
CONTENTS

Preface vii

Chapteb 1―Introduction 1

1.1 Devices Using Electron Tubes 1

Radio Receivers―Radio Transmitters―Long-distance Wire Tele-

phones―Television Systems―Measurement Devices―IndustrialCon-

trol

1.2 Functions of Vacuum Tubes 2
Rectification―Amplification―Oscillation―FrequencyConversion―

Modulation ― Detection ― Light-image Production ― Photoelectric

Action

Chapteb 2―Basic Tube Types 5

2.1 Vacuum Diode 5

2.2 Vacuum Triode 6

2.3 Screen-gridTube 7

2.4 Pentode 8

2.5 Beam-power Tube 9

2.6 Cathode-ray Tubes 12

2.7 Klystron 13

2.8 Magnetron 15
2.9 Phototubes 17

Chapteb 3―Electrons and Ions 19

3.1 The Electron 19

3.2 The Proton 19
3.3 Other Fundamental Particles 20

3.4 Atoms and Molecules 20

3.5 Ions 22

Chapteb 4―Electronic Emission 23

4.1 Theory of Thermionic Emission 24
Work Function―The Emission Equation―Types of Emitter

4.2 Emission of Pure Metals 35

Tungsten―Tantalum

4.3 Atomic-filmEmitters 39

4.4 Oxide Emitters 42

Theory of Oxide Emission―Activation of Oxide Emitters―Specific

Emission Characteristics―TransientEmission

4.5 Schottky Effect 46

4.6 Contact Differenceof Potential 48



4.7 Secondary Emission 4g

Variation of Secondary Emission with Primary-electron Potential―

VelocityDistributionof Secondary Electrons―Variationof Secondary

Emission of Composite Layers―Secondary Emission ofInsulators

Chapter 5―Determination op Potential Fields 58

5.1 Units and Dimensions 58

5.2 Fundamental Quantitiesand Definitions 59

Forces between Charges

5.3 Solutionof PotentialFieldsby Summation ofIntensities 61

5.4 Summation of Potentials 62

5.5 Gauss'sLaw 64

5.6 Poisson'sand Laplace'sEquations 67

Interpretationsof Laplace's Equation―Solutions of Laplace's Equa-

tionin Two Dimensions―DifferenceForm of Laplace'sEquation

5.7 Elastic-membrane Models of Potential 75

5.8 Current-flowModels of Potential 76

5.9 Sketching of Flux and PotentialFields 80

PropertiesUsefulin Sketching Fields

5.10 Method of Conformal Transformations 82

Complex Functions SatisfyLaplace'sEquation―Definitionof Analytic

Functions―The Logarithmic Transformation―The Function W = Z1/n

Chapter 6―Laws of Electron Motion 97
6.1 Electronin a Uniform ElectricField 97

6.2 InitialVelocitynot Parallelto Field ･ . . 99

6.3 ElectrostaticDeflectionof Cathode-ray Beams 101

6.4 RelativityCorrectionfor Velocity 103

6.5 Two-dimensional ElectricFields 107

6.6 Electronin a Uniform Magnetic Field Ill

6.7 Behavior of Electronsin Nonuniform Magnetic Fields 114

6.8 Combined Electricand Magnetic Fields 116

6.9 Approximate Numerical and Graphical Methods for Determining Elec-

tron Paths 121
Method of Joined CircularSegments―Use of Elastic-membrane Model

of Potentialto Determine ElectronPaths―Applicationof the Principle

of Least Action

Chapter 7―The Electrostatic Field o.f a Triode 125
7.1 Method of Solution 125

7.2 ElectrostaticField of a Plane-electrodeLow-mu Triode 125

Contour Representationof PotentialField―ProfileRepresentationof

PotentialField
7.3 ElectrostaticField of a Low-mu Cylindrical-electrodeTriode 135

