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TANKIT – A Design Aid for Vacuum Tube Linear RF Power Amplifiers

>>> Description and User’s Guide <<<

By Keith A. Kunde, K8KK

Originally,  the TANKIT program was intended to be just  a calculator for 

determining a t ransmit t ing tube’s RF plate load resistance ( LR ) and the 

corresponding component  values for an all-band pi or pi-L plate tank network.

Its design goals seemed simple: Calculate LR with a degree of accuracy 

comparable to an expert ly-performed graphical analys is o f a  tube’s constant-

current  plate character ist ic curves,  then design a tank network to  reflect  that

load resistance using Elmer Wingfield’s (W5FD) tank design equat ions,  

inc luding support  for minC .  Furthermore, it  was to  do this without  requir ing any 

spec ial expert ise on the part  of the radio amateur user.

Although achieving these goals turned out  to  be not  so simple,  when they

finally had been rea lized (after several years o f part -t ime effort ) it  was not iced 

that  a factor in the load resistance calculat ion could also be used to  develop 

several other plate circuit  operat ing parameters.  With the addit ion o f these new 

values,  TANKIT can now give int erested amateurs quick and easy access to the 

kind o f technical operat ing data for power tubes that  was former ly ut ilized

chiefly by electronics pro fessionals or technically advanced amateurs. This data 

makes it  possible to predict the full range of plate circuit  operat ing condit ions 

for a new linear amplifier design before  construct ion has begun,  potent ially 

leading to a bet ter design result  and bet ter operat ing performance. The data can 
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also help the amateur to  bet ter understand a tube’s plate circu it  operat ing 

parameters and how they interact  with the operat ion o f the gr id and screen. Of 

course,  as its  name suggests,  TANKIT also provides a very fast  and easy way to  

design new or replacement  pi or pi-L tank circuit s for almost  any tube-based 

amateur power amplifier pro ject .

Overview of TANKIT     

The TANKIT program has three main funct ional blocks,  called paths:

Path 1.  Calculate Plate Circuit Operating Parameters

This funct ion path may be used for any type of tube operat ing in Class AB or 

B linear amplifier service,  whether  gr id- or cathode-dr iven.  It calculates severa l 

important  plate circuit  operat ing parameters which aren’t  ordinar ily available

except  by performing a labor ious graphical analys is o f the tube’s constant-

current character ist ic curves.  In just  a  few moments,  an amateur using TANKIT 

can determine:

max1i ,  peak fundamental component  of RF plate current

maxpe ,  peak RF plate vo ltage swing

LR ,  RF plate load resistance

b ,  p late current  conduct ion ang le

maxpi ,  peak RF pulse plate current

tonebI 2 ,  the DC plate current ,  under two-tone modulat ion, which produces a 

PEP output  signal having the same peak level as a specified single-tone PEP 
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output signal (this is very handy for tuning up; TANKIT also supports the 

reverse o f this funct ion)

maxpN ,  the theoretical  maximum plate efficiency at  plate conduct ion angle

b ,  for compar ison against  actual plate effic iency

(Note: The symbols used throughout  the text  are chiefly as defined in Orr’s 

Radio Handbook ;1 see the chapter t it led “Radio-Frequency Power Amplifiers.”)

All o f the above informat ion is developed from the t ypical operat ing data for  

a power tube without  the need to  perfo rm a graphical analys is o f the tube’s 

character ist ic curves. To run this path,  only three operat ing parameters are 

needed as input :

boI ,  the tube’s no-signal ( idling) DC plate current ,  in mA

maxbI ,  the tube’s maximum-signal (single- or two-tone) DC p late current ,  

a lso in mA

oP ,  maximum-signal (PEP) output power,  in wat ts

Sources for these parameters inc lude the tube manufacturer’s data sheets,  

handbook tube tables,  or even the internet .  You may also find such data given in  

the text  of art icles on linear amplifiers.

Path 2.  Calculate Cathode Circuit Operating Parameters

This funct ion path applies only to  grounded-gr id (cathode-dr iven) amplifier  

designs.  It  provides an est imate o f two cathode circuit  operat ing parameters:

ftP ,  converted dr ive power or “feed-through” power

kR ,  cathode dr ive resistance
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This informat ion is  developed using either (but  preferably both) the peak 

cathode dr iving power, dp , and/or the peak cathode dr iving vo ltage, maxke .  The

peak fundamental component  o f plate current ,  max1i ,  is  also used here; it  is

eit her passed through from Path 1 or it  is calculated within Path 2 itse lf.

