudspwkem for personal

radio receivers e
(ix)  Material for making horns

5. DUAL AND TRIPLE SYSTEM LOUDSPEAKERS ...
@ Introduction
(ii) Choice of the cross-over frequency

(xxix)

Pace
826
826
826
827

827
827
828
829
829

830

831
831
831
832
832
833
834
834
835

835
835
835
836
837
838
839
839

840

842

843
845
850
850
850

851
851
851
851
853
854
856
858

859
859
860
860
860



CONTENTS .

SECTION
(iii)  The overlap region
@iv) Compromise arrangements

6. LOUDSPEAKERS IN OPERATION
) Loudness
(ii) Power required
@iii))  Acoustics of rooms
(iv)  Loudspeaker placement
2} Stereophonic reproduction
(vi) Sound reinforcing systems
(vii) Open air Public Address
(viii) Inter-communicating systems
(ix) Background music in factories

7. DISTORTION IN LOUDSPEAKERS
@ Non-linearity
(i) Frequency-modulation dlstoruon in loudsp&kers
(iii)  Transient distortion
@iv) Sub-harmonics and sub-frequencxes
v Intermodulation distortion

8. SUMMARY OF ACOUSTICAL DATA
) Definitions in acoustics .
(i) Electrical, mechanical and acousucal equlvalents
(i)  Velocity and wavelength of sound
(iv) Musical scales

9. STANDARDS FOR LOUDSPEAKERS
@) Voice coil impedance for radlo receivers .
(i) Loudspeaker standard ratings for sound eqmpment

10. REFERENCES TO LOUDSPEAKERS

Pace
861
861

861
861
861
864
865
865
866
867
867
867

868
868
869
869
871
871

871
871
872
872
873

874
874
874

876

CHAPTER 21. THE NETWORK BETWEEN THE POWER VALVE

AND THE LOUDSPEAKER
1. LOUDSPEAKER “ MATCHING * :
@ Loudspeaker charactensucs and m.atchmg
(i) Optimum plate resistance :
@iii))  Procedure for * matchmg » loudspeakers to vanous types of
amplifiers . .
2. MULTIPLE AND EXTENSION LOUDSPEAKERS
6)] Multiple loudspeakers—general
(i1) Sound systems - .
(ili)  Extension loudspeakers
(iv)  Operation of loudspeakers at long dlstances from amphﬁer
3. LouDSPEAKER DIVIDER NETWORKS

4. REFERENCES

PART 4: RADIO FREQUENCIES
CHAPTER 22. AERIALS AND TRANSMISSION LINES

1. INTRODUCTION ...

2. THE TRANSMISSION LINE
@) Introduction
(ii) The correct termmauon for a transmlssxon hne
(iii) Impedance-transforming action of a transmission line

(xxx)

880
880
880

881
882
882
883
883
886
887

889

890

890
890
890
891



CONTENTS
SEcCTION
3. AERIALS AND POWER TRANSFER
@) Introduction
(ii) Power transfer
4. CHARACTERISTICS OF AERIALS
@ Effective area of a recelvmg aenal
(ii) The power gain of an aerial
(iii) The beam-width of an aerial .
5. EFFECTS OF THE EARTH ON THE PERFORMANCE ox= AN AERIAL
@) Introduction ..
(i) A perfectly-conducting eart.h
(iii) An imperfectly conducting earth .
@iv) The attenuation of radio waves in the presence of an xmper—
fectly-reflecting earth .
6. THE EFFECT OF THE IONOSPHERE ON THE RECEPTION ox= RADIO SIGNAI.S .
7. THe IMPEDANCE OF AN AERIAL
@) Introduction
(ii) Resistive component of 1mpedance
(iii) Reactive component of impedance
(iv)  Characteristic impedance of aerial
™) Examples of calculations
(vi)  Dipoles
(vii) Loop aerials
8. DuMmy AERIALS
9. TypEs OF AERIAL USED FOR BROADCAS PTION
6] Introduction
(ii) Medmm—frequency recclvmg aenals
(iii)  Short-wave receiving aerials :
(iv)  V-H-F aerials
10. REFERENCES

CHAPTER 23. RADIO FREQUENCY AMPLIFIERS

1. INTRODUCTION ...
@ Aerial couplmg
@ii))° Tuning methods
(iii) R-F amplifiers
(iv)  Design considerations

2. AERIAL STAGES .. .
@ - Dxﬁcu.ltles mvolved .
(ii) Generalized coupling networks
(iii) Mutual inductance coupling
(iv)  Tapped inductance
W) Capacitance coupling
(vi)  General summary

3. R-F AMPLIFIERS .
@) Reasons for usmg r-f stage
(ii) Mutual-inductance-coupled stage
(iii)  Parallel tuned circuit
(iv)  Choke-capacitance coupling ...
) Untuned and pre-tuned stages
(vi. Grounded grid stages ...

4. IMAGE REJECTION
@) Meaning of i 1mage re]ecuon
(ii) Image rejection due to aerial stage
(iii)  Other considerations

(xxxi)

912
912
913
913
914
915
915
915
916
920
921
921
922
922
922
923
924
924
925

925
925

926

926



CONTENTS

SECTION
5. EFFECTS OF VALVE INPUT ADMITTANCE
@) Important general considerations
(i) Input loading of receiving valves at radio frequenmes
(A) Input conductance
(B) Cold input conductance
(C) Hot input conductance
(D) Change in input capacitance
(E) Reduction of detuning effect
6. VALVE AND CIRCUIT NOISE 5
@) Thermal agmmon noise
(ii) Shot noise . .
(iii)  Induced gnd noise
(iv)  Total noise calculations
) Sample circuit calculations
(vi)  Conclusions .o
7. INSTABILITY IN R-F AMPLIFIERS
i) Causes of instability ...
(ii) Inter-electrode capacitance couplmg
(iii) Summary ..
8. DISTORTION .
6] Modulation envelope distortion
(i) Cross modulation distortion
9. BIBLIOGRAPHY ...

CHAPTER 24. OSCILLATORS

. INTRODUCTION ... .
2. TyPES OF OSCILLATOR Cmcurrs
@ Tuned plate oscillator
(i) Tuned grid oscillator
(iii) Hartley oscillator
(iv)  Colpitts oscillator .
™ Electron-coupled oscillator -
(vi) Negative transconductance oscillators
3. Crass A, B aND C OsCILLATORS
4. CAUSEs OF OSCILLATOR FREQUENCY VARIATION
@ General ..
(i) Changes due to supply voltage
(iii) Temperature and humidity changes
(iv) Oscillator harmonics
METHODS OF FREQUENCY STABILIZATION
UNSTABLE OSCILLATION
PARASITIC OSCILLATION
METHODS USED IN PRACTICAL DESIGN
. BeAT FREQUENCY OSCILLATORS
BIBLIOGRAPHY ... e

[

Somuawn

[

PAGE
927
927

929

947
949
949
950
951
952
953
953
954
955
955
955
955
956
957
958
959
959
960
961

CHAPTER 25. FREQUENCY CONVERSION AND TRACKING

1. THE OPERATION OF FREQUENCY CONVERTERS AND MIXERS
@ Introduction .
(i) General analysis of operauon common to all types
(iii) The oscillator section of converter tubes

(iv)  The detailed operation of the modulator or rmxer sectlon of the

converter stage

(xxxii)

962
962
964
968

968



CONTENTS

SECTION
) Conclusion
(vi) Appendix ...
2. CONVERTER APPLICATIONS
@) Broadcast frequencies
(ii) Short waves
(iii) Types of converters
3. SUPERHETERODYNE TRACKING...

@) General ...
(ii) A) Formulae and charts for superheterodyne oscﬂlator
design .
B) Worked examples
(i) (A) Padded signal circuits

(B) Worked example
4. REFERENCES

CHAPTER 26. INTERMEDIATE FREQUENCY AMPLIFIERS

1. CHoiCE oF FREQUENCY .
(6)) Reasons for selecuon of dlﬁ'erent frequenc:es
(ii) Commonly accepted intermediate frequencies
2. NUMBER OF STAGES

3. ComMMONLY USED CIRCUITS
@) Mutual inductance couphng
(1) Shunt capacitance coupling
: (iii) Composite i-f transformers ...
4. DESIGN METHODS
@) General ... .
(ii) Crmcally—coupled transformers .
(A) Design equations and table
(B) Example
(C) Design extension
(D) Conclusions
(E) k measurement
(iii)  Over-coupled transformers™ ...
(A) Design equations and table
(B) Example
(C) k measurement (when k is h:gh)
(iv) Under-coupled transformers and single tuned circuits
(A) Single tuned circuit equations
(B) Example
(C) Under-coupled transformer equatlons
(D) Example
™) F-M if transformers
(vi) I-F transformer construction ...
(vil) Appendix: Calculation of coupling co-eﬁiments
5. VARIABLE SELECTIVITY... .
@) General comlderauons
(i) Automatic variable selectivity ...
6. VARIABLE BANDWIDTH CRYSTAL FILTERS
@) Behaviour of equivalent circuit
(ii) Variable bandwidth crystal filters
@ili) Design of variable bandwidth i-f crystal ﬁlter c1rcmts
(A) Simplifying assumptions
(B) Gain ...
(C) Gain variation thh bandw1dth change
(D) Selectivity

(i)

PaGE
984
985

987
987
990
996
1002
1002

1005
1011
1013
1015

1017

1020
1020
1021
1021
1022
1023
1023
1024

1025
1025
1026
1026
1028
1029
1030
1030
1031
1031

... 1033

1033
1034
1034
1035
1035
1036
1037
1041
1043
1048
1048
1049
1050
1050
1052
1053
1053
1053 -
1054
1055



CONTENTS
SECTION .

{E) Crystal constants

(F). Position of filter in c;.tcult
(G) Other types of crystal filters

(iv)  Design example ...
7. DerunING DUE TO A.V.C.
@) Causes of detuning .
(ii) Reduction of detuning eﬁ'ects
8. STABILITY
). Design data .
(ii) Neutralizing circuits
9. DISTORTION ...
@) Amplitude modulation i-f stages
(id) Frequency modulation i-f stages
10. REFERENCES

PaGE
1056
1057
1057
1057
1061
1061
1062
1065
1065
1065
1067
1067
1068

1069

CHAPTER 27. DETECTION AND AUTOMATIC VOLUME

CONTROL

1. A-M DETECTORS
@ Diodes
(A) General
(B) Diode curves ...
(C) Quantitative design data
(D) Miscellaneous data
(i) Other forms of detectors
5 », {(A) Grid detection
(B) Power grid detection
5 (C) Plate detection
' (D) Reflex detection
(E) Regenerative detectors

(F) Superregenerative detectors ...

2. F-M DETECTORS .
@) Types of detectors in general use
(ii) General principles
(iii)  Phase discriminators
(A) General
(B) Design data .
(C) Design example
(iv)  Ratio detectors
(A) General
(B) Operation .
(C) Types of circuit
(D) Design considerations
(E) Practical circuits

(F) Measurement on ratio detectors

3. AutoMATIC VOLUME CONTROL
(6)] Introduction
(ii) Simple a.v.c.
(iif) Delayed a.v.c. .
(iv) - Methods of feed
W) Typical circuits
(vi) A.V.C. application
(vil) Amplified a.v.c. ...
(viil) Audio a.v.c.
(ix)  Modulation rise ...

(xxxiv)

1072
1072
1072
1075
1075
1081
1082
1082
1084
1084
1085
1086
1087
1088
1088
1088
1088
1088
1090
1091
1095
1095
1097
1098
1099
1101
1102

1105
1105
1105
1106
1109
1111
1111
1112
1113
1114



CONTENTS

SECTION PAGE
(6:9) AV.C. with battery valves ... .. 1114

(xi)  Special case with simple a.v.c. ... 1115

(xii) The a.v.c. filter and its time constants ... 1115

(xiii) A.V.C., characteristics ... ..o 1117

(xiv) An improved form of a.v.c. charactenstlc ... 1118

(xv) Design methods ... 1120

4. Muting (Q.AV.C) ... . ... 1125
@) General operanon ... 1125

(i) Typical circuits ... ... 1125

(iii)  Circuits used with F—M recelvers ... 1128

5. NoOISE LIMITING ... 1130
6. TUNING INDICATORS ... ... 1132
@ Miscellaneous ... . ... 1132

(ii) Electron Ray tuning mdlmtors - ... 1133

(iii) Null point indicator usmg Electron Ray tube ... 1134

(iv) Indicators for F-M receivers ... ... 1135

7. CrySTAL DETECTORS ... ... 1136
@) Old type crystal detectors ... 1136

(ii) Fixed germanium crystal detectors ... ... 1136

(iii)  Fixed silicon crystal detectors .. .. 1137

(iv)  Theory of crystal rectification .. ... 1138

) Transistors ... 1138

8. REFERENCES ... 1138

CHAPTER 28. REFLEX AMPLIFIERS

1. GENERAL DESCRIPTION ... 1140
6] Description .. . ... 1140

(ii) Advantages and d1sadvam:ages of reﬂex receivers ... ... 1140

2. SOME CHARACTERISTICS OF REFLEX SUPERHET. RECEIVERS .. 1142
@) Playthrough (residual voiume effect) ... 1142

(ii) Over-loading - ... 1142

(iii)  Automatic volume control . 1142

(iv)  Reduction in percentage modulation ... ... 1143

™ Negative feedback . ... 1143

(vi)  Operating conditions of reflex stage ... 1143

3. DEsIGN oF PLATE REFLEX SUPERHET. RECEIVERS ... ... 1143
(6)] General considerations ... .. 1143

(i) Full a.v.c. applied to both stages ... 1143

(iii)  Fractional a.v.c. applied to both stages ... 1143

@iv) Full a.v.c. on converter, fractional a.v.c. on reflex stage ... 1144

4, DESIGN OF SCREEN REFLEX SUPERHET. RECEIVERS ... 1145
@@ Screen reflex receivers ... ... 1145

(ii) Comparison between plate and screen reﬂexmg ... 1146

5. DEsiGN oF T.R.F. REFLEX RECEIVERS . ... 1146
6. REFERENCES TO REFLEX AMPLIFIERS AND R.EFLEX RECEIVERS ... 1146

CHAPTER 29. LIMITERS AND AUTOMATIC FREQUENCY
CONTROL

1. LIMITERS vee eeeees ... 1147
(6)] General .. 1147

(ii) Typical circuits for F-M receivers ... ... 1149

2. AuToMATIC FREQUENCY CONTROL ... ... 1150
@@ General principles ... 1150

(ii) Discriminators for a.f.c. . 1152

(iii)  Electronic reactances ... ... 1156

3. REFERENCES ... e eeeens ... 1160

(xxxv)



SECTICN

PART 5:

1.

CONTENTS

HUM
CHAPTER 30. RECTIFICATION

INTRODUCTION TO RECTIFICATION

(@)

@
(i)
)

Principles of rectification

Rectifier valves and types of service .

The use of published curves ... .
Selenium and copper oxide recttﬁers ......

RECTIFICATION WITH CONDENSER INPUT FILTER ...

5
()
(i)
(iv)
)
(vi)
(vii)
(viii)

(ix)

Symbols and definitions

Rectification with condenser input ﬁlter

To determine peak and average diode currents
To determine ripple percentage

To determine the transformer secondary r.m.s. current

Procedure when complete published data are not available
Approximations when the capacitance is large .
Peak hot-switching transient plate current ...

The effect of ripple .

REcCTIFICATION WITH CHOKE INPUT FILTER

®
(ii)

Rectification with choke input filter
Initial transient current

4. ‘TRANSFORMER HEATING
VOLTAGE MULTIPLYING RECTIFIERS

oW

@

@)
(il
(iv)

General ... .
Voltage doublers

Voltage triplers ...
Voltage quadruplers

SHUNT DioDE Bias SUPPLIES

CHAPTER 31. FILTERING AND HUM

INDUCTANCE-CAPACITANCE FILTERS ...
RESISTANCE-CAPACITANCE FILTERS
PARALLEL-T FILTER NETWORKS
Hum—GENERAL

@
(ii)
(iif)

Hum due‘to condmons Wlthm the valves
Hum due to circuit design and layout
Hum levels in receivers and amplifiers

5. Hum NEUTRALIZING
6. REFERENCES

CHAPTER 32. VIBRATOR POWER SUPPLIES

@

(i)
(iii)
iv)
®)
(vi)

. VIBRATORS—GENERAL PRINCIPLES

Operation

Vibrator types .

Choice of vibrator

Coil energizing ...

