
 i 

Contents 
Preface                     vi  
Acknowledgements                  vii 
 
1. The Common Cathode, Triode Gain Stage          1 
 Fundamentals of amplification              1 
 The load line                   3 
 Biasing and distortion               4 
  Grid-current limiting               7 
  Cut-off                   9 
  Headroom: input sensitivity and the threshold of clipping     10 
 Limitations on bias                 12 
 Applying bias                  14 
  Fixed bias                  14 
  Cathode bias                  14 
  Grid-leak bias                 15 
 Designing a simple, triode gain stage            15 
  Choosing the anode load resistor           15 
  Choosing the cathode bias resistor            17 
  The cathode load line               18 
  Choosing the grid-leak resistor             19 
  Calculating power ratings             20 
 The valve constants                21 
   Transconductance                21 
  Amplification factor                22 

Anode resistance                22  
 Mathematical treatment of a gain stage           23 
  The cathode bypass capacitor             25 
  Other cathode bypass circuits             28 
  Input and output impedance             31 
  The Miller effect                 32 
  Cathode biasing with diodes             34 
 Summary of formulae                36 
 
2. Coupling                    38 
 The amplifier’s input                38 
  The input grid-stopper              39 
 Fundamentals of interstage AC coupling           41 
 The AC load line                 43 
 Blocking distortion and grid stoppers            46 
 Practical AC coupling networks             48 
  Wide-band attenuation               48 
  Treble boost (bass cut) and ‘bright’ capacitors        50 
  Treble cut (bass boost) and anode bypass capacitors       54 
 DC coupling                   57 
  Direct coupling                 57 
  Level shifting                 60 
 Summary of formulae                64 



 ii

 
3. The Small-Signal Pentode               66 
 The suppressor grid (g3)               66 
 The screen grid (g2)                67 
  The effect of screen voltage             68 
  The effect of screen current              70 
 Pentodes connected as triodes              72 
 Noise in pentodes                 73 
 Designing pentode gain stages              75 
  Choosing the anode resistor             75 
  Choosing the screen voltage             77 
  Adapting the anode characteristics for any screen voltage    81 
  Choosing the cathode bias resistor            82 
  Designing the screen-supply circuit           84 
 Mathematical treatment of the pentode gain stage        87 
  Gain                    87 
  The effect of screen bypassing             87 

The effect of cathode bypassing            90 
  Output impedance                92 

Input capacitance                92 
Switchable and variable pentode designs           92 
 Triode/pentode switches              93 
 Variable screen bypassing              94 
 Triode/pentode ‘morph’ control            95 
Summary of formulae                97 
 

4. Valves in Parallel                 100
 The Matchless input stage               103 

The common-anode mixer               105 
Switchable designs                 109 
 

5 .The Cathode Follower                113 
Fundamental parameters of the cathode follower         113  
 Gain                   113 
 Input capacitance                114  
 Input impedance                 114  
 Output impedance               114 
Graphical analysis                 115 
Biasing arrangements for AC-coupled cathode followers      118 
 Fixed bias                  118 
 Cathode bias                  119 
DC-coupled cathode followers              122 
The pentode as a cathode follower             125 
Cathode followers in guitar amps             126  
Bootstrapping for more gain              131 
Summary of formulae                135 
 
 



 iii

 
6. The Cascode                   137 

Basic operation of the cascode              137 
The effect of the ‘screen grid’ voltage            138 
Deriving anode-characteristics graphs            140 
Fundamental parameters of the cascode           143 
 Gain                    143 
 Input capacitance                143 
 Output impedance                144 
Designing a cascode                 144 
 Applying fixed bias to the upper triode          147 
 Choosing the cathode bypass capacitor          148 
 Applying cathode bias to the upper triode          150 
 Applying grid-leak bias to the upper triode         152 
Current-boosted cascodes               154 
Summary of formulae                157 

 
7. The Cathodyne Phase Inverter             159 

Fundamental parameters of the cathodyne phase inverter      160 
 Gain                    160 
 Input capacitance                161 
 Input impedance                 161 
 Output impedance                161 
 Output bandwidth                162 
Designing a cathodyne                163 
Biasing arrangements for AC-coupled cathodynes        165 
 Fixed bias                  165 
 Cathode bias                  166 
DC-coupled cathodynes                168 

 Overload characteristics of the cathodyne           169 
  The ‘gain-spike’ effect               169 
  The frequency-doubling effect             170 
  Avoiding unpleasant distortion effects           172 
 Bootstrapping for gain                173 
 Summary of formulae                174 
 
8. The Long-Tailed Pair Phase Inverter           176 
 Basic operation of the long-tailed pair            176 

Fundamental parameters of the long-tailed pair         177 
 Input capacitance                179 

Input impedance                 179 
Output impedance               179 
Input sensitivity                 180 

Designing a long-tailed pair              180 
DC-coupled long-tailed pairs              182 
AC-coupled long-tailed pairs              184 

  Fixed bias                  184 
  Cathode bias                  185 



 iv 

Global negative feedback and the long-tailed pair        187 
A worked example; the Fender 5F6-A Twin Amp        189 
The presence control               192 
Variable feedback                194 

Presence control without global negative feedback        195 
 ‘Scale’ control                  196 
 Overload characteristics of the long-tailed pair         197 
 Summary of formulae                199 
 
9. Feedback Theory                 201 
 The universal feedback equation             201 
 Practical, local-feedback amplifiers            203 
 Effect on linearity, noise and frequency response         204 
 Effect on input and output impedance            206 
 Practical, virtual-earth amplifiers            208 
 Effects on overdrive                 210 
 Stability and limitations on feedback            211 
  Stabilising a feedback amplifier            214 
 Global feedback in practice               218 
  Choosing the feedback resistor             222 
 Summary of formulae                227 
 
10. Tone controls and tone stack              229 
  Notes on impedance bridging             230 
  Notes on design                 230 
 Basic, ‘one knob’ tone controls              230 
  Treble                   231 
  Bass                    233 
  Middle                   235 
  Tilt control                  236 
 Tone stacks                   238 
  The Bandmaster tone stack             238 
  The Voigt tone stack               239 
  The James tone stack               240 
  The passive Baxandall tone stack            241 
  The FMV tone stack                242 
 Designing an FMV tone stack              243 
 Expanding the MFV tone stack              247 
  Ultra-low switch                 247 
  Defeat / lift                  248 
  Shift control                  249 
 
11. Effects Loops                  251 
 Line levels                   253 
 Send, line out and loop drivers              254 
  Simple line-out arrangements             254 
  Active loop drivers                259 
 Recovery stages and serial effects loops           263 



 v 

  Passive serial loops                264 
  Active serial loops                266 
 Parallel effects loops                268 
  Passive parallel loops              268 
  Active parallel loops               270 
 
12. Notes on Construction                275 
 Grounding                   275 
  The earth bond                 275 
  Ground loops                 277 
  Bus grounding                 278 
  Star grounding                279 
 The power supply                281 
 The heater supply                 284 
  Heater lead dress                284 
  Hum balance                  286 
  Heater elevation                 287 
 A note on lead dress                288 
 
Bibliography                    289 
 
Index                      292 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