Potential Contours of a CylindricalTriode―PotentialProfilesof a

CylindricalTriode

7.4 Analysisof the High-mu Triode 142

PotentialContours and Profiles―AmplificationFactor of a High-mu

Plane-electrodeTriode―Amplification Factor of a High-mu Cylin-

dricalTriode



7.5 The Equivalent Electrostatic Circuit of a Triode 152

7.6 Equivalent-diode Spacing of a Triode 153

Diode Equivalent to a Plane-electrode Triode―Diode Equivalent to

a Cylindrical-electrode Triode

7.7 Application of Amplification-factor Formulas to Actual Triodes 156

7.8 More Accurate Amplification-factor Formulas 158

Formula for Small Grid-plate Spacings―Formulas for Small Screening

Fraction―Formula for Small Cathode-grid Spacings

7.9 Amplification Factor of Unconventional Tubes 165

Chapter 8―Space-charge Effects 168

8.1 Effects of Current Flow 168

8.2 Plane-electrode Space-charge Flow 170

8.3 Cylindrical-electrode Space-charge Flow 173

8.4 Space-charge Flow for Other Geometries 181

Spherical Electrodes―The General Case

8.5 Current Law for Plane Triodes 183

Current Law in Terms of Electrode Dimensions

8.6 Mutual Conductance of a Plane Triode 188

8.7 Mutual Conductance of a Cylindrical Triode 188

8.8 Effect of Filamentary Emitters 189

8.9 Effect of Initial Electron Velocity 191

8.10 Effect of Space Charge upon Transit Time in Diodes 195

8.11 Summary 198

Chapter 9―Triode Characteristics 201

9.1 Control Action of the Grid 201

9.2 Current-voltage Characteristics of the Triode 202

Plate-current-Grid-voltage Characteristics ― Plate-current-Plate-

voltage Characteristics―Contours of Constant Plate Current―The

Plate-current Surface

9.3 Definition of Triode Constants 205

Amplification Factor―Mutual Conductance―Plate Resistance―Re-

lation between Tube Constants―Variation of Tube "Constants"