Waveform and time eiﬁaency
Standards for wibrators for auto-radlo

(xxxvi)

PaGe

RECTIFICATION, REGULATION, FILTERING AND

1161
1161
1164
1165
1169

1170
1170
1170
1174
1177
1177
1177
1180
1180
1181

1182
1182
1185

1185

1186
1186
1186
1187
1187

1188

1192
1194
1194

1196
1196
1198
1199

1200
1201

1202
1202
1202
1203
1204
1205
1205



CONTENTS

SECTION
2. VIBRATOR TRANSFORMER DESIGN
@) General considerations ...
(i) Transformer calculations
(iti)  Standards for vibrator power transformers
3. TiMING CAPACITANCE .
6)] The use of the tu'mng capacn:ance
(i) Calculation of timing capamtance value
(iii)  Percentage closure ..
(iv)  Effect of flux density on ummg mpacnance value
4. ELIMINATION OF VIBRATOR INTERFERENCE ...

5. 12, 24 AND 32 VOLT VIBRATOR SUPPLIES ...

PAGE
1205
1205
1206
1207
1207
1207
1207
1208
1208
1210

1211

CHAPTER 33. CURRENT AND VOLTAGE REGULATORS

1. CurreNT REGULATORS

@ Barretters .. -

(ii) Negative temperature coeﬁiaent ICSISIOIS (Thermlstors)
2. VOLTAGE REGULATORS

@ Gaseous tube voltage regulators

(i) Valve voltage regulators
3. REFERENCES

PART 6: COMPLETE RECEIVERS

CHAPTER 34. TYPES OF A-M RECEIVERS

1. INTRODUCTION AND SIMPLE RECEIVERS
(i) Types of receivers
(ii) Crystal sets
(iii)  Regenerative receivers
(iv)  Superheterodyne receivers
) Tuned radio-frequency receivers
2. THE SUPERHETERODYNE
THE SYNCHRODYNE
4, REFERENCES

)

CHAPTER 35. DESIGN OF SUPERHETERODYNE A-M

RECEIVERS

INTRODUCTION ...
. SPECIFICATIONS AND REQUIREMENTS
GENERAL DESIGN . .
6)) A.V.C. and noise
(ii) AudJo—frequency response
(iii) Hum
(iv)  Microphony
W) Instability
(vi)  The local oscillator
(vii) Cabinet design
(viii) Ratings
(ix)  Field testing
4. FREQUENCY RANGES .
@) Medium frequency receivers
(ii) Dual wave receivers
(iif) Multiband receivers
(iv)  Bandspread receivers

St

(xxxvii)

1213
1213
1214

1214
1214
1215

1222

1223
1223
1223
1223
1224
1224
1225

1226
1227

1228
1229
1229
1229
1234
1239
1241
1243
1244
1248
1249
1250
1250
1250
1251
1252
1253



CONTENTS

SECTION . PAcE
5. A.C. OPERATED RECEIVERS .., ... 1256
@ Four valve receivers ... ... 1256

(id) Five valve receivers ... ... 1259

(iii)  Larger receivers . ... 1260

(iv)  Communication receivers ... 1260

6. A.C./D.C. RECEIVERS . . ... 1264
() Senes-remstor operanon ... 1264

(ii) Barretter operation ... 1266

(iii)  Dial lamps .. ... 1266

(iv)  Miscellaneous features ... 1267

7. BATTERY OPERATED RECEIVERS ... 1268
@ General features . . ... 1268

(ii) Vlbrator-operated receivers ... ... 1270

(i)  Characteristics of dry batteries ..o 1272

8. Car Rabro ... .. 1275
@ Interference suppression ... 1275

(ii) Circuit considerations ... ... 1276

(iii)  Valve operating conditions ... - ... w1217

9. MISCELLANEOUS FEATURES ... ... 1278
o Spurious responses ... 1278

(i) Reduction of interference .. 1279

(iii)  Contact potennal blasmg ... 1280

(iv)  Fuses .. ... 1281

2} Tropic prooﬁng ... 1282

(vi)  Parasitic oscﬂ]anons ... 1283

(vii) Printed circuits ... ... ... 1283

(viii) Other miscellaneous features ... ... 1285

10. REFERENCES ... 1285

CHAPTER 36. DESIGN OF F—M RECEIVERS

1. F-M RECEIVERS 5 ... 1287
¢)] Companson wxr.h A—M ... 1287
(ii) Aerial and r-f design ... ... 1287
(iif)  Local oscillator design ... ... 1289
(iv)  I-F amplifier ... ... 1290
) F-M detection and A—M re)ectlon o 1292
2. F-M/A-M RECEIVERS .. ... 1294
@) R-F section ... 1294
(ii) I-F amplifier ... 1294
(iii)  General considerations ... .l .. 1295
3. REFERENCES ... 1296

CHAPTER 37. RECEIVER AND AMPLIFIER TESTS AND
MEASUREMENTS

1. A-M RECEIVERS .. 1297
@) Introduction .. 1297
(ii) Definitions e 1297
(iii) Equipment required ... ... 1298
(iv)  Measurements and operating condmons ... 1300
) Measurements ... .. 1301
(vi)  Tests ... 1302
2. F-M RECEIVERS 5 ... 1314
@) Deﬁmtlons ... 1314
(ii) Testing apparatus ... 1315

(xxxviii)



CONTENTS

SECTION PAGE
(iii)  Test procedures and operating conditions ... ... 1315
@iv)  Receiver adjustments ... ... 1316
(v)  Performance tests L L 1817
3. Aupio FREQUENCY AMPLIFIERS ... 1321
@) Equipment and measurements ..o 1321
(ii) Tests ... 1321
4. MEASUREMENTS ON COILS ... ... 1325
6] Measurement of coeﬁicrent of couplmg . 1325
(ii) Measurement of primary resonant frequencres of aenal and r-f
coils . ... 1325
(iif) Measurement of dlstnbuted capacrtance across corls ... 1325

5. REFERENCES ... 1327

PART 7: SUNDRY DATA
CHAPTER 38. TABLES, CHARTS AND SUNDRY DATA

1. Units ... ... 1329
@) General physical units ... ... 1329
(i) Electrical and magnetic units ... ... 1331
(iii)  Photometric units e e ... 1334
(iv)  Temperature ... 1334
2. Corour CODEs . . ... 1335
@) Colour code for ﬁxed composmon resrstors ... 1335
(i) Colour code for fixed wire wound resistors . . ... 1336
(iii) Table of R.M.A. colour code markings for resrstors ... 1337
(iv)  Colour code for moulded mica capacitors ... ... 1340
W) Colour code for ceramic dielectric capacitors .o 1341
(vi)  Colour code for i-f transformers . 1342
(vii) Colour code for a-f transformers and output transformers 1342
(viii) Colour code for power transformers . ... 1342
(ix) Colour code for loudspeakers .. 1343
[69] Colour code for chassis wiring ... 1343
(xi)  Colour code for battery cables . .. 1344
(xii) Colour code for metallized paper capacrtors ... 1344
3. STANDARD RESISTORS AND CAPACITORS - .. 1344
@) Standard fixed composition resrstors ... 1344
(ii) Standard fixed wire wound resistors . 1346

(iii)  Fixed paper dielectric capacitors in tubular non-metalhc cases 1347
(iv)  Metal encased fixed paper dielectric capacrtors for d.c. apph-

cation 5 . 1349

(v)-  Standard fixed mica dlelectrlc capacrtors ... 1351

(vi)  Standard ceramic dielectric capacitors ... 1352

(vii)  Standard variable capacitors.. ... 1354

(viii) Standard variable composmon res1stors ... 1356

(ix) Standard metallized paper dielectric capacitors ... 1357

®) Standard electrolytic capacitors - ... 1357

(xi)  References to standard resistors and capacrtors ... 1358

4. STANDARD FREQUENCIES . ... 1361
@) Standard frequency ranges ... 1361

(ii) Frequency bands for broadcasting ... ... 1361

(iii) Standard intermediate frequencies ... 1361

5. WAVELENGTHS AND FREQUENCIES ... ... 1362
@) Wavelength-frequency conversion tables ... 1362

(ii) Wavelengths of electromagnetic radiations ... ... 1363

6. STANDARD SYMBOLS AND ABBREVIATIONS ... ... 1363
@) Introduction ... 1363

(ii) Multipliers ... 1363

(xxxix)



CONTENTS

SECTION
(iii) Some units and multipliers
@iv) Magnitude letter symbols
W) Subscripts for magnitude letter symbols
(vi)  Magnitude letter symbols with subscrlpts
(vii)) Mathematical signs .
(viii) Abbreviations
(ix)  Abbreviations of titles of penodlcals
x) References to periodicals
(xi) References to standard symbols and abbrevnatlons
7. STANDARD GRAPHICAL SYMBOLS

10.

11.
12.
13.

14.
15.
16.
17.
18.

19.
20.
21.

22,

PROPERTIES OF MATERIALS AND CHEMICAL AND PHYSICAL CONSTANTS
(6)] Properties of insulating materials ..
(ii) Properties of conducting materials
(iii) Composition of some common plastics
@iv) Weights of common materials..
W) Resistance of a conductor at any temperature
(vi)  References to properties of materials..
(vii) Chemical and physical constants

. REACTANCE, IMPEDANCE AND RESONANCE

@) Inductive reactances
(ii) Capacitive reactances
(i) Impedance of reactance and res1stance in parallel
@iv) Impedance of reactance and resistance in series
) Resonance..
(vi) Approx:matlons in the calculanon of 1mpedance for reactance
and resistance in series and parallel
(vii) Reactance chart .
ScrRew THREADS, TWIST DRILLS AND Smm'r GAUGBS
@) Standard American screws used in radio manufacture
(i) B.A. screw threads
(iii) Whitworth screw threads
(iv)  Unified screw threads .
W) Drill sizes for self-tappmg SCTews
(vi) Wood screws -
(vi)) Twist drill sizes ...
(viii) Sheet steel gauges

TEMPERATURE RISE AND RATINGS

Fuses .
CHARACTERISTICS OF LIGHT PANEL LAMPS
@) Visibility curves of the human eye and relatlve spectral energy

curves of sunlight and tungsten lamp
(1) Velocity of light ...
(i)  American panel lamp charactensncs

GREEK ALPHABET

DEFINITIONS ... . .
DecimaL EQUIVALENTS OF FRACTIONS
MULTIPLES AND SUB-MULTIPLES

@) Numerical values...
i) Factorials ...
WIRE TABLES
LOGARITHM TABLES
TRIGONOMETRICAL TABLES
Hyperbolic sines, cosines and tangents
LoG ScaALes AND LoG SCALE INTERPOLATOR

(x1)

PaGe
1363
1364
1364
1365
1366
1366
1367
1369
1369

1370

1372
1372
1374
1375
1375
1376
1376
1376
1377
1377
1378

1382
1386

1386
1387
1388
1388
1389
1389
1390
1391
1391
1392
1393
1394
1395

1396

1396
1396
1397

1397
1398
1404
1405
1406
1407
1408
1418
1420
1421
1422



CHAPTER 1.

INTRODUCTION TO THE RADIO VALVE
by F. LANGFORD-SMITH, B.Sc., B.E.
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SECTION 1 : ELECTRICITY AND EMISSION

The proper understanding of the radio valve in its various applications requires
some knowledge of the characteristics of the electron and its companion bodies which
make up the complete structure of atoms and molecules.

All matter is composed of molecules which are the smallest particles preserving
the individual characteristics of the substance. For example, water is made up of
molecules that are bound together by the forces operating between them. Molecules
are composed of atoms that are themselves made up of still smaller particles. Ac-
cording to the usual simplified theory, which is sufficient for this purpose, atoms
may be pictured as having a central nucleus around which rotate one or more electrons
in much the same manner as the planets move around the sun. In the case of the
atom, however, there are frequently several electrons in each orbit. The innermost
orbit may have up to 2, the second orbit up to 8, the third orbit up to 18, the fourth
orbit up to 32, with decreasing numbers in the outermost orbits (which on'y occur
with elements of high ** atomic numbers”). We do not know the precise shape
and positions of the orbits and modern theory speaks of them as ** energy levels ”
or “shells.” The electronsforming the innermost shell are closely bound to the
nucleus but the forces become progressively less in the outer shells. Moreover,
the number of electrons in the outermost shell may be less than the maximum number
that this shell is capable of accommodating. In this case, the substance would be
chemically active ; examples of such are sodium and potassium.

In a metal the various atoms are situated in close proximity to one another, so
that the electrons in the outermost shells have forces acting upon them both from
their *“ parent ” nucleus and their near neighbour. Some electrons are free to move
about throughout the substance and are, therefore, called *‘ free electrons.” If an
electric potential is applied between two points in the metal, the number of electrons
moving from the negative to the positive point will be greater than those moving in
the opposite direction. This constitutes an electric current, since each electron
carries an electric charge. The charge on the electron is defined as unit negative
charge and the accepted direction of current flow is opposite to the net electron
movement.

1



2 ELECTRICITY AND EMISSION 1.1

It is interesting to note that the total current flow, equivalent to the total move-
ments of all the free electrons, irrespective of their directions, is very much greater
than that which occurs under any normal conditions of electric current low. The
directions of movement are such that the external effects of one are generally cancelled
by those of another. Thus, in a metal, the oft-quoted picture of a flow of electrons
from the negative to the positive terminal is only a partial truth and apt to be mis-~
leading. The velocity of the free electrons is very much less than that of the electric
current being of the order of only a few centimetres per second. The electron
current may be pictured as the successive impacts between one electron and another
in the direction of the current. In an insulator the number of free electrons is
practically zero, so that electric conduction does not take place. In a partial insulator
the number of free electrons is quite small.

The nucleus is a very complex body, including one or more protons which may
be combined with a number of neutrons*. The proton has a positive charge equal
and opposite to the charge on an electron but its mass is very much greater than that
of an electron. ‘The simplest possible atom consists of one proton forming the nucleus
with one electron in an orbit around it—this is the hydrogen atom. Helium consists
of two protons and two neutrons in the nucleus, with two electrons rotating in orbits.
The neutron has a mass slightly greater than that of a proton, but the neutron has
no electric charge. An example of a more complicated atom is that of potassium
which has 19 protons and 20 neutrons in the nucleus, thus having a positive charge
of 19 units. The number of electrons in the orbits is 19, thus giving zero charge
for the atom as a whole, this being the normal condition of any atom. The common
form of uranium has 92 protons and 146 neutrons in the nucleus, with 92 electrons
rotating in orbits.

Under normal circumstances no electrons leave the surface or a substance since
the forces of attraction towards the centre of the body are too great. As the tem-
perature of the substance is raised, the velocity of the free electrons increases and
eventually, at a temperature which varies from one substance to another, some of the
free electrons leave the surface and may be attracted to a positive electrode in a vacuum.
This phenomenon is known as thermionic emission since its emission takes place
under the influence of heating. There are other types of emission such as photo
emission that occur when the surface of the substance is influenced by light, or
secondary emission when the surface is bombarded by electrons.

The radio valve makes use of thermionic emission in conjunction with associated
circuits for the purpose of producing amplification or oscillation. The most common
types of radio valves have hot cathodes, either in the form of a filament or an indirectly-
heated cathode. Many transmitting valves have filaments such as tungsten or
thoriated-tungsten, but nearly all receiving valves have what is known as an oxide
coated filament or cathode. The filament, or cathode sleeve, is usually made of
nickel or an alloy containing a large percentage of nickel and this is coated with a
mijxture of barium and strontium carbonates that, during the manufacture of the
valve, are turned into oxides. A valve having an oxide-coated cathode has -a very
high degree of emission as compared with other forms of emitters but requires very
great care during manufacture since it is readily poisoned by certain impurities which
may be present in the cathode itself or which may be driven out in the form of gas
from the bulb or the other electrodes.

Oxide-coated cathodes are generally operated at an average temperature of about
1050° Kelvin (777° C) which looks a dull red. Temperatures much above 1100°K
generally cause a short life, while those below 960°K are very susceptible to poisoning
of the emission, and require careful attention to0 maintain a very high vacuum.

The thermionic valve is normally operated with its anodet} current considerably
less than the maximum emission produced by its cathode. In the case of one having
a pure tungsten filament no damage is done to the filament if all the electrons emitted

*This is in accordance with the theory generally held at the time of writing ; it is, howcver, subject
to later modification,

+The anode (also called the plate) is the positive electrode ; the cathode is the negative electrode.
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are drawn away immediately to the anode. This is not so, however, with oxide coated
cathodes and these, for a long life and satisfactory service, require a total emission
very much greater than that drawn under operating conditions. In such a case a
cloud of electrons accumulates a short distance from the surface of the cathode and
supplies the electrons that go to the anode. This space charge as it is called, is
like a reservoir of water that supplies varying requirements but is itself replenished
atan average rate. 'The space charge forms a protection to the cathode coating against
bombardment and high electrostatic fields, while it also limits the current which would
otherwise be drawn by a positive voltage on the anode. If the electron emission
from the cathode is insufficient to build up this “ space charge,” the cathode coating
is called upon to supply high peak currents that may do permanent injury to the coat-
ing and in extreme cases may even cause sputtering or arcing.

In multi-grid valves, if one grid has a positive potential and the next succeeding
grid (proceeding from cathode to plate) has a negative potential, there tends to be
formed an additional space charge. This outer space charge behaves as a source of
electrons for the outer electrodes, and is known as a virtual cathode.