Path 3.  Design a Pi or Pi-L Tank Circuit

This path may be run in conjunct ion with the above funct ion paths or it  can

be run separately if,  for example,  you wish to  design a tank for a Class C 

amplifier.  I f Path 3 is started immediately fo llowing Paths 1 or 2,  the RF plate 

load resistance, LR , ( for a plate output  tank) or the cathode dr ive resistance, kR ,

( for a cathode input  tank) is  passed through to the tank design path 

automat ically—you do not  need to  enter these values.  I f you decide to  run this  

path by it self then you must  enter the appropr iate input  and load resistance

values manua lly,  along with the desired tank operat ing Q.

The output  from Path 3 is a table o f tank capacit ance and inductance values 

for every amateur band from 160 meters through 6 meters (with the except ion o f

60 meters).  Wingfield’s tank design equat ions are used and minimum circuit  

capacitance, minC ,  is supported.2, 3 The effect  which minC has on tank operat ing Q 

as the operat ing frequency increases is instant ly apparent .

Printing TANKIT’s Reports

Each path produces an output report which may be pr int ed on any Windows

pr inter accessible from your computer.  Line pr inters (LPT1, etc.)  are not  

supported.
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A “Walk” Through TANKIT

Although TANKIT is a modern 32-bit  Windows applicat ion program (writ ten 

in PowerBASIC Console Compiler 4.03 4),  it  uses a mouse-free screen inter face 

that  will be familiar to anyone who once used the o ld DOS BASIC. That

int er face is simple to  program and serves very well for this applicat ion. In the

fo llowing “walk” through TANKIT’s funct ions ( for a grounded-gr id,  Class AB 2,

2 kW linear ut iliz ing the venerable Eimac  3CX1500A7 / 8877 ceramic-meta l 

t riode) all input  screen fields are shown filled in with example values.

Note that  plate current  values must  be entered in milliamperes .  Some input  

fields have default  values which can be recalled by enter ing a quest ion mark ( ?)  

in the blank fie ld.  When your data entry is complete,  you may cont inue on to  the 

output  report  screen or go back and edit  the data.  The edit  funct ion starts the 

input  screen over but  leaves your previously entered data in place—just  hit  enter 

to  keep it ,  or type your new data r ight  over the o ld ( ignore any o ld data that  

st icks out  beyond the new). You may also  swit ch paths at  this po int  by returning 

to  the main menu. Terminate TANKIT by clicking the “X” in the upper r ight  

corner of TANKIT’s window.

Now, let ’s see how simple it  is  to  use TANKIT as we “walk” through it s  

funct ions.  Start  the program and select  Path 1 to  begin co llect ing data for the 

plate circuit  operat ing parameter calculat ions.
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Path 1 – Plate parameters

Figure 1 -- A complete path 1 input screen with sample data

Figure 1  shows a completely filled- in Path 1 input  screen. Since a tube’s 

power output  can be specified either “at  the plate” or “at  the load,” TANKIT 

needs to  know which po int  of reference to  use.  If the specificat ion is “power  

delivered to  the load” (a.k.a. ,  “useful output  power”),  then an est imate o f the 

percentage o f plate output circuit  efficiency must  also be entered; this is  the 

percentage o f plate output  power which actually reaches the load, and it  

typically ranges from near ly 95% at  the lower amateur band frequencies to  85% 

or less at  6 meters (power loss occurs in  the tank due to removal o f harmonic 



TANKIT – A Design  Aid for  Vacuum Tube Linear  RF PA’s                     Kei th  Kunde,  K8KK
Descr ipt ion  and User ’s Guide Page 7 of 27

7

energy from the plate output  pulse,  as well as from losses in the tank 

components and other plate circuit ry).  Since “power delivered to  the load” is  

spec ified in our example,  an overall plate output  circuit  effic iency must  also be 

entered; the 90% used here is typical of the average tank circu it  efficiency

across the amateur HF frequencies. The effic iency prompt  is omit ted when 

power output  “at  the plate” is specified.

Figure 2 - Plate Circuit Operating Parameters report

After hit t ing t he enter key to  cont inue (next  act ion 1 in Figure 1),  the plate 

parameters are ca lculated and the report screen in Figure 2 is displayed.
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The top sect ion summar izes your input  data,  including a new figure fo r  

power output  at  the plate,  2oP ,  which is der ived from the “delivered to  the load” 

power output  figure that  you entered. Many o f TANKIT’s int ernal calculat ions 

require the plate output  power.  If you specify power output  “at  the plate” both 

oP  numbers will be the same.