9.4 Effective Tube Constants of Combinations of Tubes 212

9.5 Electron Paths 213

9.6 Grid Current 218

Grid-current-Grid-voltage Characteristics―Grid-current-Plate-vol-

tage Characteristics―Constant-grid-current Contours―The Grid-cur-

rent Surface―Effect of Secondary Electrons

9.7 Primary-grid-current Law 224

Current-division Factor―Approximate Primary-grid-current Law―

Current-division-factor Formula―Current-division Law in the Pres-

ence of Secondary Emission

Chapter 10―Tetrodes 238

10.1 Types of Tetrode 238

10.2 Current-voltage Characteristics of the Screen-grid Tube 238

Plate-current-Plate-voltage Characteristics of Screen-grid Tube―

Screen-current-Plate-voltage Characteristics of the Screen-grid Tube―

General Characteristics of Screen-grid Tubes



10.3 Beam-power Tubes 245

10.4 The ElectrostaticFieldof a Beam-power Tube 245

10.5 Space-charge Effectsin the Screen-grid-Anode Region of Beam-power

Tubes 248

Type A Distribution―Type B Distribution―Type C Distribution―

Type D Distributions

10.6 Dynamic Characteristicsof Beam-power Tubes 259

Injected Current Varied,PotentialsConstant―Plate PotentialVaried,

Screen Potentialand Injected Current Constant

Chapter 11―Pentodes 266

11.1 Electrode Arrangement in a Pentode 266

11.2 Current-voltageCharacteristicsof the Pentode 267

Plate-current-Control-grid-voltageCharacteristics― Plate-current-

Plate-voltageCharacteristicsof a Pentode―Space-current-Plate-vol-

tage Characteristicsofthe Pentode―Screen-grid-current-Plate-voltage

Characteristicsof a Pentode―Suppressor-gridEffects

11.3 Current Divisionin Pentodes 272

11.4 AmplificationFactor of a Pentode 278

ElectrostaticField of a Pentode―ElectrostaticAmplificationFactor

of a Pentode―True AmplificationFactor of a Pentode

11.5 Transconductance of a Pentode 288

11.6 Plate Resistanceof a Pentode 288

11.7 Design Considerations 289

Chapter 12―Noise in Vacuum Tubes 298

12.1 Noise as a Limiting Factor in the Ultimate Sensitivityof Electronic

Devices 298

12.2 Noise in Resistors 299

12.3 Sources of Noise in Tubes 305

12.4 Shot Noisein Diodes with Temperature-limited Emission 306

12.5 Reduced Shot Effectin Diodes with Space-charge-limitedEmission 308

12.6 Reduced Shot Effectin Triodeswith Space-charge-limitedCurrent 310

12.7 Noise Due to Gas in Tubes 312

12.8 Reduced Shot Effect in MultielectrodeTubes with Space-charge-

limited Currents 313

12.9 Noisein Mixer Tubes 314

12.10 Noise Induced at Ultra-highFrequenciesby Random Emission. 316

12.11 Noise in Velocity-modulationTubes 317

12.12 Noise in Phototubes 318

12.13 Noise in Secondary-emissionMultipliers 319

12.14 Definitionof Noise Figure 321
Noise Figure forTwo Networks in Cascade

12.15 Measurement of Noise and Noise Figure 325

Typical Tube-noise Values

Chapter 13―Electrostatic Electron Optics 328

13.1 Introduction 328
Snell'sLaw―The Principleof Least Action―Simple Lenses―Lena

Formulas



13.2 Electrostatic-lensFields. 337

General Form of Fieldswith Rotational Symmetry―The Equal-diam-

eter Two-cylinder Lens―Equal-diameter Spaced Cylinders―Two-

diameter CylinderLenses―Aperture Lenses

13.3 Electron Paths 349

13.4 General Lens Properties 350

Thin Lenses―Thick Lenses

13.5 Calculationof Lens Characteristics 360

Method of Linear Axial-potentialSegments―Method of Equivalent

Thin Lenses

13.6 Measurement of Lens Characteristics 365

Double-grid Method of Measuring Lens Characteristics

13.7 OpticalCharacteristicsof Lenses 369

13.8 Calculationof Lens Characteristics 375

13.9 P-Q Curves of Lenses 377

Comparison of Lenses―The Eimel Lens

13.10 Aberrations 387
Chromatic Aberration―Coma―Astigmatism―Curvature of Field―

Distortionof Field―SphericalAberration―Other Lens Defects

Chapter 14―Magnetic Lenses 394

14.1 Focusing Action of Axial Magnetic Fields 394

14.2 Magnetic Fieldswith Rotational Symmetry 396

14.3 Electron Motion in a Magnetic FieldExpressed in CylindricalCoordi-

nates 397
14.4 DifferentialEquations of Motion of the ParaxialElectron 398

14.5 Focusing Propertiesof Magnetic Lenses 399

General―Magnetic Lens of a CircularTurn of Wire―The Glazer Lens

14.6 PracticalMagnetic Lenses 404

14.7 Magnetic-lensDefects 405

14.8 The General Equations of Motion in Combined Electricand Magnetic

Fields 406

Chapter 15―Cathode-rat Tubes 412

15.1 The General Form of Cathode-ray Tubes 412

15.2 Electron-gun Design 414

Cutoff Relationsin the Electron Gun―Electron Paths in the Electron

Gun―Focusing System―AlternativeElectrode Structures

15.3 DeflectionDevices 425

ElectrostaticDeflectingPlates―Magnetic Deflection―RelativeMerits

of Electrostaticand Magnetic Deflection―Visualversus Deflection

Sensitivity―PostdeflectionAcceleration

15.4 FluorescentMaterials 429
Definitions―GeneralMake-up of Phosphors―Luminous Propertiesof

FluorescentMaterials―ElectricalCharacteristicsof Phosphors

15.5 Limitationsof Spot Sice 437

Effect of Thermal Velocity of Emission―Space-charge Limitation of

8pot Sue―Effect of Secondary Emission―Halation



15.6 High-efficiencyCathodes 449

Parallel Flow of a Rectangular Beam―Parallel-flow Cylindrical
Beam―Convergent Radial Flow of a ConicalBeam