An oxide-coated cathode, operated under proper conditions, is self-rejuvenating -
and may have an extremely long working life. The life is, therefore, largely governed -
by the excess emission over the peak current required in normal operation.

A valve having a large cathode area and small cathode current may have, under
ideal conditions, a life of the order of 50000 hours, whereas one having extremely
limited surface area, such as a tiny battery valve, may have a working life of less than
1000 hours,

Under normal conditions a valve should be operated with its filament or heater
at the recommended voltage ; in the case of an oxide coated valve it is possible to
have fluctnations of the order of 109 up or down without seriously affecting the
life or characteristics of the valve [see Chapter 3 Sect. 1(iv)D]. The average voltage
should, however, be maintained at the correct value. If the filament or cathode is
operated continuously with a higher voltage than that recommended, some of the
coating material is evaporated and permanently lost, thus reducing the life of the valve.
Moreover, some of this vapour tends to deposit on the grid and give rise to what is
known as grid emission when the grid itself emits electrons and draws current
commonly known as negative grid current [for measurement see Chapter 3 Sect. 3
(iv)Al.

If the filament or heater is operated for long periods at reduced voltages, the effect
is a reduction in emission, but no damage is generally done to the valve unless the
cathode currents are sufficient to exhaust the ““space charge.” Low cathode tem-
perature is, therefore, permissible provided that the anode current is reduced in the
proper proportion.

During the workmg life of the valve, its emission usually increases over the early
period, reaches a maximum at an age which varies from valve to valve and from one
manufacturer to another, and then begins to fall. The user does not generally suffer
any detriment until the emission is insufficient to provide peak currents without
distortion.

Tests for the measurement of the emission of an oxide-coated cathode are described
in Chapter 3 Sect. 3(ii)f.

If a slight amount of gas is present some of the electrons will collide with atoms
of the gas and may knock off one or more electrons, which will serve to increase the
anode current, leaving atoms deficient in electrons. These are known as positive
ions since they carry a posmve charge (brought about by the loss of electrons), and
the process is known as ionization. The positive ions are attracted by the negauve
cathode, and being compa.ranvely massive, they tend to bombard the cathode coating
in spite of the protection formed by the space charge.

Some types of rectifiers (e.g. OZ4) have no heaters, and the oxide-coated cathode
is initially heated by ion bombardment ; this flow of current is sufficient to raise the
cathode temperature so as to enable it to emit electrons in the usual manner. The
gas is an inert variety at reduced pressure. Although some types of gascous thermionic
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rectifiers will operate (once they have been thoroughly heated) without any filament
or heater voltage, this is likely to cause early failure through loss of emission.

Most thermionic valves are vacuum types and operate under a very high degree
of vacuum. This is produced during manufacture by a combination of vacuum
pumps and is made permanent by the flashing of a small amount of *“ getter >’ which
remajns in the bulb ready to combine with any impurities which may be driven off
during life. Valves coming through on the production line are all tested for gas by
measuring the negative grid current under operating conditions ; methods of testing
are described in Chapter 3 Sect. 3(iv)A, where some values of maximum negative
grid current are also given, If a valve has been on the shelf for a long time, it fre-
quently shows a higher gas current, but this may usually be reduced to normal by
operating the valve under normal conditions, with a low resistance connection between
grid and cathode, for a short period. When a valve is slightly gassy, it usually shows
a blue glow (ionization) between cathode and anode. In extreme cases this may
extend outside the ends of the electrodes, but a valve in such condition should be
regarded with suspicion and tested before being used in any equipment, as it might
do serious damage. A slight crack may permit a very small amount of air to enter
the bulb, giving rise to a pink/violet glow which may readily be identified by any one
familiar with it ; this is a sign of immediate end of life.

The anode current of a thermionic valve is not perfectly steady, since it is brought
about by a flow of electrons from the cathode. When a valve is followed by very
high gain amplifiers, the rushing noise heard in the loudspeaker is partly caused by
the electrons in the valve, and partly by a somewhat similar effect (referred to as the
“ thermal agitation ** or *‘ Johnson noise **) principally in the resistance in the grid
circuit of the first valve—see Chapter 4 Sect. 9(i}l, and Chapter 18 Sect. 2(ii). This
question of valve noise is dealt with in Chapter 18 Sect. 2(ii)c and Chapter 23 Sect. 6.

Some valves show a fluorescence on the inside of the bulb, which may fluctuate
when the valve is operating. This is perfectly harmless and may be distinguished
from blue glow by its position in the valve. In occasional cases fluorescence may also
be observed on the surfaces of the mica supports inside the valve.

SECTION 2: THE COMPONENT PARTS OF RADIO VALVES

(1) Filaments, cathodes and heaters (#) Grids (id) Plates (iv) Bulbs (v) Volit-
ages with valve operation.

(i) Filaments, Cathodes and Heaters

Cathodes are of two main types—directly heated and indirectly heated. Directly-
heated cathodes are in the form of filaments which consists of a core of wire through
which the filament current is passed, the wire being coated with the usual emissive
coating. Filaments are the most economical form of cathodes so far as concerns
the power necessary to heat the cathode. They are, therefore, used in most applica-
tions for operation from batteries, particularly dry batteries, and for special applica-
tions in which very quick heating is required. Filaments are also used in many
types of power rectifiers and power triodes, where the special properties of the filament
make it more suitable. ’

Valves having filaments should preferably be mounted with the filament vertical,
but if it is necessary to mount them horizontally, they should be arranged so that the
plane of the filament of V or W shaped filaments is vertical ; this reduces the chance
of the filament touching the grid.

All filament-type valves having close spacing between filament and grid have a
filament tension spring, usually mounted at the top of the valve. Some typical
filament arrangements are indicated in Fig. 1.1 where A shows a single ““ V ** shape
filament suspended by means of a top-hook at the apex, B shows a * W * shape with
two top hooks and C a single strand filament with tension spring as used in 1-4 volt
valves.
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Indirectly-heated cathodes consist of a cathode sleeve surrounding a heater. The
cathode sleeve may have a variety of shapes, including round (D), elliptical (E) and
rectangular (F) cross section. They are usually fitted with a light ribbon tag for
connection to the lead going to the base pin.

FILAMENTS I-H CATHODES HEATERS

WA

Fig. 1.1, A, B, Ctypes of filaments ; D, E, F types of cathodes ; G, H types of
keaters.

In an indirectly-heated valve, the function of the heater is solely to heat the cathode.
No emission should take place from the heater and the insulation between heater
and cathode should be good. The heater is generally made of tungsten or a tungsten
alloy wire coated wita a substance capable of providing the necessary insulation at
high temperature, such as alundum. In all applications where hum is likely to be
troublesome, the heater is preferably of the doubie helical type, as G in Fig. 1.1.
Power valves and other types having elliptical or rectangular cathode sleeves, often
employ a folded heater as in H. ‘These are not generally suitable for use in very low
level amplifiers whether for radio or audio frequencies.

(ii) Grids

Grids are constructed of very fine wire wound around one, two or four side rods—
two being by far the most common. Some valves have two, three, four or five grids
inside one another, but all of these are similar in generat form although different in
dimensions.

In the case of some grids it is necessary to take precautions to limit the grid tem-
perature either to avoid grid emission, in the case of control grids, or to limit the grid
temperature to prevent the formation of gas, in the case of screen grids. These may,
for better heat radiation, be fitted with copper side rods and blackened radiators either
above or below the other electrodes. Grids are numbered in order from the cathode
outwards, so that No. 1 grid will be the one closest to the cathode, No. 2 grid the one
adjacent to it, and No. 3 the one further out again.

iii) Plates

The plate of a receiving valve is the anode or positive electrode. It may be in one
of a great number of shapes, dependent on the particular application of the valve.
The plates of power valves and rectifiers are frequently blackened to increase their
heat radiation and thereby reduce their temperature.

(iv) Bulbs

The inside surfaces of glass bulbs are frequently blackened. This has the effects
of making them more or less conductive, thereby reducing the tendency to develop
static charges, and reducing the tendency towards secondary emission from the bulb.

(v) Voltages with valve operation
All voltages in radio valves are taken with respect to the cathode, in the case of
indirectly-heated valves, and the negative end of the filament with directly-heated
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valves. The cathode is usually earthed or is approximately at earth potential, so
that this convention is easy to follow under normal conditions. In some cases, as
for example phase splitters or cathode followers, the cathode is at a potential con-
siderably above earth and care should be taken to avoid errors.

Some directly-heated valves may be operated with their filaments on a.c. supply,
usually with the centre tap of the filament circuit treated as a cathode. In all such
cases the valve data emphasize the fact that the filament is intended for operation
on a.c. The plate characteristics are usually drawn with d.c. on the filament and
these curves may be applied to a.c. operation by increasing the bias voltage by half
the filament voltage.

In cases where resistors or other impedances are connected between the positive
electrodes and the supply voltages, the electrode voltages (e.g. Ey, E2) are the voltages
existing between those electrodes and cathode under operating conditions, The
supply voltages are distinguished by the symbols E;;, E .., etc. See the list of symbols
in Chapter 38 Sect. 6.

For further information on valve operation see Chapter 3 Sect. 1

SECTION 3 : TYPES OF RADIO VALVES

(#) Diodes (i) Triodes (i) Tetrodes (iv) Pentodes (v) Pentode power amplifiers
(vi) Combined valves (vii) Pentagrid converters.
(i) Diodes

A diode is the simplest type of radio valve consisting of two electrodes only, the
cathode and anode (or plate). The cathode may be either directly or indirectly
heated and the valve may be either very small, as for a signal detector, large as for a
power rectifier, or any intermediate size. One or two diodes are frequently used in
combination with a triode or pentode a-f amplifier as the second detector in receivers 3
in most of these cases, a common cathode is used. For some purposes it is necessary
to have two diode units with separate cathodes, as in type 6H6. Amplifier types with
three diodes, some with a common cathode and others with separate cathodes, have

PLATE CURRENTYO

Fig. 1.2. Fundamental circust
including diode, A and B bat-
teries and load resistor.

also been manufactured for special purposes. Fig. 1,2 shows the circuit of a diode
valve in which battery A is used to heat the filament or heater, and battery B to apply
a positive potential to the anode through the load resistor. The plate current is
measured by a milliammeter connected as shown, and the direction of current flow
is from the positive end of battery B towards the anode, this being the opposite of the
electron current flow. It should be noted that the negative end of battery B is re-
turned to the negative end of battery A in accordance with the usual convention. It
would be quite permissible to connect the negative end of the battery B to the positive
end of battery A so as to get the benefit of the voltage A applied to the anode, but
in this case, the total voltage applied to the anode would be A -+ B. If voltage of
battery B is reversed, it will be noted that the plate current is zero, thus indicating
the rectification that takes place in a diode. If an alternating voltage is applied,
current will only flow during the half-cycles when the anode is positive. This is
called a half-wave rectifier since it is only capable of rectifying one half of the cycle.
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Full wave* rectifiers are manufactured with two anodes and a common cathode and
these are arranged in the circuit so that one diode conducts during one half-cycle
and the other during the other half-cycle.

(ii) Triodes

A triode is a three electrode valve, the electrodes being the cathode, grid and anode
(or plate). The grid serves to control the plate current flow, and if the grid is made
sufficiently negative the plate current is reduced to zero. The voltage on the grid is
controlled by battery C in Fig. 1.3, the other part of the circuit being as for the diode
in Fig. 1.2, When the grid is negative with respect to the cathode, it does not draw
appreciable current ; this is the normal condition as a class A, amplifier. Although
an indirectly heated cathode has been shown in this instance, a directly heated valve
could equally well have been used. The heater in Fig. 1.3 may be supplied either
from an a.c. or d.c. source, which should preferably be connected to the cathode or
as close as possible to cathode potential.

As the grid is made more negative, so the plate current is decreased and when the
grid is made more positive the plate current is increased. A triode is, therefore,
capable of converting a voltage change at the grid into a change of power in the load
resistor. It may also be used as a voltage amplifier or oscillator.

ess—( )

] .

FLATE CURRENT™\ Fig. 1.3. Fundamental circuit
§ weswton  including indirectly-heated triode,
b B and C barteries, and load
z resistor in plate circuit.,
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FIG. 1.3

(iii) Tetrodes

The capacitance between the grid and plate can be reduced by mounting an addi-
tional electrode, generally called the screen or screen grid, between the grid and plate.
The valve thus has four electrodes, hence the name tetrode. The function of the
screen is to act as an electrostatic shield between grid and plate, thus reducing the
grid-to-plate capacitance. The screen is connected to a positive potential (although
less than that of the plate) in order to counteract the blocking effect which it would
otherwise have on the plate current-—see Fig. 14, Owing to the comparatively
large spaces between the wires in the screen, most of the electrons from the cathode
pass through the screen to the plate. So long as the plate voltage is higher than the
screen voltage, the plate current depends primarily on the screen voltage and only
to a slight extent on the plate voltage, This construction makes possible a much
higher amplification than with a triode, and the lower grid-to-plate capacitance makes
the high gain practicable at radio frequencies without instability.

Fig. 1.4. Fundamental circuit
including indirectly-heated tet-
rode, B and C batteries, and (nPUD
load resistor in plate circuit.

CURAENT FLOY
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(iv) Pentodes
Electrons striking the plate with sufficient velocities may dislodge other electrons
and so cause what is known as * secondary emission.”” In the case of tetrodes, when

*These are sometimes called biphase half-wave rectifiers.
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the plate voltage swings down to a low value under working conditions, the screen
may be instantaneously at a higher positive potential than the plate, and hence the
secondary electrons are attracted to the screen. This has the effect of lowering the
plate current over the region of low plate voltage and thus limits the permissible
plate voltage swing. This effect is avoided when a suppressor is inserted between
screen and plate. The suppressor is normally connected vo the cathode as in Fig. 1.5.
Owing to its negative potential with respect to the plate, the suppressor retards the
movements of secondary electrons and diverts them back to the plate.

A valve with three grids is known as a pentode because it has five electrodes. Pen-
todes are commonly used as radio frequency amplifiers and as power amplifiers.
Pentode r-f amplifiers are of two main varieties, those having a sharp cut-off* charac-
teristic and those having a remote cut-off*. Valves having sharp cut-off charac-
teristics are generally used as audio frequency voltage amplifiers and anode bend
detectors, while remote cut-off amplifiers are used as r-f and i-f amplifiers. The

PLATE CURRENT

10AD Fig. 15. Fundamental circuit
RESISTOR  including indirectly-heated pen-
(.?.:.'_ﬁ-) tode, B and C batteries, and
RESISTOR load resistor in plate circuit,

FiG. 1.5

remote cut-off characteristic permits the application of automatic volume control
with a minimum of distortion ; this subject is treated in detail in Chapter 27 Sect. 3.

(v) Pentode power amplifiers

Pentode power amplifiers are commonly used in receiving sets to produce a-f power
outputs from about 1 watt up to about 5 watts. They differ from r-f amplifiers in
that no particular precautions are made to provide screening, and they are designed
for handling higher plate currents and screen voltages. In principle, however, both
types are identical and any r-f pentode may be used as a low-power a-f amplifier.

Beam power valves with * aligned ” grids do not require a third grid to give
characteristics resembling those of a power pentode ; a typical structure is shown in
Fig. 1.6, Some “ kinkless > tetrodes are also used as r-f and i-f amplifiers. All of
these may be treated as being, in most respects, equivalent to pentodes.

(vi) Combined valves .

Many combinations of valves have been made. Two triodes are frequently mounted
in one envelope to form a “ twin triode.” One or more diodes are frequently com-
bined with triodes and pentodes to form second detectors. A combination of triode
and pentode in one envelope is also fairly common, one application being as a fre~
quency changer. Other combinations are triode-hexodes and triode-heptodes, all
of which are primarily intended for use as frequency changers or  converters.,” In
these, the triode grid is generally connected internally to No. 3 grid in the hexode or
heptode to provide the necessary mixing of the oscillator and signal voltages, A
hexode has four grids while the heptode has five, the outermost of which is a sup-
pressor functioning in the same manner as in a pentode.

In addition to this wide range of combinations, entirely different valves may be
combined in one envelope to save space in very small receivers. This is a practice
which appears to be dying out, particularly as the envelope size becomes smaller.

(vii) Pentagrid converters
Pentagrids are valves having 5 grids, so that they are really heptodes, but the name
pentagrid appears to make a convenient distinction between valves in this group

*Sharp cut-off indicates that the plate-current characteristic is as straight as it can be made, A re-
mote cut-off charactensuc indicates that the plate current does not become zero until the grid voltage
is made very much negative (usually over 30 volts),
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ELECTRON BEAM SHEETS FORMED BY GRID WIRES

Fig. 1.6, Internal structure of type 6L6 or 807 aligned grid beam power valve (diagram
by courtesy of R.C.A.).