The lower  sect ion o f t he report  list s the calculated plate circuit  operat ing 

parameters descr ibed below (the major formulas used are listed in the appendix).

01F :  This parameter is  a  factor which is central to  TANKIT’s abilit y to 

calculate the other plate circu it  parameters,  but  it  has no immediate app licat ion

here; please refer to  the appendix o f formulas if you wish to  see how this 

parameter is calculated and used.

max1i : Next  comes max1i ,  the peak fundamental component  of plate current  

which flows in LR ,  the input  impedance o f the resonant  tank circuit .  It ’s called 

the fundamental component  because it ’s  at  the same frequency as the dr iving 

signal; t here are also many harmonic components present  in the pulses o f RF 

plate current .  The tank’s “flywheel effect” t ransforms the pulses o f 

fundamental- frequency plate current  into sine waves which are passed through 

to the output load, while simultaneously the tank’s low-pass filt er ing act ion 

bypasses the harmonic components to  ground.

maxpe : The fundamental frequency RF plate vo ltage reaches peaks as it  

swings in both the posit ive-go ing and negat ive-go ing direct ions across LR , as 

referenced to  the DC plate supp ly vo ltage,  bE  ( i.e. ,  the sine wave o f RF plate 
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vo ltage is centered on the DC plate vo ltage level) ; eit her peak may be

designated maxpe .  The negat ive-go ing peak is the one used in a graphica l

analys is o f tube operat ing character ist ics.  Together with max1i ,  maxpe accounts

for the tube’s maximum-signal (PEP) output :

2
maxmax1

)(
p

plateo
ei

P


 (Eq 1)

The product  of these peak sine wave values is divided by 2 in order to  obtain the 

RMS plate power output.a

Not ice that  two figures are given for maxpe  in the report : one is based on 1oP ,  

the other on 2oP .  The purpose for showing both of these values is to  allow you

to ver ify t hat  2maxpe , the figure normally used, is “reasonable”; that  is,  you 

should ver ify that the peak swing o f RF plate vo ltage doesn’t  approach the 

tube’s full DC plate supply vo ltage bE too closely, or perhaps even exceed it .  I f 

the calculated 2maxpe swing crowds or exceeds the DC plate supply vo lt age 

while 1maxpe seems to be the one that  is more reasonable,  perhaps the tube’s oP

figure was misstated as being “at  the load” when it  was actually “at  the plate”?

Otherwise,  it  is likely that  one of the other input  values is faulty,  or perhaps the 

bE supply vo lt age you have in mind for your amplifier is  not  high enough to  

support  the stated input  condit ions.  On the other hand, insufficient  RF plate 

vo ltage swing will result  in reduced power output  and plate efficiency.

                                               
a A peak sine wa ve value ma y be conver ted to RMS by mul t ipl ying by .707.  Since two peak 
values are being mul t ipl ied,  the conver sion  is .707 x .707   .5 ,  the same as dividing by 2.
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Looking at  our example (please refer to the plate vo ltage scale along the 

bottom o f the graph in Figure 3 ,  below), the plate supply vo ltage bE is to  be 

2700 V (according to  the manufacturer ’s data sheet),  so the negat ive-go ing

2maxpe swing o f 2100 V leaves 600 V o f instantaneous DC plate vo ltage (called 

minbe ) remaining. As long as our peak gr id dr iving vo ltage stays well below 

minbe ,  gr id current  should stay within rat ings and plate output  distort ion 

products should also be low. I f the peak gr id and/or screen vo ltage is crowded 

too much by the peak downward swing of RF plate vo ltage,  the gr id  or screen 

currents may become excessive (depending on the tube’s internal design,  or 

“geometry” as it  is o ften called) and it  is likely that  splat ter-producing 

distort ion products in your output  signal would r ise to intolerable levels (note:

in a “grounded-gr id” amplifier the effect ive gr id vo ltage is equal to  the cathode 

vo ltage,  but  opposite in po lar it y). The RF plate vo ltage swing can become 

excess ive in actual operat ion if the amplifier ’s output  loading is too light  or if  

the dr ive level is  too high. These condit ions can result  in high gr id currents,

reports of splat ter on your signal and shor tened tube operat ing life.