15.7 Ultra-high-frequencyDeflectionEffects 465

15.8 Photography of Cathode-ray Traces ' 470

Beam Power―Screen Types―Writing Speed―Time, Stop, and Mag-

nification―FilmSensitivity―Developersand Development

Chapter 16―Ultra-high-freqtjency Effects in Conventional Tubes 475
16.1 Introduction 475

16.2 Causes of Decreased Output at Ultra-high Frequencies 475

16.3 Onset of Tube-reactance Limitations 477

16.4 The Nature of Currents Induced by Electron Motion at Ultra-high

Frequencies 482

The General Case―The Diode without Space Charge―The Diode with

Space Charge―Currents Induced in the Electrodesof a Triode

16.5 Onset of Transit-timeEffectsin Triodes 490

16.6 Transit-timeEffectsin the Space-charge-limitedDiode 495

16.7 Small-signalTransit-timeEffectsin the Space-charge-limitedTriode 501

16.8 Similitudeand Scalingin Ultra-high-frequencyTriodes 504

16.9 High-frequency Limit of Triode Oscillation 507

16.10 Large-signalEffects 516

Transit-time Effectsin Diodes―Transit-time Effectsin Triodes―

Transit-timeEffectsin Tetrodes―The Resnatron

16.11 Disk-sealTubes 524

Chapter 17―Velocity-modulated Tubes or Klystrons 527
17.1 The Bunching Principle 527