(which do not normally require external oscillators) and those of the hexode or heptode
““ mixer ” type which are used with separate oscillators. Pentagrid converters are
of two main groups, the first of these being the 6A8 type of construction which in-
corporates an oscillator grid and oscillator anode (* anode grid ”’) as part of the maijn
cathode stream. The other group comprises the 6SA7, 6BE6 and 1R5 type of con-
struction which has no separate oscillator anode, the screen grid serving a dual pur-
pose. The various types of pentagrid converters are described in detail in Chapter 25.

SECTION 4 : MAXIMUM RATINGS AND TOLERANCES
@) Maximum ratings and their interpretation (i) Tolerances.

(i) Maximum ratings and their interpretation
Maximum ratings are of two types—the Absolute Maximum system and the Design
Centre system. These are described in detail in Chapter 3 Sect. 1(iv).

(ii) Tolerances

All valves are tested in the factory for a number of characteristics, these usually
including plate current, screen cu rent, negative grid current, mutual conductance,
noise and microphony, as well as having to pass visual inspection tests for appearance.
For methods of testing see Chapter 3. As with any other components such as re-
sistors or capacitors, the characteristics can only be maintained within certain toler-
ances. For example, a resistor may be bought with a tolerance of plus or minus
109, or 20% ; closer tolerances may be purchased at a higher price.

The subject of tolerances in valve characteristics is covered in detail in Chapter 3
Sect. 2(iii).

Special care should be taken in the screen circuits of beam power amplifiers since
in these the screen currents may vary from zero to twice the average figure. Any
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screen voltage dropping resistor is undesirable with such valves and if the screen is
required to be operated at a lower voltage than the plate, it should be supplied from
a voltage divider having a bleed current of preferably 5 times the nominal screen
current, Alternatively, the screen voltage should be determined for the extreme cases
of zero and twice nominal screen current.
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The heater voltage should be maintained at an average voltage equal to the recom-
mended voltage, thus leaving a margin of plus or minus 10% for line fluctuations
under normal conditions—see Chapter 3 Sect. 1(iv)D. If any wider variation is
required, this will involve decreased maximum grid circuit resistance for a higher

heater voltage and decreased plate current for lower heater voltage.

SECTION 5 : FILAMENT AND* HEATER VOLTAGE/CURRENT
CHARACTERISTICS

A valve filament or heater operates at such a temperature that its resistance when
hot is much greater than its resistance when cold. The current/voltage characteristic
is curved and does not follow Ohm’s Law. Two typical examples are Fig. 1.7 for
a battery valve and Fig. 35.14 for an indirectly-heated valve. Approximate curves
for general use, on a percentage basis, are given in Fig. 1.8 including also dissipation
in watts and temperature (Ref. 7). Filament and heater ratings are covered in Chapter
3 Sect. 1.

SECTION 6 : VALVE NUMBERING SYSTEMS

Receiving valves having the American numbering follow two main systems. The
first of these is the numerical system, which is the older, and the second the R.M.A.
system. Originally various manufacturers produced the same valve under different
type numbers such as 135, 235, 335, 435 etc. This was improved upon by dropping
the first figure and using only the two latter figures, e.g. 35.

All the more recent American releases follow the R.M.A. system (Ref. 8) of which
a typical example is 6A8~-GT. In this system the first figure indicates the approxi-
mate filament or heater voltage—6 indicates a voltage between 5:6 and 6-6 volts,
while 5 indicates a voltage between 46 and 56 volts ; 1 indicates a voltage in excess
of 0 and including 1-6 volts, while O indicates a cold cathode. Lock-in types in the
63 volt range are given the first figure 7 (this being the “‘ nominal » voltage), but
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the normal operating voltages remain at 6-3 volts. In the case of tapped filaments
or heaters the first figure indicates the total voltage with both sections in series.

The second symbol is a letter which is allotted in sequence commencing with A,
except that I and O are not used ; rectifiérs follow the sequence backwards com-
mencing at Z. When all the single letters of a group are exhausted, the system then
proceeds with two lettters commencing with AB ; combinations of identical letters
are not normally used. The single-ended a.c. range has a first letter S while the second
letter may be that of the nearest equivalent in the double-ended range—e.g. type
6SK17 is the nearest single-ended equivalent to type 6K7. Another special case is the
first letter L which is used for lock~in types in the battery range.
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Fig. 18. Filament or heater current, dissipation and temperature plotted against
filament or heater voltage, per cent (Ref. 7).
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The final figure denotes the number of * useful elements ” brought out to an
external connection.

The envelope of a metal valve, the metal base of a lock-in valve, and internal shield-
ing having its separate and exclusive terminal(s) are counted as useful elements.
A filament or heater counts as one useful element, except that a tapped filament or
heater of two or more sections of unequal rated section voltages or currents counts
as two useful elements. An octal-based glass valve having » useful elements exclusive
of those connected to Pin No. 1 is counted as having n + 1 useful elements. Elements
connected to terminals identified as * internal connection, do not use *’ do not count
as useful elements. Combinations of one or more elements connected to the same
terminal or terminals are counted as one useful element. For example a directly
heated triode with a non-octal base is denoted by 3 ; an indirectly-heated triode,
with a non-octal base is designated by 4 ; a directly-heated tetrode with a non-octal
base is designated by 4. A pentode with the suppressor internally connected to
filament or cathode is numbered as a tetrode. A metal envelope or octal-based glass
triode with an indirectly-heated cathode is designated by 5, a tetrode (or pentode with
the suppressor internally connected) by 6, and a triode-hexode converter usually by 8.

The suffix after the hyphen denotes the type of construction used. In general,
metal valves, lock-in types and miniature types have no suffixes, but octal-based glass
valves types are given the suffix G for the larger glass bulb or GT for the smaller
parallel-sided T9 bulb. The letter M indicates a metal-coated glass envelope and
octal base, X indicates a ** low loss ** base composed of material having a loss factor
of 0-035 maximum (determination of loss factor to be in accordance with ASTM
Designation D-150-41T). The letter Y indicates an intermediate-loss base com-
posed of material having a loss factor of 0-1 maximum. The letter W indicates
a military type. The letters, A,B,C,D,E and F assigned in that order indicate a
later and modified version which can be substituted for any previous version but not
vice versa.

SECTION 7 : REFERENCES*
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-4, 8-10.
3. Reich, H. J. (book) * Theory and Applications of Electron Tubes” (McGraw-Hill Book Co.,
New York & London, 2nd ed., 1944).

. Chaffee, E. L. (book) ** Theory of Thermjonic Vacuum Tubes *’ (McGraw-Hill Book Co., New
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SECTION 1 : VALVE COEFFICIENTS

(Otherwise known as Constants, Parameters or Factors)

The triode or multigrid radio valve is a device which allows, under certain operating
conditions, an amplified replica of a voltage applied between grid and cathode to
appear across an impedance placed between plate and cathode.

A valve, in itself, does not provide amplification of the applied grid-to-cathode
voltage. The amplified voltage across the load impedance is due to the action of
the valve in controlling the power available from the power supply. The amount
of power which can be so controlled is determined by the operating conditions and
the characteristics of the valve and of its associated circuits.

The maximum voltage amplification which a valve is capable of giving under ideal
conditions is called the amplification factor, generally designated by the Greek symbol
g (mu). This is not truly constant under all conditions (except for an imaginary
<¢ jdeal valve ) and varies slightly with grid bias and plate voltage in the case of a
triode, and is very far from being constant with most multi-electrode valves.

The amplification factor (u) is the ratio of the incremental* change in plate
voltage to the incremental change in control grid voltage in the opposite direction,
under the conditions that the plate current remains unchanged, and all other electrode
voltages are maintained constant.

There are two other principal Valve Coefficients, known as the mutual conductance
and the plate resistance (or anode resistance), the values of these also being somewhat
dependent upon the applied voltages.
et 11t et ooRics sy bt Becai, Fof the astheetonl rearmmens of

rate of change, see Chapter 6 Sect. 7(i) and (i). For treatment of valve coefficients as partial differentisls
sec Chapter 2 Sect. 9(ix).
13
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The mutual conductance (or grid-plate transconductance) is the incremental
change in plate current divided by the incremental change in the control-grid voltage
producing it, under the condition that all other voltages remain unchanged.

The plate resistancet is the incremental change in plate voltage divided by the
incremental change in plate current which it produces, the other voltages remaining
constant.,

There is a relationship between these three principal valve coefficients, which is
exact provided that all have been measured at the same operating point,

B =E8m. Ty
I
Orgm = — »
Ty
']
orr, = —.

Em
The calculation of these ¢ valve coefficients” from the characteristic curves is
given in Section 2 of this Chapter, while their direct measurement is described in
Chapter 3 Sect. 3. The mathematical derivation of these coefficients and their
relationship to one another are given in Section 9 of this Chapter, as is also the repre-
sentation of valve coefficients in the form of partial differentials.
The reciprocals of two of these coefficients are occasionally used—

= D where D is called the Durchgriff (or Penetration Factor) and which

may be expressed as a percentage.

T

1
=8 where g, is called the Plate Conductance (see also below).

Othper valve coefficients are described below :—

The Mu-Factor, of which the amplification factor is a special case, is the ratio
of the incremental change in any one electrode voltage to the incremental change in
any other electrode voltage, under the conditions that a specified current remains
unchanged and that all other electrode voltages are maintained constant., Examples
are

Fgreges Hozepe

The Conductance (g) is the incremental change in current to any electrode divided
by the incremental change in voltage to the same electrode, all other voltages remain-
ing -unchanged.

Examples are grid conductance (g,), plate conductance (g,).

Transconductance is the incremental change in current to any electrode divided
by the incremental change in voltage to another electrode, under the condition that
all other voltages remain unchanged. A special case is the grid-plate transconductance
which is known as the mutual conductance. Another example is the plate-grid
transconductance (g4).

Conversion transconductance (S ) is associated with mixer (frequency changing )
valves, and is the incremental change in intermediate-frequency plate current divided
by the incremental change in radio-frequency signal-grid voltage producing it.

The Resistance () of any electrode is the reciprocal of the conductance ; for
example plate resistance is the reciprocal of plate conductance,

7, = 1/g,. '

Perveance (G) is the relation between the space-charge-limited cathode current
and the three-halves power of the anode voltage. It is independent of the electrode
voltages and currents, so long as the three-halves law holds :

13
&%t
The measurement of perveance is covered in Chapter 3 Sect. 3(vi)E.

1This is strictly the * variational plate resistance’’ and must be distinguished from the d.c. plate
resistance,
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SECTION 2 : CHARACTERISTIC CURVES

@) Plate characteristics (ii) Mutual characteristics (3ii) Grid current charactertstics
() Suppressor characteristics (v) Constant curremt curves (vi) “G?” curves (vit)
Drift of characteristics during life (viii) Effect of heater-voltage variation.

It is convenient to set down the measured characteristics of a valve in the form of
curves. These are thus a record of the actual currents which flow in a given valve
when the specified voltages are applied.

The curves published by the valve manufacturers are those of an * average >’ valve,

" and any one valve may differ from them within the limits of the manufacturing toler-
ances.

T

5 Fig. 2.1.  Method of medasuring the
i plate and grid currents of a triode
4 vaive.

¥

The method of measuring the plate and grid currents of a triode valve is shown in
Fig. 2.1 in which a tapping on the grid bias battery is returned to the cathode so as
to permit either positive or negative voltages to be connected to the grid. The grid
microammeter and veltmeter should be of the centre-zero type, or provision made
for reversal of polarity. For more elaborate testing see Chapter 3 Sect. 3.

(i) Plate characteristics

The Plate Characteristic may be drawn by maintaining the grid at some constant
voltage, varying the plate voltage step-by-step from zero up to the maximum available,
and noting the plate current for each step of plate voltage. These readings may then
be plotted on graph paper with the plate voltage horizontal and plate current vertical.
This procedure may be repeated for other values of grid voltage to complete the Plate
Characteristic Family.

The Plate Characteristic Family for a typical triode is shown in Fig. 2.2, It
is assumed that the plate voltage has been selected as 180 volts, and the grid bias
—4 volts. By drawing a vertical line from 180 volts on the E, axis (point K), the
quiescent operating point Q will be determined by its intersection with the
“E,= —4” curve. By referring Q to the vertical scale (I,) the plate current is
found to be 6mA. The plate resistance at the point Q is found by drawing a tangent
(EF) to the curve for E, = —4 so that it touches the curve at Q.

" The plate resistance (r,) at the point Q is then EK in volts (65) divided by QK
in amperes (6 mA = 0.006 A) or 10800 ohms.

The amplification factor () is the change of plate voltage divided by the change
of grid voltage for constant plate current. Line CD is drawn horizontally through Q,
and represents a line of constant plate current. Points C and D represent grid volt-
ages of —2 and —6, and correspond to plate voltages of 142 and 218 respectively.
The value of p* is therefore (218 — 142) plate volts divided by a change of 4 grid
volts, this being 76/4 or 19.

The mutual conductance (g,,) is the change of plate current divided by the change
of grid voltage for constant plate voltage. Line AB, which is drawn vertically through
Q, represents constant plate voltage. Point A corresponds to 9.6 mA, while point B
corresponds to 2.6 mA, giving a difference of 7 mA. Since points A and B also
differ by 4 volts grid bias, the mutual conductance* is 7 mA divided by 4 volts, which
is 1.75 mA/volt or 1750 micromhos.

*The value so determined 1s not exactly the value which would be obtained with a very small swing,
bur is sufficiently accurate for most practical purposes. )
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In these calculations it is important to work with points equidistant on each side
of Q to reduce to a minimum errors due to curvature.

t'c-;_/—_z
7/
c/7 a

&

/ Fig.2.2. Plate charact-
/-

(9,

AT
-

L eristic family of curves
Jor a wypical triode.

N
N

MILLIAMPS
»

!
1
T

/T/_%
WAV

&
NG

fic2 100 vou's(e.,) #00 0
Eq p=[1sovoLrs H
| —_'_______._-—JEQ"’
il ] I
/ Al L ——
= P
" T
S - .
. %.g_,,—/ / Q:L - Fig. 2.3. Plate charact-
P) = =" eristics of a pent
1 5___%2: i I e = o eristics of a pentode, for
j‘ ~ 437‘ one fixed screen voltage.
$ L=~ ] .
1
.
oO 100 I 200
ETaTe s voLTs (E,,) haed

The plate characteristics of a pentode for one fixed screen voltage are shown
in Fig. 2.3. Owing to the high plate resistance of a pentode the slope ¢f the portion
of the curves above the * knee ** is frequently so flat that it is necessary to draw ex-
tended tangents to the curves as at A, B and Q. A horizontal line may be drawn
through Q to intersect the tangents at A and B at points C and D. As with a triode,
points A and B are vertically above and below Q. The mutual conductance is AB
(4.1 mA) divided by 4 volts change of grid bias, that is 1.025 mA/V or 1025 micromhos.
The amplification factor is the change of plate voltage (CD = 447 volts) divided by
the change of grid voltage (4 volts) or 111.7. The plate resistance is EK/QK, i.e.
180/0.001 65 or 109 000 ohms.

The plate characteristics of a beam tetrode are somewhat similar to those
of a pentode except that the *‘ knee >’ tends to be more pronounced at high values
of plate current.

The plate characteristics of a screen-grid or tetrode are in the upper portion
similar to a pentode, but the * knee  occurs at a plate voltage slightly greater than
the screen voltage and operation below the * knee  is normally inadvisable due to
instability.

The plate and screen characteristics of a pentode are shown in Fig. 2.4,
from which it will be seen that the total cathode {plate - screen) current for any
fixed grid bias is nearly constant, except at low plate voltages, and that the plate
current increases at the expense of the screen, and vice versa. A pentede is frequently
described as a  constant-current device,” but the plate current is not so nearly con-
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stant as the combination of plate and screen currents, with fixed grid bias and screen
voltage.

(ii) Mutual characteristicst

The Mutual Characteristics may be drawn by maintaining the plate voltage con-
stant, and varying the grid from the extreme negative to the extreme positive voltage
desired. For any particular plate voltage, there is a negative grid voltage at which
the plate current becomes zero ; this is called the point of plate current cut-off, and
any increase of grid voltage in the negative direction has no effect on the plate current,
which remains zero. If the mutual characteristic were perfectly straight, the point
of plate current cut-off would be at a grid voltage of E,/u; in reality, it occurs at
a point slightly more negative, owing to the curved foot of the characteristic.

50 CATHODE CURREN Eemov.  Eca= 285V
Ecy=ov.
MA PLATE CURRENT
Fig. 2.4. Plate and screen char-
o acteristics for a pentode, with
= .
g fixed screen and grid voltages,
é showing also the cathode current
curve which is the sum of the
£ plate and screen curremts at all
g SCREEN CURRENT
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The Mutual Characteristics of a triode are shown in Fig. 2.5. Each curve
cotresponds to a constant plate voltage. Let P be a point on the E, = 250 curve,
and let us endeavour to find out what information is available from the curves. The
bias cotresponding to P is given by R (—6 volts) and the plate current is given by
S (6 mA). Let now a triangle ABC be constructed so that AP = PC, AB is vertical,
CB is horizontal and point B comes on the E, = 200 curve.