LR : Next  comes what  TANKIT was intended for in the first  place: t he 

calculat ion o f the opt imum RF plate load resistance, LR ,  which allows the tube 

to  produce its greatest  power output  with the least  signal distort ion for that  

power level.  Again two figures are given, with 2LR  being the one normally used. 

It is interest ing to  make small adjustments to the input  data and watch the 

effects on LR  and the other plate operat ing parameters—everything moves! This
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points up the importance o f operat ing your linear amplifier as closely as 

possible to  the design operat ing condit ions which you specify.

b : Each pu lse o f plate  current  flows dur ing some fract ion o f a 360-degree 

cycle o f the input  dr iving signal.  The plate current  conduct ion angle is  

designated b  ( theta-b).  A pure Class B amplifier has a b  of 180° because the 

bias is  set  just  at  the po int  of plate current  cutoff ( i.e. ,  there is  very lit t le or no 

idling plate current).  The sine wave dr iving waveform can only produce a pulse 

of RF plate current  that  is 180° in durat ion when it  dr ives the gr id posit ive with 

respect  to  the cathode. Pract ical linear amplifiers operat ing in Class AB ( i.e. ,  

with bias set  at less  than the po int  o f plat e current  cutoff,  meaning there is  some

stat ic plate current) may have conduct ion angles ranging up to  210°,  or 

thereabouts.  Beyond that point plate effic iency is rather poor and there is lit t le  

advantage to  the amateur in such operat ion. The conduct ion angle is  usually 

controlled by adjustment  of the tube’s operat ing bias.

maxpi : The plate current  at  the peak o f the RF pulse,  maxpi ,  is a useful figure 

if you optionally decide to plot an operating line (commonly called a load line)  

on a chart  of constant-current  plate curves for your tube. Figure 3  shows a 

port ion of Eimac’s Curve #4250  for the 3CX1500A7 / 8877 in grounded-gr id 

service.
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Figure 3 - Constant-current chart for the Eimac  8877 in grounded-grid service; an
operating l ine per the text example is shown. The solid curves represent plate 
current while the dashed curves are grid current (both given in amperes).

Note that  the upper end o f t he operat ing line begins where maxpi  and the 

instantaneous minimum plate vo ltage with respect  to  ground, minbe ,  intersect .  

From there,  the line extends downwards through the intersect ion o f the idling 

(no signa l) DC plate current , boI ,  and the plate supply vo ltage,  bE .  The line 

cont inues past  that  point  all t he way down to plate current  cutoff.  I f this was a 

Class B amplifier, boI would be zero ( i.e. ,  at  plate current  cutoff) and the line 

would end r ight  there.  Since the line extends below the boI  level,  we know that  

boI  is not  zero and the plate current  conduct ion angle is  greater than 180°;

therefore,  this is a Class AB amplifier.  
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boI  is set  by the cathode bias vo ltage, kE ,  indicated on the left -hand vert ica l 

scale; + 8.2 V in this case (reading downwards from the zero (0) vo lts mark).  

The peak cathode dr iving vo ltage,  maxke ,  is found by adding  the bias vo ltage to  

the “Cathode to  Grid Vo ltage” indicated on the scale direct ly to  the left  o f the 

maxpi  point  you marked ear lier ; that  vo ltage is about   48 V in this example

(reading upwards from zero (0) vo lts).  The peak, or total swing, o f the dr iving 

vo ltage ( ignor ing signs) is 8.2 V + 48 V, or 56.2 V (in other words,  the sine 

wave o f the dr iving signal is centered on the bias level).  This swing, by the way,  

is t he peak vo ltage at the cathode ,  not  at the input  of the cathode tank network.

maxgi : The value o f maxgi ,  the peak gr id current ,  may be int erpo lated fro m 

the dashed gr id current  curves—visualize another dashed curve passing through 

the maxpi  point  at  approximately 0.14 A (140 mA) of peak gr id current . This

tells us t hat  our tube is operat ing in Class AB2 since considerable gr id current  is  

drawn at  the peak o f the dr iving waveform. TANKIT doesn’t  direct ly calculat e 

any gr id current  values but  they may be easily discerned on a chart  of constant-

current  curves—the gr id and screen curves which pass t hrough the intersect ion 

of maxpi and minbe are the peak current  values for those elements.