17.2 Cavity Resonators 529

17.3 Mechanism of Energy Interchange between Electrons and Cavity

Resonators 537

17.4 First-orderBunching Theory 541

17.5 The Klystron Amplifier 556

Structureof the Klystron Amplifier―Output Power of the Klystron

Amplifier―Efficiencyof the Klystron Amplifier―Mutual Conductance

of the Klystron Amplifier―Power Required to Bunch the Beam

17.6 The Cascade Amplifier 564

17.7 Frequency-multiplierKlystrons 566

17.8 Second-orderBunching Effects 567

17.9 The Reflex-klystronOscillator 571

Behavior of Electronsin the ReflectorSpace―Distance-timeDiagram

ofa Reflex-klystronOscillator―BunchingTheory of the Reflex-klystron

Oscillator―Self-admittanceof the Beam―Mechanism by Which

OscillationsStart―Variationof Beam Conductance with Amplitude

of Oscillation―TheElectronic-admittanceSpiral―Reflex-klystronOs-

cillationwith a Simple Resonant Circuit―Power Relationsin the

Reflex-klystron Oscillator―Voltage Stability of Reflex-klystron

Oscillators

17.10 Broad-band Operation of Reflex-klystronOscillators 591

Equivalent Circuitof Concentric-lineResonator―PossibleModes of



Oscillation―Method of Calculating OscillationMode Plot―Mode

Interference

17.11 The Two-resonator Klystron Oscillator 606

17.12 The Heil Tube 616

17.13 Bunching Effectsin Negative-gridTubes 616

Chapter 18―Magnbtkon Oscillators 621

18.1 Introduction 621

18.2 StructuralForm of Magnetrons 622

18.3 Resonant Propertiesof Multicavity Magnetrons 625

18.4 Electron Behavior in Crossed Static Magnetic and Static Electric

Fields:Plane Case 631

18.5 ElectronBehaviorin Crossed Magnetic and AlternatingElectricFields:

Plane Case 636

Alternating Transverse Electric-fieldEffect of a Traveling Electric
Field

18.6 Electron Behavior in Crossed Magnetic and Radial ElectricFields . . 642

18.7 The Effectof Space Charge 648

18.8 Electron Behaviorin Crossed Magnetic and AlternatingRadial Electric

Fields 651

18.9 Basic Design Relationsfor Multicavity Magnetrons 660

18.10 Dimensional Relationsin Magnetrons 665

18.11 Output Characteristicsof Magnetrons 667

Chapter 19―Photoelectric Tubes 675

19.1 The General Form of PhotoelectricTubes 675

19.2 Fundamental PhotoelectricRelations 675

19.3 History of the PhotoelectricEffect 676

19.4 SpecificPhotoemission Characteristics 677

19.5 Fundamental Theory of Photoemission 681

19.6 SpectralResponse Curves of Photoemissive Surfaces 683

19.7 Vacuum-phototube Characteristics 684

Current-voltageCharacteristics―SpectralCharacteristics

19.8 Gas-phototube Characteristics 688

Factorsin the Design of Gas Phototubes―Frequency Distortionin Gas

Phototubes―Summary of Gas-phototube Characteristics

19.9 Utilizationof Phototube Characteristics 693

19.10 PhotomultiplierTubes 694

Chapter 20―Special Tubes 701

20.1 Introduction 701

20.2 The Hexode 702

20.3 The Heptode 710

20.4 The Pentagrid Converter 714

20.5 The Octode 716

20.6 Space-charge Grid Tubes 717

20.7 Negative-resistanceTubes 718
Glow-discharge Tubes―The Dynatron―Direct-coupled Negative-

resistanceDevices―Negative Screen-grid Resistance of a Pentode―



Push-pull Negative-resistance Circuit―Feedback Circuits―Special

Negative-resistanceTubes

20 8 Negative-transconductanceTubes 723

20.9 Electron-rayIndicator Tubes 723

20.10 Directed-rayElectron Tubes ･ 724

20.11 DeflectionTubes 727

20.12 TelevisionCamera Tubes 728

The Image-dissectorTube―The Iconoscope―The Image Iconoscope―

The Orthicon―The Image Orthicon―The Monoscope

20.13 The ElectronMicroscope 738

Structureofthe ElectronMicroscope―Equivalent Wave Length ofElec-

trons―TheoreticalResolving Power of the Electron Microscope―

Operating Principleof the Electron Microscope―Limits of Resolving

Power―ElectrostaticElectron Microscopes

Chapter 21―High-vacuum Practice 747

21.1 Introduction 747

21.2 Fundamental Gas Laws 749

Boyle'sLaw―Charles's Law or Gay-Lussac'sLaw―Avogadro's Law―

General Gas-expansion Law―Distribution of Velocitiesin a Gas―

Mean Free Path of a Gas Molecule―Mean Free Path of an Electron
among Gas Molecules

21.3 Measurement of Vacuum 757

Manometers―The McLeod Gauge―The Spark-dischargeTube―The

Pirani Gauge―The Thermocouple Gauge―Triode Ionization Gauge

21.4 Pumping Speed 775

Speed of an Aperture―Definitionof Pump Speed―Speed of Tubing―

Effectof Tubing Upon Pumping Speed

21.5 Production of Low Vacuum 780

21.6 Production of High Vacuum 781

The Mercury-diffusionPump―Oil Pumps―Fractionating Pumps

21.7 Glass and Its Properties 791

Composition of Glass―Physical Properties of Glass―Working of

Glass

21.8 Sealingof Glass to Other Materials 796

Sealingof Small Leads Into Glass―Copper-to-glassSeals―Kovar and

Fernico―Glass-to-porcelainSeals―Glass-to-micaSeals

21.9 Metals Usefulin Tube Construction 801

Nickel―Copper―Aluminum―Molybdenum―Tantalum―Tungsten―

RelativePropertiesof the Metals―Spot Welding

21.10 Insulators 807

21.11 Degassing of Glass and Metals 808

21.12 Getters , 809

Appendixes

I. Propertiesof the Elements 811

II. DifferentialOperators and Vector Notation 813

III. A Note on Mks Units 817

IV. Characteristicsof FluorescentScreens 821



V. SurfaceResistanceand Depth of Penetrationof Current Resulting
from SkinEffects 822

VI. PrincipalPropertiesof theBesselFunctions 823
VII. Valuesof a1as a Functionofrjr forusein Eq. (15.63) 825
VIII.Nomographic ChartRelatingObjectand Image DistancetotheFocal
Length ofa Thin Lens 826

IX. Nomographic ChartRelatingTube Constants 827
X. DesignationofFrequencyBands 828

Problems 829

Name Index 849

Subject Index 853


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