The mutual conductance is given by AB/BC or 2-32 mA/4 volts, which is 0-580
mA/volt or 580 micromhos. Thus the slope of the characteristic is the mutual
conductance.**

Jso known as Transfer Characteristics. . K .
I";\’I:xl";‘is simple construction assumes that A P C is a straight line. In practice it is slightly curved but
the construction gives a very close approzimation to the slope at point P because the slope of the tangent
at P is approxzimately the slope of the chord joining A and C.
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The amplification factor is given by the change of plate voltage divided by the
change of grid voltage for constant plate current, that is
Em_ - Ebg =Ebl d Ebz 250 —_ 200 — 12.5

¥7 TcB AE. T 4

The plate resistance is given by the change of plate voltage divided by the change
of plate current for constant grid voltage; that is
Eyy — Eye _ Epy — Epg _ 250 — 200

T»>= TAB Al 232 X 103

These curves hold only if there is no series resistance in the plate circuit. They

could therefore be used for a transformer-coupled amplifier provided that the primary

of the transformer had negligible resistance. In the present form they could not be

used to predict the operation under dynamic conditions. The static operation point
P may, however, be located by their use.

The mutual characteristics of a pentode, for a fixed screen voltage, are very
similar to those of a triode except that each curve applies to a different value of screen
(instead of plate) voltage. The plate voltage of pentodes having high plate resistance
has only a very minor effect on the plate current, provided that it does not come
below the screen voltage.
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Fig. 2.1. Mutual characteristics of a pentode, with constant plate voltage, and five
fixed screen wvoltages.
Fig. 2.8. Screen current mutual characteristics of a pentode (same as for Fig. 2.7).

The Mutual Characteristic Family for a typical pentode is shown in Fig.
2.7, and the corresponding screen current characteristics in Fig. 2.8.

The resemblance between the shapes of the plate and screen characteristics is
very close, and there is an almost constant ratio between the plate and screen currents
along each curve. ’

(iii) Grid current characteristics

Positive grid current in a perfectly hard indirectly-heated valve usually commences
to flow when the grid is slightly negative (point Y in Fig. 2.9) and increases rapidly
as the grid is made more positive (Curve A), The position of point Y is affected
both by the contact potential between grid and cathode and also by the initial electron
velocity of emission ; the latter is a function of the plate and grid voltages and the
amplification factor of the valve, and will therefore vary slightly as the electrode
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voltages are changed. The grid current commencement point in perfectly hard
battery valves is usually slightly positive, so that they may be operated at zero bias .
with negligible positive grid current (Curve B).

A typical valve at its normal negative bias will have negative (or reverse) grid current
which is the sum of gas (ionjzation) current, leakage current and grid primary emission
current. If the two latter are negligibly small, negative grid current (i.e. gas current)
will be roughly proportional to the plate current, and will increase with the pressure
of gas in the valve. If the plate current is maintained constant, the gas current varies
approximately as the square of the plate voltage ; reduced cathode temperature has
little effect on this relationship (Ref, A12). See Chapter 1 Sect. 1 for general in-
formation regarding gas current and Chapter 3 Sect. 3(iv)A for the measurement of
reverse grid current.

References to grid current characteristics—A12, H1, H2.
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Fig. 29. Grid current characteristics of a triode or pentode.

Curve C shows the gas (ionization) current alone, and the solid line D is the com-
bination of curves A and C, this being the grid current characteristic of a typical
indirectly heated valve with a slight amount of gas. The maximum negative grid
current occurs at a value of grid bias approximately equal to that of the grid current
commencement point of the same valve if it could be made perfectly hard (point Y).
The point of zero grid current (X) differs from the point of grid current commence-
ment in a perfectly hard valve (Y).

The grid current cross-over point (X) in a new indirectly heated valve is usually
between zero and —1-0 volt, and some slight variations in the value are to be expected
during life. Change of contact potential between grid and cathode results in a corres-
ponding shift of the mutual characteristics; a change of contact potential in the
direction which makes the grid current cross-over point move in the positive direction
during the life of the valve will result in decreased plate current, which may be quite
serious in a high-mu triode operating on a low plate supply voltage. This is one
reason why grid leak bias (with a grid resistor of about 5 or 10 megohms) is often used
with such valves, so that the operating point is maintained in the same relation to
the mutual characteristic.

In battery type valves the grid current cross-over point is normally positive (up to
say + 0.5 volt) but designers should allow for some valves with negative values,
particularly in cases of low screen voltage operation.
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Contact potential is only one of several effects acting on the grid to change the
cross-over point (X)—the cthers include gas current, grid (primary) emission, leakage,
and the internal electron velocity of emission,

The grid variational conductance is equal to the slope of the grid characteristic
at the operating point. The conductance increases rapidly as the grid voltage is made
less than that corresponding to point Y, irrespective of the value of ionization current,
so that input circuit damping due to the flow of electrons from cathode to grid (i.e.
the positive component of the grid current) occurs in a typical valve even when the
grid current is zero or negative (grid voltages between X and Y in Fig. 2.9). Itis
possible for the damping on the positive peaks of applied input voltage to be
quite serious even when the microammeter reads zero. This point is applied
in connection with r.c. triodes in Chapter 12 Sect. 2(iv),

If the valve has a leakage path between grid and cathode, the leakage current
is given by the line OF, which must be added to the gas current to give the grid current
characteristic G. If it has leakage between grid and plate (or screen) the leakage
current is given by the line HJ, which intersects the hcrizontal axis at a positive voltage
equal to the plate (or screen) voltage ; this also must be added to the other components
to provide the grid current characteristic. The combined leakage currents may be
measured by biasing the grid beyond the point of plate current cut-off provided that
the grid emission is negligibly small—otherwise see below.

Grid emission with a negative grid is the primary emission _
of electrons due to grid heating from both cathode and plate o/ 1,
(or screen); it gradually increases as the valve becomes It
warmer during operation. It increases the total negative grid
current ard is included with leakage currents in the
total negative grid current indicated by a valve tester.

For methods of testing to discriminate between the
various components of negative grid current, see 5y
Chapter 3 Sect. 3(iv)A.

When a valve is operated with a fixed
negative grid bias, but has a total grid Q
circuit resistance R,, the
actual voltage on the grid
may differ from the applied
bias due to grid current. If
negative grid current is pre-
sent the condition will be as
shown in Fig. 2.10 in which
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l
Negative-grid load lines |l
|
|
|
l
l
I
|

SLOPE =~z 1
OA represents the applied " { Kb /

bias.  The plate current =< =
operating point with no grid o /

current will obviously be Q B

but if the grid current

characteristic is as shown, FIG. 2-10

the grid operating point Fig. 210. Grid current characteristics with

will be B and the plate
operating point Q’.  Point
B is determined by the intersection of the grid current characteristic and a load line
having a slope of —1/R,. The shift in grid bias due to voltage drop across R, will
be AE, or R,.I,;. The operating point can obviously never be swung beycnd the
grid-current cross-over point G, so that the static plate current can never go beyond D
(Fig. 2.10) due to negative grid currenr.

grid loadlines.
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If valve is operated with its grid completely open-circuited, the operating point
will be at D, since this is the only point corresponding to zero grid current, unless
the grid characteristic has a second point of zero grid current at a positive grid voltage
(see under grid blocking). ’ ’

If the valve is operated with zero bias, that is with the grid resistor returned to
cathode, the grid static operating point will be at E, the intersection of the grid current
characteristic and the grid loadline through O. If the valve is one with positive
cross-over point, operating at zero bias, the grid static operating point will occur at F.

In all cases considered above, the operating points are for static conditions, and
any large signal vcltages applied ro the grid may have an effect in shifting the operating
point. If the signal voltage swings the grid sufficiently to draw positive grid current,
the operating point will shift as the result of rectified current flowing through R,.

The effect of negative grid current on the maximum grid circuit resistance and the
operation of a-f amplifiers is described in Chapter 12 Sect. 2(iii) and (iv) ; Sect. 3(iv)C
and (v); also Chapter 13 Sect. 10(i).

Fig, 2.1). Grid current characteristics

indicating the possibility of “grid

blocking” with a wvalve operating at
Zero bias.

+ley

— A2 *20 (40 T80 g0V +Ec
“Ecy

“Ies

FIG 2-n

Positive grid voltages and grid blocking

When the grid is made positive, it is bombarded by electrons which cause it to
increase in temperature, and it may have both primary and secondary electron
emission. This current is in a direction opposite to that of positive grid current
flow, and may result in a slight kink in the grid characteristic, or may be severe enough
to cause the grid current in this region to become negative. A typical case of the
severe type is shown in Fig. 2.11, in which the greatest negative grid current occurs
at a positive grid voltage of 70 or 80 volts. Such a valve is capable of ** grid blocking *
if the grid is swung sufficiently positive, and if the grid circuit resistance is high
enough. Grid blocking can only occur if the grid loadline cuts the negative loop of
grid current. In Fig. 2.11 the 0-1 megohm loadline cuts it at points A and B, but
point A is unstable and the grid will jump on to point B and remain there until the
valve is switched off, or the grid circuit resistance decreased until the grid loadline
no longer cuts the curve (e.g. 0.04 megohm in Fig. 2.11).

(iv) Suppressor characteristics :
In some pentodes, the suppressor is brought out to a separate pin, and may be used
for some special purposes. Fig. 2.12 shows the mutual characieristics of a pentode

suitable for suppressor modulation, although typical of any pentode. The curves
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are in the shape of a fan pivoted at the
cut-off point, with the slope controlled
by the suppressor voltage. The curves
of electrode currents versus suppressor
voltage are given in Fig., 2.13, and in-
dicate that the plate current curve rises
fairly stéadily from the point of cut-off
at a high negative voltage but flattens
out while still at a negative suppressor
voltage. The screen current falls as
the plate current rises, as would be
expected, and the suppressor current
commences at a slight positive voltage,
although in this case it becomes negative
at high voltages due to secondary
emission.

The suppressor is occasionally used
as a detector in receivers, instead of a
diode, but its rectification efficiency is
low, since the internal resistance is of
the order of 20000 ohms.

In remote cut-off r-f pentodes the
suppressor is sometimes used to provide
a more rapid cut-off characteristic. A
family of mutual conductance and
plate resistance curves for a typical
remote cut-off pentode are given in
Fig. 2.14.

It will be seen the mutual conduct-
ance for any fixed control grid voltage
(say E, = —3) may be reduced by
making the suppressor voltage nega-
tive. This has the additional effect,
however of decreasing the plate resist-
ance from 0.8 megohm (at E, = 0)
to 35000 obms at E. = —37, for
E,; = —3 volts. The initial rate
of reduction is very steep, and occurs
with all values of control grid voltage.

<

E Iy _]
E N A

s | N /] Ep 2250V
v o2 7 EcasiOOV
§ }\ Ec=~3V
-

lg ' I~ I

a

§ o( Ie

é 1

£ 7 -0 -4 -20 o 20 40
a Suppressor Grid  Voitoge

Fig. 2.13. Suppressor characteristics of
a pentode (6S]7) for fixed control grid,
screen and plate voltages.
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Fig. 2.12. Mutual characteristics of
a pentode (6S]7) for various suppressor
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If the suppressor grid has the same
bias control voltage as the control grid,
the control characteristic will be as
shown by the curve marked “E,, =
E,” but in this case the plate resist-
ance, although initially slightly lower
for E;; = —3 than for E, = 0, rises
rapidly as E, = E4 is made more
negative.

(v) Constant current curves
The third principal type of valve

characteristic is known as the *° Con-

stant Current ” Characteristic. A
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typical family of Constant Current Curves is shown in Fig. 2.15, these being
for a typical triode (type 801). The slope of the curves indicates the ampli-
fication factor, and the slope of the loadline indicates the stage voltage gain.
The operating point is fixed definitely by a knowledge of plate and grid supply volt-
ages, but the loadline is only straight when both plate and grid voltages follow the
same law (e.g., both sine wave). Distortion results in curved characteristics, so that
this form of representation is not very useful except for tuned-grid tuned-plate or -
“ tank-circuit > coupled r-f amplifiers. Constant Current Curves may be drawn
by transferring points from the other published characteristics. For a full treatment
the reader is referred to FIG. 2.14
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. g life Fig. 2.14. Suppressor characteristics of a

During the life of a valve there is .50 cur off
. A " -off pentode (6UT-G) for fixed
always a slow drift which is particularly screen and plate voltages.

apparent in the plate and screen

currents, mutual conductance, negative grid current and the contact potential point.
The direction of drift sometimes reverses one or more times during life. It is as-
sumed here that the valve is operated at constant applied voltages throughout its life.

In general, the grid current crossover point (Fig. 2.9) tends to drift in the positive
direction during life. The movement of the contact potential point results in a
shift of the mutual characteristics which in turn has the effect of reducing the plate
current which flows at a fixed grid bias.

Life tests have been carried out (Ref. A12) for a period of 3200 hours on type 6SL7
high-mu twin triodes. The recorded characteristic was the grid voltage to give a
plate current of 01 mA with a plate voltage of 75 volts. The maximum drift was
0+6 volt (from —1-65 to —1-05 volts), but the majority of the valves did not go out-
side the limits —1-5 to —1-1 volt (0-4 volt drift). In most cases the drift was gener-
ally in a positive direction, but there were two exceptions (cut of a total of twelve
units) which showed a general tendency to drift in the negative direction for the first
hundred hours or so and then to drift in the positive direction, ending up at appzpxi-
mately the same values where they began. However, even those having a positive
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general direction showed rapid changes in the rate of change, and usually at ieast
one temporary reversal of direction. .

It was found that minimum drift occurred for plate currents between 0-1 and 1-0 mA
for indirectly-heated types, or between 10 and 100 pA for small filament types.

This drift occurs in diodes and all types of amplifying valves, being particularly
noticeable in its effects on high-mu triodes (on account of the short grid base) and on
power amplifiers (on account of the decrease in maximum power output). In direct~
coupled amplifiers this drift becomes serious, the first stage being the one most affected.

Most of the drift usually occurs during the first hundred hours of operation. If
stability is required it is advisable to age the valves for at least 2 days, but in some
cases this does not cure the rapid drift. Reference Al2, pp. 730-733.
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Fig. 2.15. Constant current characteristics for a typical small transmitting triode (801).
Fig. 2.16. Triode plate characteristics with loadlines for five va'ues of load resistance.

(viii) Effect of heater-voltage variation

When a valve is being operated so that the plate current is small compared with
the total cathode emission, an increase in heater voltage normally causes an increase
in plate current, which may be brought back to its original value by an increased
negative bias. With indirectly-heated cathodes the increase in negative bias is approxi-
mately 0-2 volt for a 209, increase in heater voltage, whether the valve is a diode,
triode or multi-grid valve (Ref. Al2, p. 421).

This effect is serious in d-c amplifiers ; there are methods for cancelling the effect
(Ref. A12, p. 458).

SECTION 3 : RESISTANCE-LOADED AMPLIFIERS
(#) Triodes (ii) Pentodes.

(i) Triodes

When there is a resistance load in the plate circuit, the voltage actually on the plate
is less than that of the supply voltage by the drop in the load resistor,

Eb — Ebb L) Rlla.

This equation may be represented by what is known as a Load Line on the plate
characteristics. Since the load is a pure resistance it will obey Ohm’s Law, and the
relationship between current and voltage will be a straight line ; the loadline will
therefore be a straight line.
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The static operating point is the intersection of the loadline and the appropriate
characteristic curve. Fig. 2.16 shows several loadlines, corresponding to different
load resistors, drawn on a plate characteristic family. Zero load resistance is indicated
by a vertical loadline, while a horizontal line indicates infinite resistance.

A loadline may be drawn quite independently of the plate characteristics, as in Fig.
2.17. The point B is the plate supply voltage E,, (in this case 300 V); the slope* of
the loadline AB = —1/R; and therefore AO = E,;/R, (in this case 300,50 000 =
0-006 A = 6 mA), The voltage actually on the plate can only be equal to E,, when
the current is zero (point B). At point A the voltage across the valve is zero and the
whole supply voltage is across R, ; this is what happens when the valve is short-
circuited from plate to cathode. The plate current (Ess/R ;) which flows under these
‘conditions is used as a reference basis for the correct operation of a resistance coupled
ampliﬁet (Chapter 12). As the plate voltage, under high level dynamic oonditions,
must swing about the operating point, the latter must be somewhere in the region of
the middle of AB ; the plate current would then be in the region of 0-5 E,,/R ; and
the plate voltage 0- 5 E,,—in other words, the supply voltage is roughly divided equally
between the valve and the load resistance. Actually, the operating point may be
anywhere within the limits 0-4 and 0-85 times E,,/R ;—see Chapter 12 Sect. 2(vi)
and Sect. 3(vi).