You can learn more about  tube theory and the graphical analysis methods by

vis it ing Eimac’s website—some excellent  mater ial on power tubes is available 

free for downloading there. 5 I f you’re already sk illed in the graphical analys is 

technique, you may wish to  know how TANKIT can assist  you in t hat  process—

see “Specia l procedure for graphical analysis users” on page 24. 
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We are finished with Figure 3 for now. Cont inuing with the remaining plate 

circuit  operat ing parameters in the report, we come to:

tonebI 2 : Some tubes are rated for SSB PEP output  levels that ,  if sustained,  

will result  in great ly shortened tube life.  Such tubes may have their maximum-

signal DC plate currents specified only fo r two-tone  modulat ion condit ions.  The 

manufacturer is  warning you that  it  is  inadvisable to  operate the tube under full-

power sing le-tone (or carrier) cond it ions for more than a few seconds; if you 

exceed this limitat ion you may damage or destroy the tube.  TANKIT can he lp

you here, in two ways:

First ,  if the manufacturer gives only a two-tone DC plate current

spec ificat ion, you may enter that  figure directly  as your maxbI  input  va lue in  

Path 1.  Simply fo llow the plate current  with ,2  (comma 2—no space) ; fo r  

example, 498,2 .  This tells TANKIT that maxbI  is a  two-tone value o f 498 mA 

and it  must  be converted into the equivalent-PEP single-tone value before any 

int ernal calculat ions are done. Be aware that the plate parameters report wil l 

show the converted  s ing le-tone maxbI  value in  the “User-Specified” sect ion o f 

the report ,  while  the two-tone value which you actually entered will be in the 

tonebI 2  field in the “Calculated Values” sect ion.

The second way TANKIT can help is illust rated using the case o f t he Eimac

3CX1500A7 / 8877. Although this manufacturer gives single-tone DC plate 

current  in the t ypical operat ing data,  dur ing tune-up you may prefer to  use a 

two-tone test  signal to  reduce plate dissipat ion and the power  dissipated in your  

dummy load. Remember that average  two-tone power output  is only half o f 
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single-tone output,  while PEP output  (i.e.  the peak level o f the modulat ion 

envelope) is t he same as for single-tone. But ,  what  should the DC plate current  

be to  assure that  full PEP output is being reached with two-tone modulat ion?

Simply refer to  the tonebI 2  field in TANKIT’s plate parameters report . 

Assuming you first  ran Path 1 using a single-tone DC plate current  of 740 mA in 

the maxbI  field,  tonebI 2  will be 498 mA. To tune up, apply your two-tone test  

signal and tune for a plate current  o f 498 mA.  Br iefly switch to  single-tone 

modulat ion and your plate meter should read close to  740 mA—the full power 

single-tone value.

Important! Remember that  the amplit ude of your single-tone test  signal must  

be set  to  exact ly twice  the amplit ude o f eit her tone of your two-tone test  signal,  

or the sing le-tone / two-tone plate currents will not  ho ld their proper 

relat ionship.

For example,  if your single-tone test  signal’s amplitude is  100 millivo lts

peak-to-peak (at  the dr iver’s mic input) when the DC plate current  is 740 mA,  

then each tone o f your two-tone test  signal should be set  to  exact ly 50 millivo lt s

peak-to-peak. Your two-tone DC plate current  should then be 498 mA (the 

reverse o f this case is  also t rue).  This assumes that  your SSB dr iver’s audio  

bandpass is essent ially flat  at  the test  tone frequencies.

A swit chable two-tone / single-tone test  signal generator which can be set  to

the proper output  leve ls (with a switch to alternate between the mic and the test  

generator) would great ly simplify the above test  procedure.  This allows you to 
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limit  your fu ll-power tune up t ime to just  a second or two for ver ificat ion that  

your plate current  is where you want  it  to be.

maxpN : Fina lly,  TANKIT shows maxpN ,  the theoretical  maximum plate 

efficiency for a given plate current  conduct ion angle,  b .  I t ’s theoret ica l 

because this number is based on the hypothesis that the negat ive-go ing peak o f 

the RF plate vo ltage is somehow able to swing all the way from bE  down to 

zero,  in which case maxpe  would be 2700 V. In theory,  this would give the 

maximum plate effic iency— if  it  was possible. But ,  since minbe would then be

zero, there would be no instantaneous posit ive DC plate vo ltage left  to  dr ive 

current  through the plate circuit ! I f we decide to ignore that  pesky bit  o f realit y 

and work Equat ion 1 for oP  anyway, we get  a result  of 1549.8 W PEP output . 