In most resistance-loaded amplifiers, the plate is coupled by a capacitor to the grid
of the following valve, which has a grid resistor R, to earth. This resistor acts as a
load on the previous valve, but only under dynamic conditions. In Fig. 2.18 the
loadline AB is drawn, as in Fig. 2.17, and the operating point Q is fixed by selecting
the grid bias (here —6 volts), Through Q is then drawn another line CD having a
slope of —(1/R; + 1/R,); this is the dynamic loadline, and is used for determining
the volrage gain, maximum output voltage and distortion {Chapter 12},

£
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o 100 200 300  voLTS o 100 200 200
FIG 217 £n FIG.2-18 PLATE vOLTS (Ey)

Fig. 2.17. Loadline is independent of valve curves.

Fig. 2.18. Loadlines of resistance loaded triode ; AQB is without gny following grid
resistor, CQD allows for the grid resistor.

The dynamic characteristic is the effective mutual characteristic when the valve
has a resistive load in the plate circuitf. While the slope of the murtual characteristic
is gm Or p/ry, the slope of the dynamic characteristic is u/(r, + R L) Owing to
(r» + R,) being more nearly constant than 7,, the dynamic charactensuc is more
nearly straight than the mutual characteristic.

*The slope of AB is negative since the plate voltage is the difference between the supply voltage and
the voltage drop in R £, and the inverted form (1/R 1) is due to the way in which the yalve characteristics
are drawn with current verdcally und voltage horizontally. The slope of AB is often loosely spoken
of a3 being the resistance of R; ,the negative sign and inverted form being understood.

+It does not make allmv-mce for the follewing grid resistor, and does not therefore correspond to
the dynamic loadline. It is, of course, possible to derive from the dynamic loadline a modifiea dynamic
characteristic which does make allowance for the grid resistor.
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A typical dynamic characteristic is shown in Fig. 2.19 applying to a supply voltage
of 250 volts and load resistance 0-1 megohm ; the mutual characteristics are shown
with dashed lines. :

‘The dynamic characteristic may be drawn by transferring points from along the
loadline in the plate characteristic to the mutual characteristicc. An alternative
method making use of the mutual characteristic is as follows— .

When the plate current is zero, the voltage drop in the load resistance iszero, and
the plate voltage is equal to the supply voltage (250). For the plate voltage to be
200 volts, there must be a drop of 50 volts in the load resistor (100 000 ochms) and the
plate current must therefore be 50/100 000 or 0-5 mA, and so on. A table may be
prepared for ease of calculation :

Plate Voltage Drop in Plate Current
Voltage Load Resistor (= volts drop/R ;)
250 0 0
200 50 0-5 mA.
150 100 1-0 mA,
100 . 150 1-5 mA,
50 ’ 200 20 mA.

It will be seen that this table is not affected by the shape of the valve characteristics.
The dynamic characteristic may then be plotted by taking the intersections of the
various plate voltage curves with the plate current values given in the table.

The dynamic characteristic of a triode is very nearly straight along the central
portion, with curves at both ends, the *‘ upper bend ’ being always in the positive
grid current region.

In
{mA

/
DYNAMIC CHARACTERISTC ,° |
FOR Eg =250 /

R =AM}, / A

Fig. 2.19. Triode dynamic characteristic (sokd kine) for resistance loading.
Fig. 2.20. Ilustrating power dissipation in a resistance-loaded triode.
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FIG. 2:19

Refer to Chapter 12 for further information on resistance coupled amplifiers.

When a resistance-loaded triode is operated under steady conditions, the power
dissipation is indicated by Fig. 2.20. The area of the rectangle OCDB represents
the total power (E;; I,) drawn from the plate supply. The area of the rectangle
OCQK represents the plate dissipation of the valve (E3,/3,) and the area of the rect-
angle KQDB represents the dissipation in the load resistor (Eyy — Epo) o = I1°R .
Under dynamic conditions the plate dissipation decreases by the amount of power
output, and the load resistor dissipation increases by the same amount, provided that
there is no a.c. shunt load and that there is no distortion. The case of transformer-
coupled loads is treated in Chapter 13. T

(ii) Pentodes
Pentodes with resistive loads are treated in the same manner as triodes, the only-
complication being the screen voltage which must be selected at some suitable value
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and maintained constant (Fig. 2.21). The operating point as an amplifier will norm-
ally, as with a triode, be in the region of the middle of the loadline so that the voltage
across the valve and that across R; will be approximately the same. The only
special case is with very low values of R; (e.g. 20000 ohms) where grid current
occurs at approximately E., = 0, thereby limiting the useful part of the loadline.
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Fig. 2.21. Loadlines of resistance-loaded pentode.
Fig. 2.22. Triode plate characteristics and loadline with transformer-coupled load.

With any value of screen voltage, and any value of load resistance, it is possible
to select a grid bias voltage which will give normal operation as an amplifier. With
load resistance of 0-1 megohm and above, pentodes give dynamic characteristics
which closely resemble the shape of triode dynamic characteristics with slightly
greater curvature at the Iower end ; at the upper end, provided that the screen voltage
is not too low, the pentode has a curved portion where the triode runs into grid current.
The top bend of the pentode dynamic characteristic is often used in preference to
the bortom bend for plate detection—see Chapter 27 Sect. 1(ii)C.

For further information on resistance coupled pentode amplifiers, reference should
be made to Chapter 12 Sect. 3.

SECTION 4 : TRANSFORMER-COUPLED AMPLIFIERS

(1) Withresistive load. (it) Effect of primary resistance (iii) Withi-f *voltagé amplifiers
(#v) R-F amplifiers with skiding screen (v) Cathode loadlines (vi) With reacrive loads.

(i) With resistive load '

When the load resistance is coupled to the valve by an ideal transformer, there is
no direct voltage drop between the supply voltage and the plate. The slope cf the
loadline, as before, is —1/R ; but the loadline must be lifted so that it passes through
the operating point. Fig. 2.22 shows a typical triode with E, = 250 volts, and
E. = —10 volts, thus determining the static operating point Q. The loadline AQB
is then drawn through Q with a slope corresponding to a resistance of 30 000 ohms.
It is not taken beyond point A (E, = 0) because in this case it is intended to be a
Class A amplifier, operating without grid current. It is not taken beyond B because
this is the limit of swing in the downward direction corresponding to A in the upward
direction and having twice the bias of point Q (i.e. —20 volts) Of course, AB could
be projected upwards and downwards if it were desired to increase the grid swing
without regard to grid current or distortion.
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(ii) Effect of primary resistance

If the primary circuit includes resistance, the point Q must be determined by draw-
ing through E, a straight line with a slop= of —1/R’, where R’ includes all resistances
in the primary circuit other than the plate resistance of the valve. R’ will include
the d.c. resistance of the transformer primary winding and any equivalent internal
resistance of the plate supply source. Fig. 2.23 is a typical example, with R’ = 1500
ohms, from which point Q can be determined as previously. The total a.c, load on
the valve is then (R, + R'), in this case 31 500 ohms, which will give the slope of
AQB. In these examples it is assumed that fixed bias is used, and that the negative
side of the supply voltage is applied directly to the cathode of the valve.

(iii) With i-f voltage amplifiers

I-F amplifiers, when correctly tuned, operate with the valve working into practically
a resistive load. I-F and r-f amplifier valves are in two principal groups—sharp
cut-cff and remote cut-off.

Sharp cut-off r-f pentodes operate in much the same manner as a-f pentodes, and
the tuned transformer in the plate circuit reduces any distortion which might occur
through non-linearity of the characteristics. The d.c. resistance of the transformer
is usually so small that it may be neglected and the loadline drawn through Q with a
slope corresponding to the dynamic load resistance of the transformer (including
its secondary load, if any, referred to the primary).
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Fig. 2.23. Triode plate characteristics and loadlines with transformer-coupled load,
allowing for the resistance of the primary winding.
Fig, 2.24. Plate characteristics of typical remote cut-off pentode with fixed screen and
suppressor voltages.

Remote cut-off r-f pentodes are similar, except that the mutual characteristics are
curved, and the distortion is greater. Fig. 2.24 shows the plate characteristics of a
typical remote cut-off pentode, with E, = 250 volts. Two loadlines (AQB, A’ Q' B")
have been drawn for grid bias voltages of —3 and —12 volts respectively, with a slope
corresponding to a load resistance of 200 000 ohms, as for an i-f amplifier. This
application of the loadline is not entirely valid, although it gives some useful informa-
tion, since the tuned plate circuit acts as a ** flywheel *” to improve the linearity and
reduce the distortion. This is a case in which constant current curves could be
used with advantage. However, the ordinary plate characteristics at least indicate
the importance of a high Q (high dynamic resistance} second i-f transformer if it
is desired to obtain high output voltages at even moderately high negative bias volt-
ages ; a steeper loadline would reach plate current cut-off at the high voltage peak.

(iv) R-F Amplifiers with sliding screen
Remote cut-off pentodes may have their cut-off points made even more remote
by supplying the screen from a higher voltage {generally the plate supply) through a
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Fig. 225, Plate current characteristic of remote cut-off pentode with *° sliding screen.”.
The straight lines indicate the mutual conductances at several points.

resistor designed to provide the correct screen voltage for the normal (minimum bias)
operating condition. The screen requires to be by-passed to the cathode.

The same method may be used with a sharp cut-off pentode to provide a longer
grid base. This does not make it possible to obtain the same results as with a pro-
petly designed remote cut-off pentode, although it does increase the maximum input
voltage which can be handled with a limited distortion. It is important to remember
that the extended plate current characteristic curve obtained by this method cannot
be used to determine the dynamic slope, since the latter is higher than would be cal-
culated from the characteristic. ‘This is demonstrated in Fig. 2.25 which shows the
¢ gliding screen * plate current characteristic, with straight lines drawn to indicate
the mutual conductance at several points.

The procedure for deriving the “ sliding screen ” plate current characteris-
tic from the fixed voltage data is as follows—

Let plate and screen cutrent curves be available for screen voltages of 50, 75, 100
and 125 volts (Fig. 2.26) and take the case with a series screen resistor (R,) of 250 000
ohms from a supply voltage of 300.

Eo E 4,-9,‘ I gg*‘ Point E a'l' Point I b*
50V 250V 1-0mA A —01 E- 3-7mA
5 225 09 B —17 F 3-15
100 200 0-8 C —33 G 26
125 175 07 D —52 H 21
*The voltage drop in the screen resistance = 300 —Ecs.
*% .3 = Egrop

Rs.
Derived fxom t/he screen characteristics and transferred to the plate characteristics.
Derived from the plate characteristics.

(v) Cathode loadlines
The static operating point with cathode self bias may be determined graphically
by the use of the mutual characteristic. The mutual characteristic of a triode shown
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in Fig. 2.27 applies to the voltage between plate and cathode—the total supply voltage
will be greater by the drop in the cathode resistor R;.

Through O should be drawn a straight line OD, having a slope of —1/R; ohms.
The point P where OD intersects the curve corresponding to the plate-to-cathode
voltage (here 250 V) will be the static operating point, with a bias —E,, and plate
current Iy,

In the case of pentodes, with equal plate and screen voltages, the * triode > mutual
characteristic should be used, if available. With the plate voltage higher than the
screen voltage, the triode mutual characteristic may be used as a fairly close approxi-
mation, provided that the triode curve selected is for a voltage the same as the screen
voltage.

Alternatively, pentodes may be treated as for triodes, except that the slope of OD
should be

_ 1 . I b
Ry Iy + 1,
where I, and I, may be taken to a sufficient degree of accuracy as being the values
under published conditions. The plate current (I,") may then be read from the curve,
and the screen current calculated from the ratio of screen to plate currents.

For the use of cathode loadlines with resistance coupled triodes and pentodes,
refer to Chapter 12,
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Fig. 2.26. Plate and screen current characteristics of pentode illustrating procedure
for deriving “* sliding screen® characteristics,
Fig, 2.27. Triode mutual characteristics with cathode bias loadline OD.

(vi) With reactive loads

When the load on the secondary of the transformer is not purely resistive, the load-
line is normally in the form of an ellipse instead of a straight line. Fig. 2.28 shows
three different examples of elliptical loadlines for purely reactive loads. A purely
capacitive load has exactly the same shape of loadline as a purely inductive one, but
the direction of rotation of the point is opposite, as indicated by the arrows. Curve A
is for a high reactance, curve B for an intermediate value of reactance, and curve C
for a low reactance. In each case the maximum current is E,/X, where E, is the
peak voltage across the reactance and X, = wL for the inductive case, and X, = 1/«C
for the capacitive case. The voltage E, is shown as negative to the right of O, so
as to be suitable for applying directly to the plate characteristics of the valve.
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For convenience in application, the horizontal and vertical scales should be the
same as in the valve characteristics to which the loadline is to be applied. For example,
if on the plate characteristics one square represents 1 mA in the vertical direction and
25V in the horizontal direction, the same proportion should be maintained for the
elliptical loadline. Having drawn the ellipse for any convenient value of E,, it may
be expanded or contracted in size, without changing its shape (that is the ratio of the
major to the minor axis when both are measured in inches).

. <&
(a) Resistance and inductance in series “W

The load is more commonly a combina- A

tion of resistance and reactance. When
the load is a resistance R, in series with
an inductive reactance wl, the maximuom
current through both will be I, and the
procedure is to draw both the straight re-
sistive loadline for R; (AB in Fig. 2.29)
and the elliptical loadline for wL, and then
‘to combine them in series, It will be seen
that in Fig. 2.29 the peak current of the
ellipse and of the resistive loadline are
identical (Z,).

To combine these in series, it is neces-

sary to consider the phase relations. When \4 52
the current is a maximum (OE), the voltage [
drop across R; is a maximum (AE) and

that across L is zero, because there is 90° f16.2:28 : -
phase difference between the voltage and gy 528 Three examples of elliptical
current : the total voltage drop across R - ;
and L in series is therefore AE and point A C00mes for purély reactive loads.
is on the desired loadline. When the current is zero, the voltage drop across R
is zero, and that across L is OC ; the total voltage drop is therefore OC, and point C
is on the desired loadline. At any intermediate point (OF) with current increasing
the voltage drop across R ; is FG, and that across L is FH, so that the total drop is

-1o

FiG.2-29

Fig. 2.29. Resistive loadline (R 1) 5 inductive loadline (wL); and elliptical resultant
Jor R, in series with wL (dashed curve).

F] = FG 4 FH. With similar procedure in the other three quadrants, the com-
bined loadline is shown to be an ellipse CJADB which is tilted, or rotated in the
clockwise direction as compared with the original ellipse. The maximum voltage
drop is greater than that across either R ; or L alone, as would be expected.
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If an elliptical loadline is known, as for example the dashed ellipse of Fig. 2.29,
its series components may readily be determined. Mark points A and B where the
ellipse reaches its maximum and minimum current values, then draw the line AB;
the slope of AB gives R;. Mark O as the centre of the line AB ; draw COD hori-
zontally to cut the ellipse at points C and D.

Then oL = E,/I, ohms,

where E, = voltage corresponding to length OD

and I, = current (in amperes) corresponding to max. vertical height of
ellipse above line COD.
Alternatively

WL = Length of horizontal chord of ellipse through O, in volts

Maximum vertical extent of ellipse, in amperes

(b) Resistance and inductance in parallel

When the load is a resistance R; in parallel with an inductive reactance wl, the
maximum voltage across both will be E,, and the resistive loadline and reactive ellipse
may be drawn as for the series connection. In this case, however, the currents have
to be added. In Fig 2.30 the maximum current through R; is CK (corresponding
to +E,), while the magimum current through L is OE. When the voltage is zero
and increasing, the current through R; is zero, and that through L is the
minimum value OP ; point P is therefore on the desired loadline. When
the voltage is its positive maximum (OC), the current through R; is CK and
that through L is zero; point K is therefore on the desired loadline., Simil-
arly with points E and M. At an intermediate value, when the voltage is negative
and approaching zero (OR), the current through R; is RS, and that through L is
RT ; the total current is therefore RT + RS = RW, and W is on the desired loadline.
The loadline is therefore the ellipse PKEMW.

———— ——
-~ ~~

/
/

\, .
[N~ =L <

Fig. 2.30. Resistive loadline
(R ,); inductive loadline (solid
ellipse); and elliptical re-
sultant for R; in parallel
with o, (dashed curve).

FIG, 2.30 w

If an elliptical loadline is known, as for example the dashed ellipse of Fig. 2.30,
its parallel components may readily be determined. Mark points K and M where
the ellipse reaches its maximum and minimum voltage values, then draw the line KM ;
the slope of KM gives R;. Mark O as the centre of the line KM ; draw EOP vertic-
ally to cut the ellipse at points E and P.

Then oL = E,/I, ohms,
where [FE, = voltage difference between points O and K,
and I, = current corresponding to length OE, in amperes.
Alternatively
ol — Maximum horizontal length of ellipse, in volts

Length of vertical chord of ellipse through O, in a.mperes.