Dividing this by our input  power, inP  ( the product  of maxbb IE  ,  or 1998 W), we 

get  a theoret ical plate effic iency o f 77.6%.

When minbe  is pushed too low the gr id (and/or screen) can become more 

posit ive than the plate and act  like a pla te electrode, intercept ing the electron 

st ream and potent ially diss ipat ing a large amount  of power—the gr id(s) can

easily be damaged or even vapor ized (unless they’re made o f theoret ium ,  o f 

course).  Therefore,  don’t  attempt  this operat ion at  home (by leaving the plate 

circuit  unloaded, for example) unless you really want  to  turn your final tube into 

a gassy diode. However,  by using either inplateo PP /)(  or max2max )/( pbp NEe  to 

calculate your actual plate efficiency, you can compare it  to  the theoret ica l 
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number and hum thought fully while contemplat ing that  co ld one wait ing for you 

in the refr igerator.

Path 2 – Cathode Parameters

Figure 4 - A complete Path 2 input screen

The input  screen for Path 2 is  similar to Path 1,  with the except ion o f two 

new input  fie lds: peak cathode dr ive power, dp ,  and peak cathode dr ive vo ltage,  

maxke ,  which replace some of t he plate path quer ies.  TANKIT requires t hat  only

one  o f the new fields be known—enter 0 (zero) in the unknown fie ld and it  will 

be (roughly) est imated for you. However,  calculat ion accuracy is likely to  be

much bet ter if both input  fields have known good values. Figure 4  shows a 



TANKIT – A Design  Aid for  Vacuum Tube Linear  RF PA’s                     Kei th  Kunde,  K8KK
Descr ipt ion  and User ’s Guide Page 18 of 27

18

completed Path 2 input  screen with an est imated dp  value that  was filled in by 

TANKIT (the user init ially entered 0  in  the dp  fie ld; TANKIT overwrote the 

field with t he est imated value aft er the user entered the maxke  value).

Figure 5 -- The Path 2 output report screen

The cathode parameters report  screen in Figure 5  is also similar to  the Path 1

report  screen. There are two new parameters in the Calculated Values sect ion:

ftP and kR :  Here,  o f course,  the focus is  on the cathode side o f the tube.  The 

new calculated values are the est imated feed-through power,  ftP ,  and est imated

cathode dr ive resistance, kR .
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The cathode parameters from this path may be somewhat  rough in regards to 

accuracy, due to  input  data limit at ions.  However,  for amateur power amplifier  

design purposes TANKIT’s cathode data can be helpful when no other source o f 

more accurate informat ion is available.

Path 3 – Tank Design

Figure 6 -- A completed Path 3 input screen for a pi-L plate tank network

As stated ear lier,  Path 3 may be entered immediately fo llowing Path 1 or 

Path 2 in order to  design an appropr iate plate or cathode tank circuit .  When this 

is  done, the LR  value from Path 1 or the kR  va lue from Path 2 is  passed

automat ically to  the appropr iate Path 3 input  field.  The tank output  resistance 
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for a plate tank and the tank input  resistance for a cathode tank defaults to  50 

ohms, unless otherwise stated.  If you are running Path 3 by it self then you wil l 

need to  enter the LR  or kR  value. Figure 6  shows a completed Path 3 input  

screen for the design o f a pi-L plate tank network. The value o f 1R  was passed 

through from Path 1 where it  was known as 2LR .  2R  is a default  value—just  hit  

enter to  get  it ,  or enter a quest ion mark in t he blank field  to  display the defau lt ; 

if you like it ,  hit  enter.  Or,  you may enter a new value for 2R .

For a pi-L tank des ign the image resistance, mR ,  must  be defined. TANKIT 

calculates a default  value that  is t he geometric mean  o f the network’s input  and 

output  resistances—just  hit  enter to  get  this value.  However,  you may enter your  

own value for mR  if you wish.

Next ,  the desired network operat ing Q,  oQ ,  must  be specified. Note that  

TANKIT has pre-determined a minimum  operat ing Q value,  6.3 in t his case.  The

minimum oQ  value is  based on the network’s input /output  impedance rat io  and 

can be surpr is ingly high for tank networks to  be used with tubes having high 

plate impedances ( i.e. ,  those operat ing with relat ively high plate vo ltage versus 

relat ively low plate current ,  such as the old glass tet rodes and pentodes,  etc.) .  I f 

you proceed with a oQ that  is less than the recommended minimum you might

end up with a tank that  won’t  tune or load correct ly across the ent irety o f each 

amateur band. I f you don’t  specify a oQ  value the default  is  the displayed 

minimum value, which may be too low for adequate harmonic suppression.
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In t his example,  we entered the commonly-used oQ value o f 12 as our target

value.  It ’s called a “target” because, when we rest r ict  our tank design by not 

allowing input  capacit ance C1 to drop below a certain minimum value called 

minC  (35 pF in this case), oQ  is forced to  rise as frequency increases.  I f you set  

minC to  zero,  your target  oQ  will indeed appear at  all upper band-edge 

frequencies but  this is not  realist ic for most  plate tanks because some calculated 

C1 values may then become impossibly small (Note:  TANKIT does not  support 

target  oQ  values less t han 2.0.  This limitat ion should not  impact  most  pract ica l 

tank designs).

Figure 7  shows our pi-L tank’s calculated component  values for each band. 

The approximate network oQ  is  given for t he bottom-edge frequency, mid-band 

frequency and high-edge frequency of each band. Not ice how oQ  r ises 

dramat ically in the higher frequency bands on the r ight side o f the report.  Since 

the peak circulat ing current  in the tank is  approximately oQi max1 ,  high minC

values (and 35 pf isn’t  all that  high) can dr ive up oQ  and the c irculat ing current  

with consequent ly greater losses and component  heat ing, etc. Unfortunately,  the 

problem gets worse with higher plate load resistances.

TANKIT’s network designs are based on fixed inductance va lues for L1 and 

L2, so whenever the target  oQ  is 6.0 or more the calculated oQ must  increase 

slight ly at  the mid- and low-edge frequencies within each band, whether or not 

minC  is specified (but  if the target  oQ  is less than 6.0,  the calculated oQ  at the 
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high-edge frequency may be slight ly less than the target  value,  while  at  the low-

edge frequency it  may be slight ly higher than the target  value).

Figure 7 -- The Path 3 output report screen with pi-L tank component and Qo 
values

The “hinge” po int  or reference frequency for the fixed inductor calculat ions

(which applies whenever oQ  is above 6.0) is  the upper band edge frequency, not

the mid-band frequency as may be expected. This is  necessary to  accommodate 

support  for minC , the abso lute minimum capacitance value at  the high-edge 

frequency. However,  when oQ  is 6.0 or less,  the hinge po int  moves to  mid-band 

and support  for minC  is dropped (it  isn’t  needed when oQ  is that  low, anyway).  
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This enables slight ly bet ter fixed-tune character ist ics for low-Q cathode pi tank 

networks (don’t  use a pi-L des ign for the cathode tank—it ’s not pract ical).

The network component  value table makes it  possible to  determine how much 

of the tank capacit ance for each band actually needs to  be var iable. Please refer  

to  Figure 7 again.  Note that  out  of the approximately 200 pF maximum value o f 

C1 required for  the 80 meter band, t here is  less than a 50 pF change from the 

high band-edge frequency to the lower edge. However,  this range needs to  be 

expanded by at  least   10% (use  20% for 160 meters) to  allow for var iat ions 

in the output load’s resistance and reactance. For example,  using the 10% 

figure,  subtract  10% from C1’s value at  the high-edge frequency and add  10% at  

the lower band edge.  Now take the difference—the total range o f var iabilit y 

needed has expanded to about  75 pF.  A 100 pF var iable in paralle l with,  say, a  

135 pF fixed capacitance should do the job here.  But ,  don’t  forget  that  35 pF of 

the total C1 capacitance consists o f minC  ( the sum o f the tube’s output  

capacitance,  C1’s minimum capacit ance,  and all other st ray circuit  

capacitances),  so in this case the parallel fixed capacitor needs to  be only about  

100 pF.

The pi network component  table is  very similar  to  the pi-L table,  except  the 

L2 output  inductor column is omit ted and oQ moves over to  take its place.

This concludes our “walk” through TANKIT’s basic funct ions.
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Special procedure for graphical analysis users

TANKIT was writ ten as an aid to  amateurs who aren’t  skilled in the 

t radit ional graphical analys is techniques which are based on a tube’s constant-

current  character ist ic curves.  However,  if you do have the skill required to 

analyze tube performance that  way, you can st ill use TANKIT to help with some 

of the calculat ions and ver ify other data obtained graphically. The process as it  

stands today requires iterat ing (repeat ing) Path 1 unt il certain calculated values 

come into agreement  with your plot ted values ( i. e. ,  converge with them).