(c) Resistance and capacitance
A similar shape of loadline is obtained when the inductance is replaced by a capacit-
ance of equal reactance, except that the direction of rotation is opposite.
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() Applj_rin.g elliptical loadlines to characteristics

The elliptical loadlines derived by the methods described above may be applied
to the pl.ate characteristics of a valve, but it is first necessary to enlarge or reduce their
size until they just fit between grid voltage curves corresponding to extreme swing

MA

2
[ GRID VOLTS TYPE 6SNY
Ec=o (EACH uNIT)
. [
W
< 18
24}
o . <24
) 100 200 400
FIG.2:31 PLATE VOLTS

Fig, 2.31. Triode plate characteristics with elliptical loadlines corresponding to resistance
25 000 ohms tn series with reactance of 18 000 ohms.

in each direction. The examples taken have all been based on an arbitrary current
(I,) or voltage (E,), which may be made larger or smaller as desired. In Fig. 2.31
there is shown the elliptical loadline corresponding to a resistance of 25 000 ohms in
series with a reactance of 18 000 ohms, on triode plate characteristics with E, = 250
volts, E, = —10 volts and peak grid amplitude E,,, = 8 volts.

TYPE 6V6-GT

v -0
Ec2m250 VOLTS CONTROL GRID VOLTS Eci

)

\\ -20
\.\ N

400 500

]

. 100 200 £ 300
FIG. 232 PLATE vouTs
Fig. 2.32. Beam power amplifier plate characteristics with elliptical loadline corres-

ponding to a resistance of 4750 ohms in parallel with a reactance of 23 000 ohms.

Fig. 2.32 shows a typical beam power amplifier with an elliptical loadline with a
resistive load of 4750 ohms shunted by a reactance of 23 000 ohms. The plate volt-
age is 250 volts, grid bias —12-5 volts, and grid swing from 0 to —25 volts.,
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In all applications of elliptical loadlines to characteristics, the shape of the ellipse -
(i.e. the ratio of its major to its minor axis) and the slope of the major axis are deter-
mined solely by the nature of the load. The ellipse can be imagined as being slowly
blown up, like a balloon, until it just touches without cutting the two curves of extreme
voltage swing. If there is no distortion, the centre of the ellipse will coincide with
the quiescent working point, but in the general case the centre of the ellipse will be

slightly displaced.

SECTION 5 : TRIODE OPERATION OF PENTODES

(3) Triode operation of pentodes (ii) Examples of transconductance calculation (i)
Triode amplification factor (iv) Plate resistance (v) Comnection of suppressor grid.

(1) Triode operation of pentodes

Any pentode may be operated as a triode, provided that none of the maximum
ratings is exceeded, and the characteristics may readily be calculated if not otherwise
available,

When the cathode current of a valve is shared by two collecting electrodes (e.g.
plate and screen) the mutual conductance of the whole cathode stream (i.e. the ¢ triode
£m ") is shared in the same proportion as is the current.

Let I, = cathode current
I,, = screen current
I, = plate current
gm = pentode transconductance (to the plate)
g: = triode transconductance (with screen and plate tied together)
and £« = screen transconductance (with pentode operation).
ThenI, = I+ 1, €))
&t = gm + £, (by definition) @)
and g./g, = I/I; 3

If it is desired to find the screen transconductance, this can be derived from the
expression

84/8m = Lu/l, @

or &g = Ia/I, )]

(ii) Examples of transconductance calculation
Example 1: Type 6]7-G as a pentode with 100 volts on both screen and plate,
and with a grid bias of —3 volts, has the following characteristics :—

Transconductance 1185 micromhos
Plate Current 2:0 mA
Screen Current 0-5 mA

It is readily seen that the cathode current (see equation 1 above) is given by
I, =054 20 =25mA,
The triode transconductance is calculated by inverting equation (3) above,
8i/8m = Iy/1 .
Therefore ¢,/1185 = 2:5/2-0
and g, = 1482 micromhos.

The example selected was purposely chosen so as to have equal plate and screen
voltages. Under these conditions the method is exact, and the calculated triode
mutual conductance applies to the same conditions of plate and grid voltages as for
the pentode operation (in this example 100 volts and —3 volts respectively).

Example 2: Type 6]7-G as a pentode with 250 volts on the plate, 100 volts on
the screen, and —3 volts grid bias.

In this case a similar method may be used, but it is necessary to make an assumption
which is only approximately correct. Its accuracy is generally good enough for most
purposes, the error being wirhin about 5%, for most conditions.
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The assumption (or approximation) which must be made is—That the plate current
of a pentode valve does not change as the plate voltage 1s tncreased from the same voltage
as that of the screen up to the woltage for pentode operation.

. This assumption means, in essence, that the plate resistance is cons1dered to be
infinite—a reasonable approximation for most r-f pentodes, and not seriously in
error for power pentodes and beam power valves.

In this typical example we can take the published characteristics, and assume that
the plate current and transconductance are the same for 100 as for 250 volts on the
plate. From then on the procedure is exactly as in the previous example. It is
important to note that the caiculated triode characteristics only apply for a triode
plate voltage of 100 volts and a grid bias of —3 volts.

Example 3 : To find the screen transconductance under the conditions of Example 1.

From eqn. (2) we may derive the expression—

gy =g — gm = 1482 — 1185
=.297 micromhos.
This could equally well have been derived from eqn. (4) or (5).

(iii) Triode amplificatién factor
The triode amplification factor (if not available from any other source) may be
calculated by the following approximate method.

Let o, = triode amplification factor
E,, = negative grid voltage at which the platc current just cuts off.
and E, = screen voltage.
Then p, = Eu/E., approx. ©

100

For exampie, with type 6j7-G having a screen voltage of 100 volts, the grid bias
for cut-off is indicated on the data sheet as being —7 volts approx. This is the normal
grid bias for complete plate current cut-off, but it is not very suitable for our purpose
since equation (6) is based on the assumption that the characteristic is straight, whereas
it is severely curved as it approaches cut-off. The preferable procedure is to refer
to the plate current-grid voltage characteristic, and to draw a straight line making a
tangent to the curve at the working point-—in this case with a screen voltage of 100
volts and grid bias —3 volts. When this is done, it will be seen that the tangent
cuts the zero plate current line at about —5 volts grid bias. If this figure is used,
as being much more accurate than the previous value of —7 volts, the triode amplifica-
tion factor will be

e = 100/5 = 20.

Alternanvely, if only the plate characteristics are available, much the same result
may be obtained by observing the grid bias for the lowest curve, which is generally
very close to plate current cut-off. :

In the case of remote cut-off characteristics it is essential to adopt the tangent
method, and the result will only apply to the particular point of operation, since the
triode amplification factor varies along the curve.

The amplification factor of the screen grid in a pentode valve with respect to the
control grid is almost exactly the same as the triode amplification factor.

The amplification factor of the plate of a pentode valve with respect to its screen
grid may be calculated from the expression—

Borep = Baregzbrgoep )
where f141., = pentode amplification factor
and Bge-p = screen grid-plate mu factor.

This expression can only be used when the pentode amplification factor is known.
If this is not published, it may be determined from a knowledge of the plate resistance
and mutual conductance. If the former is not published, it may be derived graphic-
ally ; this derivation is only very approxzimate.in the case of sharp cut-off r-f pentodes,
since the characteristics are nearly horizontal straight lines.



36 (iii) TRIODE AMPLIFICATION FACTOR 2.5

For example type 6AU6 has the following published values—

- oz Lss(;"eg"]h;’s‘s } at By =250,E, =125, E, = —1V
from which p = 6675, )
But  pg..; = 36 approx.

Therefore pgs., = 6675/36 = 185 approx.

(iv) Plate resistance

The * plate resistance > of each electrode (plate or screen) in the case of pentode
operation, and the “° triode plate resistance >’ when plate and screen are tied together,
may be walculated from the corresponding values of p and g,,.

(v) Connection of suppressor grid ,

The suppressor may be connected either to cathode or to the screen and plate,
with negligible effect on the usual static characteristics. Some valves have the sup-
pressor internally connected to the cathode, so that there is no alternative. In other
cases, connection to cathode slightly increases the output capacitance. In low level
amplifiers, connection of the suppressor to cathode may give lower noise in certain
cases if there is a high resistance leakage path from suppressor to cathode ; similarly
its connection to screen and plate will give lower noise if there is leakage to the latter
electrodes.

SECTION 6 : CONVERSION FACTORS, AND THE CALCULATION
OF CHARACTERISTICS OTHER THAN THOSE PUBLISHED

(#) The basts of valve conversion factors (i) The use of valve conversion factors (iif)
The calculation of valve characteristics other than those published (iv) The effect of
changes tn operating conditions.

Conversion Factors provide a simple approximate means of calculating the prin-
cipal valve characteristics when all the voltages are changed by the same factor. Itis
possible to make certain additional calculations so as to allow for the voltage of one
electrode differing from this strict proportionality.

(i) The basis of valve conversion factors
Valve Conversion Factors are based on the well-known mathematical expression
of valve characteristics
I, = AE, — pEo)* 1

where I, = plate current
E, = plate voltage
E, = grid voltage
A = a constant depending upon the type of valve
p = amplification factor
and x = an exponent, with a value of approximately 1-5 over the nearly straight

portion of the characteristics.
If we are concerned merely with changes in the voltages and currents, then we can
reduce the expression to the form
I, o (Ey — pE )= 2
Now if we agree to change the grid voltage in the same proportion as the plate
voltage, we obtain the very simple form

I p» OC E 52 (3)
Finally, if we take x as 1-5 or 3/2, we have the approximation
I, oc B3t G

Put into words, this means that the plate current of a valve varies approximately
as the three-halves power of the plate voltage, provided that the grid voltage is varied
in the same proportion as the plate voltage.
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The same result may be obtained with pentodes, provided that both the grid and
screen voltages are varied in the same proportion as the plate voltage. This result
is the basis of Valve Conversion Factors, so that we must always remember that their
use is restricted to cases in which all the electrode voltages are changed in the same
proportion.

Let F, be the factor by which all the voltages are changed (i.e. grid, screen, and
plate), and let I,” be the new plate current.

Then I," o (F.Ey)*2 5)

But Ibl = F{.Ib :
where F, is the factor by which the plate current is changed.

Therefore Fi.I, oc (F..Ey)3/*. (6)
From the combination of (4) and (6) it will be seen that
F;=Fj* Q)

Now the power output is proportional to the product of plate voltage and plate
current so that

P o OC E b-I [ (8)
and P, o€ (F,.Es) (Fi.Iy) )
50 that P, ¢ F,.F;(EyI,) (10)

oc F,.F;(P,). (i1

We may therefore say that the power conversion factor F, is given by the expression
) F,=F,.F; 12)

Therefore F, = F 52, 13)

The mutual conductance is given by
change of plate current

change of grid voltage
Therefore Fom = F;/F, = F*F,=F (14

The Plate Resistance is given by
change of plate voltage

change of plate current
‘Therefore F,=F,F,=F,F}? =F, % : (15)
This also applies similarly to the load resistance and cathode bias resistance.

We may therefore summarize our results so far:—

Em =

r, =

F, = F20" @
F, = Fjn~ 13)
Fym = F .,* ¢}
F, = F,% @5)

These are shown in graphical form on the Conversion Factor Chart (Fig. 2.32A).

(i) The use of valve conversion factors

It is important to remember that the conversion factors may only be used when all
the voltages (grid, screen and plate) are changed simultaneously by the same factor.
If it is required to make any other adjustments, these may be carried out before or
after using conversion factors, by following the method given under (iii) below.

Conversion factors may be used on any type of valve whether triode, pentode or
beam tetrode, and in any class of operation whether class A, class AB1, class AB2 or
class C.

The use of conversion factors is necessarily an approximation, so that errors will
occur which become progressively greater as the voltage factor becomes greater.
In general it may be taken that voltage conversion factors. down to about 0-7 and up
to about 1-5 times will be approximately correct. When the voltage factors are
extended beyond these limits down to 0-5 and up to 2-0, the accuracy becomes con-
siderably less, and any further extension becomes only a rough indication.
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Fig. 232A. Conversion factor chart (by courtesy of R.C.A.).

The example given below is a straightforward case of a pentode valve whose charac-
teristics are given for certain voltages and which it is desired to operate at a lower
plate voltage.

Plate and screen voltage 250 volts
Control grid voltage : —15 volts

Plate current 30 mA
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Screen current 6 mA
Mutual conductance 2,000 pmhos
Power Output 2-5 watts.

It is required to determine the optimum operating conditions for a plate voltage
of 200 volts.

The Voltage Conversion Factor (F,) = 200/250 = 0-8.

The new screen voltage will be 0-8 X 250 = 200 volts.

The new control grid voltage will be —(0-8 X 15) = —12 volts.

Reference to the chart then gives the following :

‘Current Conversion Factor (Fy) 0-72
Mutual Conductance Conversion Factor (F,,,) 0-89
Power Output Conversion Factor (F,) 0-57

The new plate current will be 0-72 X 30 = 21-6 mA,

The new screen current will be 0-72 X 6 = 43 mA.

The new mutual conductance will be 0-89 X 2000 = 1780 pmhos.

The new power output will be 0-57 X 25 = 1-42 watts.

There are two effects not taken into account by conversion factors. The first
is contact potenual, but its effects only become serious for small grid bias voltages.
The second is secondary emission, which occurs with the oid type of tetrode at low
plate voltages ; in such a case the use of conversion factors should be limited to regions
of the plate characteristic in which the plate voltage is greater than the screen voltage.
With beam power amplifiers the region of both low plate currents and low plate
voltages should also be avoided for similar reasons.

The application of conversion factors to resistance-capacitance-coupled triodes
and pentodes is covered in Chapter 12 Sect. 2(x) and Sect. 3(x) respectively.
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Fig. 2.33. Zero bias plate characteristics for type 807 beam power amplifier with six
values of screen woltage (Ref. E2).

Greater accuracy in the use of conversion factors over a wide range of screen voltages
may be obtained, if curves are available for zero bias at a number of different screen
voltages as in Fig. 2.33 (Ref. E2).

When the plate, screen, and grid voltages of a pentode or beam power amplifier
are multiplied by the same voltage conversion factor, the ratio of the plate current
at a given grid bias to that at zero bias does not change. In order to convert a given
family of plate characteristics to a new screen voltage condition, it is therefore only
necessary to have a zero-bias plate characteristic for the screen voltage of interest.
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Example

Suppose that the family of plate characteristics shown in Fig. 2.34, which obtains
for a screen voltage of 250 volts, is to be converted for a screen voltage of 300 volts.
The zero-bias plate characteristic for £,. = 300 volts, which is shown in Fig. 2.33,
is replotted as the upper curve in Fig. 2.35.

Since all bias values shown in Fig. 2.34 must be multiplied by 300/250 = 12,
correspondiug plate characteristics for the new family obtain for bias values that are
20 per cent. higher than those shown in Fig. 2.34. Consider the conversion of
—10-volt characteristic of Fig. 2.34. At a plate voltage (E,* of 250 volts in Fig. 2.34,
AB/AC = 100/187 = 0-535. On the new characteristic in Fig. 2.35 which corres-
.ponds to a bias of —12 volts, A'B’/A’C’ must also equal 0-535 at E, = 300 volts.
Therefore, A'B’ = 0-535 X A’C’. From the given zero-bias characteristic of Fig.
2.35,A’C’ = 244at E, = 300 volts ; hence A'B’ = 131'milliamperes. At E, = 200
volts in Fig. 2.34 DE/DF = 98/183 = 0-535. Therefore, at E, = 200 X 1-2 =
240 volts in Fig. 2.35, D'’E’ = 0-535 x 238 = 127 milliamperes. This process
is repeated for a number of plate voltages and a smooth curve is drawn through the
points on the new characteristic.
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Fig. 2.34. Plate characteristics for type 807 with fixed screen voltage and eight values
of grid wvoltage (Ref. E2).

The factor 0-535 can be used for the —10-volt characteristic at plate voltages
greater than that at which the knee on the zero-bias characteristic of Fig. 2.34 occurs ;
for plate voltages in the immediate region of the knee, a new factor should be deter-
mined for each point. The plate characteristics of Fig. 2.34 should not be converted
to the left of the dashed line of Fig. 2.34 because of space-charge effects. This
limitation is not a serious one, however, because the region over which the valve
usually operates can be converted with sufficient accuracy for most applications. The
converted plate characteristic of Fig. 2.35 for E., = —30 volts was obtained in a
similar manner to that for E, = —12 volts.

The curves of Fig. 2.35 were checked under dynamic conditions by means of a
cathode-ray tube and the dotted portions show regions where measured results de-
parted from calculated results.

(iii) The calculation of valve characteristics other than those pub-
lished

It is frequently desired to make minor modifications in the operating conditions

of a valve, such as by a slight increase or decrease of the plate voltage, change in grid

Fi
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bias or load resistance. It is proposed to describe the effects which these changes
will have on the other characteristics of the valve.