Begin by plot t ing a t rial operat ing line on your graph o f constant-current  

curves and note the values for boI ,  maxpi  and maxpe .  Start  TANKIT Path 1 and 

enter your plotted boI  value ( if zero,  enter one milliampere).  Next ,  enter an 

estimate for maxbI —something less than half of your plot ted maxpi  value should 

do for starters.  oP  may be any arbit rary value at  this po int ,  but use the “at  the 

plate” power output  specificat ion. Run Path 1 and compare TANKIT’s 

calculated maxpi  value to  your plot ted value—ignore all other parameters in t he 

report .  If the two maxpi  values don’t  closely agree, adjust maxbI  and run through 

Path 1 again; repeat  this process unt il TANKIT’s maxpi  value converges with 

yours.

Your boI ,  maxbI and the other plate currents are now set—don’t  change them

during the fo llowing step.

Now run Path 1 with oP set  to  roughly the plate power output which you 

expect to get  from the tube.  This t ime, compare 2maxpe (the peak swing o f RF 
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plate vo ltage) to your plot ted maxpe  value.  Edit  oP as necessary and rerun Path 1

unt il 2maxpe  converges with your plot ted value.  All p late operat ing parameters 

should now be correct  for the plotted operat ing line (you will need to  ver ify 

graphically t hat  your gr id and screen dissipat ions are acceptable,  etc.). At  this 

point  you may move on to  Path 2 or Path 3 if you wish.

TANKIT can be it erated this way several t imes per minute,  but  yes,  it  is  a  

guessing game. A new path designed to  eliminate the guesswork is being 

considered for a future update.       

What is the value of this new information?

Perhaps you are st ill wonder ing what  good all o f this new informat ion may 

be to you. After all,  haven’t  hams been successfully build ing, modifying and 

repair ing their tube r igs for many decades without  this kind o f detail?

Yes,  many have. But ,  since you now have a way to quickly know more about  

the peak vo ltages and currents in your plate tank circuit ,  wouldn’t  you want  to 

use that  informat ion so you can be assured that  your expensive tank components 

are correct ly sized for the task? And, since you can now ca lculate your tube’s 

RF plate load resistance more accurately (compared to  the usual “shortcut” 

formulas in t he handbooks),  why wouldn’t  you do so? Plus,  when it  comes t ime 

to tune up your new baby for an operat ing session, wouldn’t  it  be nice to  know 

in advance what  your two-tone test  plate current  should be such that  your full 

PEP output  is available when you speak into the mic? There is  also a certain 

sat isfact ion which comes when you know you’ve “done your homework” by 
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making an effort  to  really understand what  is go ing on inside your linear  

amplifier ; that  is worth something in itself—it  even feels more “pro fessional.”

Fina lly,  even if you prefer to use the t radit ional graphical analys is methods 

for determining a tube’s operat ing condit ions,  you can st ill call on TANKIT to 

speed up the process and get  a “second opinion” about your calculat ions—

TANKIT has disclosed several errors in such calculat ions dur ing spot  checks o f 

published mater ial.

Limitations of TANKIT

Obviously,  TANKIT is not  a complete “A to Z” amplifier design system—you

will st ill need to  depend on your handbooks and technica l reference library for

design support . Paths 1 and 2 only work for Class AB or B designs. TANKIT

doesn’t  calculate any operat ing parameters for gr id or screen circuit s,  a lt hough

suffic ient  data for them is usually given in the published “typical operat ing 

condit ions.” Since TANKIT is intended only for infrequent  use by amateurs it  

doesn’t  save any data to  disk.  However,  all input  data are summarized at  the top 

of t he output  reports,  so any run may be recreated in a mat ter of seconds i f

needed—just  be sure to keep your reports along with your other project

documentat ion.

You should operate your tube(s) according to the operating parameters 

you enter into TANKIT.  I f your design effort  is to  have any meaningful value,  

your operat ing tube currents and output  power should really be what  you say 

they will be dur ing your TANKIT design run. Never mind that  “heat  o f the 

bat t le” stuff when you’re chasing DX—if you expect  to  reap all the benefit s o f 
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having a t ighter,  well-centered design, you may need to  check your operat ing 

habits more o ften as well.  Be aware that  tube manufactur ing tolerances and tube 

aging can, and will, affect  the resu lts you are able to  achieve.
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