The procedure to be adopted is summarized below :—

FIG. 2.35
: e g e : e e
! : it = S e e e e
- I I sme s T T . T “ m
i : : s : H E 3
o R , = : : a
B H ——— CALCULATED : : : ©
: - MEASURED - Hr= - s
: - e Tt e
F : TR e - 9
: e ssscareets - : S :
k] S : - e : :
: 7
b : : S al - : :
250 e saasassseens i o e iz
z + : Saiiemaiay sy e st s ate e e e
: :
= R —EE L0AD PER TUBE FOR EFFECTIVE PLATE -TO-PLATE i E
1 200 A LOAD OF 6600 OHMS-WITH Ej = 400 VOLTS, EC2= 300
> : r} VOLTS, AND Ecy = -25 VOLTS. @
z B ‘ T DS et 4
3 : : S e T ! n
m : : n s sEe e T : > n
250 s S S T I S s e s : z
@ SR SR : :
] = e e R : s
S : : : . 9
:
2]
: i
E=E : : : e ; a
T ; ; : : . ! : o
" 7 : : e f <
50 : - - oo &+
T T [0
= = = I
: : = t = sl 2
: adodiEIRSEEE : A s L
) : i e SRS R :

ST
PLATE VOLTS (Eb)

Fig. 2.35. Derived plare characteristics for iype 887 with different screen wvoltage,
making use of Figs. 2.33 and 2.34 with conversion factors (Ref. E2).

(a) In the absence of valve curves

Triode—Use conversion factors to adjust the plate voltage to its new value, and
apply the correct conversion factors to all other characteristics ; then adjust the grid
bias to its desired new value by the method given below, and finally adjust the load
resistance.

Pentode or beam power amplifier-—Use conversion factors to adjust the screen
voltage 10 its new value, and apply the correct conversion factors to all other charac-
teristics ; then adjust the plate voltage to the desired new value by the method given
below ; then adjust the grid bias to its desired new value, and finally adjust the load
resistance.

(b) When valve curves are available

Triode with no d.c. load resistance in the plate circuit : Refer to the pub-
lished characteristics to find the maximum plate dissipation ; calculate the mazimum
plate current which can be permitted at the desired new plate voltage ; select a suit-
able plate current for the particular application (which must not exceed the maxi-
mum); and refer to the curves to find the grid bias to give the desired plate current.

If the valve is a power amplifier, the load resistance may be determined by one of
the methods described in Chapter 13 [e.g. triodes Sect. 2(iii) ; pentodes Sect. 3(iii)Al.

Triode with resistor in plate circuit : Use conversion factors, with adjustments
as required in accordance with the method given in (iv) below.

Pentode or beam power amplifier : If curves are available for the published
value of screen voltage, use the method in (iv) below to obtain the characteristics
for a plate voltage such that, when conversion factors are applied, the plate voltage
is the desired value. For example, if curves and characteristics are available for
plate and screen voltages of 250 volts, and it is desired to determine the characteristics
for a plate voltage of 360 volts and screen voltage of 300 volts : firstly determine the
characteristics for a plate voltage of 300 and screen voltage of 250 ; then apply voitage
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conversion factors of 1-2 to the plate, screen and grid voltages so as to provide the
desired conditions.

If curves are available for the new value of screen voltage, use conversion factors
to bring the screen voltage to the desired value, then apply the method below to adjust
the plate voltage, load resistance and grid bias.

(iv) The effect of changes in operating conditions
(4) Effect of Change of Plate Voltages of Pentodes and Beam Power
Amplifiers
(a) On plate current
The plate current of a pentode or beam power valve is approximately constant over
a wide range of plate voltages, provided that the plate voltage is maintazined above the
“knee ” of the curve. The increase of plate current caused by an increase in plate
voltage from E,, to E,, is given by the expression
Al _ AEy _ Ep — Ey |
p =220 02 T U
Ty Ty
In many cases the plate characteristic curves are available, and the change in plate
current may be read from the curves.

(16)

(b) On screen current

In the case of both pentodes and beam power valves the total cathode current
(i-e., plate plus screen currents) js approximately constant over a wide range of plate
voltages (see Fig. 2.4). The increase in plate current from E;, to E,, is approxi-
mately equal to the decrease in screen current over the same range.

FiG,2,.36

Juaax,

oy
s

K| ) B2 N
Emm,

Fig. 2.36. Plate characteristics of power pentode illustrating effect of change of plate
voltage.

(c) On load resistance and power output

The plate characteristics of a typical power pentode are shown in Fig, 2.36 in which
I,, is the * published ” plate current at plate voltage E,; and grid bias —E .. The
Ioadline MP]J swings up to .. at E, = 0 and down to I, at 2E,, the assumption
being made that the 2E,, curve is straight and horizontal over the range of plate
voltages in which we are interested.

If the plate voltage is increased to E;s, the new loadline will be MP'H, the point M
being common to both, since it is at the knee of the characteristic. The quiescent
operating point P’ is at a higher plate current than P, the difference being A 1.
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Since the power output is proportional to the area of the triangle under the loadline,
it is also proportional to the value of the load resistance, all triangles having ML as a
common side. It may readily be shown that :

RL =Eb1—Em(ﬂ

Imaz_Ibl

Ebz_Emt‘n
and R,/ =222 ~—ma,

L Imaz_Ibz

Therefore
ﬁl — Eb2 - Emin . Imaa: - Ibl (17)
RL Ebl_Emin Imaz_lbz
which is also the ratio of the output powers. If I,, = I, or the rise of plate current
is neglected as an approximation, then

RL' Eb2 - Emtn

—L =772 Tmin, (18)
R, Eyy — Epin
As an example, apply this to type 6V6-GT under the following conditions—-
Published Desired
Condition Condition
Plate voltage 250 300 V
Screen voltage 250 250V
Grid voltage —12-5 —125V
Load resistance 5000 {see beiow) ohms
Plate current (I5,) 47 48* mA
Peak plate current (I ,,,.,,,) 90* 90* mA
Min. yml.e cuirent \.: m"u 8* 8% mA
Min. plate voltage (Eiz) 35 35V
Power output 45 (see below) W

*From curve.

Using equation (17)—-

R _300-35 9047 _265 B_
R, 250—35 90-48 215 22

whence R;” = 126 X 5000 = 6300 ohms.

The increase of power output is in proportion to the increase in load resistance.
i.e. P, = 45 X 126 = 5-66 watts.

This method is remarkably accurate when there is very sma.ll recnﬁwnon in the
plate circuit, as is usuzlly the case with power pentodes. With beam power amplifiers
of the 6.6 and 807 class, in which the rectification is considerable (strong second
harmonic component), the * corrected ” loadline should be used as a basis, and the
values of 1,2, 5, and E,,;, should be those corresponding to the corrected loadline.

If the rise in plate current (AI,) is considerable, the point P’ will be above the
centre point of the loadline MH, and there will be an appreciable amount of second
harmonic distortion ; this may be reduced to zero (if desired) by increasing the load
resistance slightly.

(B) Effect of change of load resistance

In a r.c.c. triode the effect of a change in R ; on stage gain is very slight, provided
that R; > 5r,. In any case where the change cannot be neglected, eqn. (7) of
Chapter 12 Sect. 2 may be used to calculate stage gain.

In a r.c.c. pentode the effect of a change in R; on stage gain is given by eqn. (7)
of Chapter 12 Sect. 3, bearing in mind that the mutual conductance at the operating
plate current is increased when R is decreased. As a rough approximation, the
voltage gain is proportional to the load resistance. If optimum operating conditions
are to be obtained, conversion factors should be applied to the whole amplifier—
see Chapter 12 Sect. 3(x)C.
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(C) Effect of change of grid bias :

In any valve which is being operated with fixed voltages on all electrodes and without
any resistance in any of the electrode circuits, a change of grid bias will result in a
change of plate current as given by the expression

Al =AE, X gn (19)
where AI, = increase of plate current,
AE, = change of grid bias in the positive direction,
and g, = mutual conductance of valve at the operating plate current.

In most practical cases, however, the valve is being operated with an impedance
in the plate circuit and in some cases also in the screen circuit. The effect of a change
in grid bias is therefore treated separately for each practical case.

(a) On resistance-coupled triodes

In this case a plate load resistor is used, resulting in a considerable voltage drop
and a decrease in the effective slope of the valve.

The change in plate voltage brought about by a change in grid bias is given by the
expression

Al = AE, X pf(rs + Ry) (20)
where p = amplification factor of valve at the operating point,
rey = plate resistance of valve at the operating point,
and R, = resistance of plate load resistor.

(b) On resistance-coupled pentodes
The change of plate current with grid bias is given by the expression.
Al, = AE, X g4 1)
where g4 = dynamic transconductance at the operating point,
= slope of dynamic characteristic at the operating point.

The change of screen current (with fairly low screen voltages) is approximately
proportional to the plate current up to plate currents of 0-6 E;,/R ; and the change
in screen current is given by the expression .

Al ey = ATy (1.4/I5) approx. (22)
where I., = screen current
and E,, = plate supply voltage.
For further information on resistance coupled valves, see Chapter 12, Sects. 2 and 3.

(¢) On i-f or r-f amplifier

In this case there is no d.c. load resistor and the full supply voltage reaches the
plate of the valve. The change of plate current is given by eqn. (19) while the change
in screen current may be calculated from the ratio of screen and plate currents, which
remains approximately constant. The voltage gain is proportional to the mutual
conductance* of the valve, and is therefore a maximum for the highest plate current
at the minimum bias. A decrease in bias will therefore normally result in increased
gain, while increased bias will result in decreased gain. The limit to increased gain
is set by the plate or screen dissipation of the valve, by positive grid current, and, in
some circuits, by instability. In most cases the mutual conductance curves are pub-
lished so as to enable the change of gain to be czlculated.

(d) On power valves
This subject is covered in detail in Chapter 13.

*The voltage gain is also affected by the plate resistance, but this is quite a seco: effect unless
the plate resistance is less than 0.5 megohm. In most ;emo’te cut-off pegtodu the pxl'f;ryr : mnc: Tails
rapidly as the bias is decreased towards the minimum bias, but this is more than counterbalanced by the
rise in mutual conductance.
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SECTION 7: VALVE EQUIVALENT CIRCUITS AND VECTORS

() Constant voltage equivalent circuit (it) Constant current equivalemt circuit (iif)
Valve vectors.

Much useful information can be derived from an equivalent circuit of a valve, evi
though this may only be valid under limited oondi't?ons. The equivalent circ’uif.';"itsl
f)nly a ?onvenien.t fiction, and it must be remembered that it is the plate supply which,
in reality, su;_aplles the power—the valve merely controls the current by its varying
d.c. plate resistance. The equivalent circuit is merely a device to produce in the
Joa«.:l the same a.c. currents and voltages which are produced by the valve when alter-
nating voltages are applied to its grid.

@ VALVE ~LoAD
w $ —whaetBi -t Fig. 237, (4) Equivalent
T: ) E : : ' I circust of valve using constant
#Eg g E pEq Comflz - valtagg generator (B) Equiva-
Ao v \ |+ lemt circust of valve and load.
R B A
Ky HLH ]

FIG. 2:37

(i) Constant voltage equivalent circuit .

The simplest equivalent circuit treats the valve as an a.c. generator of constant
r.m.s. voltage pE,, which is applied through an internal generator resistance r,
(Fig. 2.37A). This is valid for small alternating voltages (under which conditions
the characteristics are practically uniform) but is of no assistance in determining
direct currents or voltages, phase angles or operating conditions. It is also limited
to frequencies at which the effects of capacitances are negligible.

This may be elaborated, as in Fig. 2.37B, with the inclusion of the input circnit
GK and the load Z,. The input voltage E, is shown by the - signs to be such that
the grid is instantaneously positive, and the plate negative (with respect to the cathode)
at the same instant. It is assumed that the grid is biased sufficiently to prevent grid
current flow. :

The current I, flowing through the load Z; produces across the load a voltage E;
which is of opposite sign to E;. It will be noted that the * fictitious >’ voltage nE,
is opposite in sign to E,, although p is positive ; this apparent inversion is a conse-
quence of treating the valve as an a.c. generaror.

In the simplest case, Z; is a resistance R;. We can then derive the following

reladonships— .
uEy = (1‘, +R])Iﬂ I ¢y
- — —uE L
E; = '_IpRL = Fbvr, T RL (3]
and % = voltage gain = — ﬁ 3)
If the load is made up of a resistor R ; and an inductor X ; in series—
Complex Values Scalar Values
Z, =R, +jX, VR *+ X;? 4)
E, = (r» + Ry, + X I, Vi, + Rt + X, ®)
E, _ _ MR, +iX) VR X ©
E r,+RL+jXL ‘\/("'L“"121‘)2“")(1‘s

and six;xilarly for any other type of load.
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The interelectrode capacitances are shown in the equivalent circuit of Fig. 2.38,
and may be taken as including the stray circuit capacitances. This circui* may be
applied at frequencies up 0 nearly 10 Mc/s, beyond which the inductances of the
leads and electrodes become appreciable. It may also be applied to a screen grid
(tetrode) or pentode, provided that the screen is completely by-passed to the cathode ;
in this case C, becomes the input capacitance (C,y.; + Cyy.,.) and C, ;. becomes
the output capacitance (C, to all other electrodes).

(ii) Constant current equivalent circuit

- An alternative form of representation is the constant current generator equivalent
circuit (Fig. 2.39), this being more generally convenient for pentodes, in which the

plate ;sistance is very high. Either circuit is equally valid for both triodes and

pentodes.

Fig. 2.38, Eguivalent circuit of

s e valve on load, with interelectrode
l ' ’[ capacitances.
3
L S
FIG. 238

Fig. 2.39. Egutvalent circuit of
valve on load, using constant
current generator,

lngpE » 5:
[

FIG. 2:39.

Fig. 2.40. Eguivalent circust of

¢ | Lo P
I I L valve on load, using constant
g doiais
< c‘l“I ¢.§ 'vj ok current generator, with inter
o- ! &

electrode capacitances.

K
F1G. 2-40

In the constant voltage generator equivalent circuit, the current varies with load
impedance and plate resistance ; in the constant current equivalent circuit, the voltage
across the load and plate resistance varies with load impedance and plate resistance.

A constant current generator equivalent circuit, in which account is taken of
capacitances, is shown in Fig. 2.40. This circuit may be applied at frequencies
up to nearly 10 Mc/s, beyond which the inductances of the leads become appreciable.
It will be seen that C,; (which may be taken to include all capacitances from plate
to cathode, and the output capacitance of a pentode) is shunted across both 7, and Z ;.
In the case of a resistance-capacitance coupled stage, Z; would be the resultant of
R, and R, (following grid resistor) in parallel.

Mazximum power output is obtained when the valve works into a load resistance
equal to its plate resistance provided that the valve is linear and completely distortion-
less over the whole range of its working, and also that it is unlimited by maximum
electrode dissipations.or grid current. In practice, of course, these conditions do
not hold and the load resistance is made greater than the plate resistance.

At frequencies of 10 Mc/s and above, the effects of the inductance of connecting
leads (both internal and external to the valve) become appreciable. Although it
is possible to draw an equivalent circuit for frequencies up to 100 Mc/s, in which
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each capacitance is split into an electrode part and a circuit part (Ref. B21 Fig. 38)
the circuit is too complicated for analysis, and the new circuit elements that have
been introduced cannot be measured directly from the external terminals alone.

At frequencies above about 50 Mc/s, transit time effects also become appreciable.
The circuit which is commonly used for frequencies above 50 Mc/s is Fig. 2.47 in
which the valve is treated as a four terminal network with two input and two output
terminals, This is. described in Sect. 8(iii)e.
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- (iii) Valve vectors - .

Vectors [see Chapter 6 Sect. 5(iv)] may be used to illustrate the voltage and current
relationships in a valve, but great care must be taken on account of the special con-
ditions. Vectors are normally restricted to the representation of the a.c. voltages and
currents when the grid is excited with 3 sine-wave voltage limited to such a value that
the operation is linear. The grid and output voltages (with respect to the cathode)
are normalily of opposite polarity when the load is resistive ; under the conditions
noted above this is almost the same as being 180° out of phase except there is no half-
cycle time lag between them.

The voltage and current relationships for a resistance loaded valve are shown in
Fig. 2.41; peak total plate current occurs with peak positive grid voltage and results
in maximum voltage across the-load (¢;) and minimum voltage from plate to cathode
{es). It will be seen that e, + ¢; == E,, (the supply voltage) under all conditions,
and that e; is naturally measured in the downward direction from E,;. If only
alternating components are considered, a negative peak e, corresponds to a positive
peak e, and a negative peak ¢;. If the supply voltage E;; is omitted from the equival-
ent circuit, we are left with ¢, = —e,. . :

Each case must be considered individ