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This Mathcad 14 worksheet is designed to accompany the author's book "Microwave and RF Vacuum Electronic Power Sources", Cambridge University

Press (2018). The section, equation, and figure numbers refer to the corresponding sections, equations, and figures in the book. Data input fields are

highlighted in yellow and output fields are highlighted in green.

This resource is provided free of charge by Cambridge University Press with permission of the author, but is subject to copyright. You are permitted to view,

print and download this resource for your own personal use only, provided any copyright lines are not removed or altered in any way. Any other use, including

but not limited to, distribution of the resource in modified form, or via electronic or other media, is strictly prohibited unless you have permission from the

author and provided you give appropriate acknowledgement of the source. 

The contents of this sheet are provided for educational purposes only and no warranty is expressed or implied that they are suitable for use as professional

design tools.

This sheet explores the properties and design of the RS 2058 tetrode (see Section 12.3.1) and

Siemens (1986).  Transmitting Tubes Data Book 1986/87, Siemens AG.

Physical constants

Charge/mass ratio of the electron η 1.759 10
11

⋅ C⋅ kg
1−

⋅:=

Perveance constant KK
4 ε0⋅

9
2 η⋅⋅:= KK 2.334μA V

1.5−
⋅=
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Plot a graph of the total cathode current to the power 2/3 computed from the published characteristic curves against the grid voltage for screen

grid voltages of 700V, 900V and 1100V. This plot shows island formation.

Vg7

200−

80−

40−

5

50

90

130

190

























:= Ic7

0.00

5.00

10.00

20.00

31.80

44.30

59.20

79.00

























:= Vg9

230−

115−

70−

25−

20

65

130

230

























:= Ic9

0.00

5.00

10.00

20.00

30.70

42.50

68.50

105.00

























:= Vg11

270−

125−

90−

50−

10−

30

95

170

























:= Ic11

0.00

5.00

10.00

20.00

30.00

41.00

64.30

92.00

























:=

300− 200− 100− 0 100 200 300
0

5

10

15

20

25

Vs = 700 V

Vs = 900 V

Vs = 1100 V

Vg (V)

Ic
^
0
.6

6
7

 Figure 12.11 
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Assume that a and r are the same for both grids. Choose a 1 mm⋅:=

The penetration factor for a grid is given by Equation 6.36

D r d, ( )

ln coth
2 π⋅ r⋅

a

















2 π⋅ d⋅

a









ln cosh
2 π⋅ r⋅

a

















−

:= where, for the screen grid Ds D r d3, ( )= and for the control grid Dg D r d2, ( )=

The distance between the control grid and the anode of the equivalent triode is given by 

D'g

D r d2, ( )

1 D r d3, ( ) 1
d3

d2

+








⋅+

=

de r d1, d2, d3, ( )
d1 d2+ D r d3, ( ) d1 d2+ d3+( )⋅+

1 D r d3, ( ) 1
d3

d2

+








⋅+

:=  Equation 6.92 

Let f1g y d1, ( )
sinh 2 π⋅

d1

a
⋅









cosh 2 π⋅
d1

a
⋅
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





cos
2 π⋅ y⋅

a









−

:=

 Equation 6.39 

Then the penetration factor of the equivalent triode is

DE y r, d1, d2, d3, ( )
de r d1, d2, d3, ( ) D r de r d1, d2, d3, ( ), ( )⋅ d1 1 f1g y d1, ( )−( )⋅+

d1 de r d1, d2, d3, ( )+( ) f1g y d1, ( )⋅ d1−
:=  Equation 6.94   

The penetration factors for the screen grid and the control grid can be found by measurement of the characteristic curves in Figure 12.3. See

Equation 6.88 for the definition of D'g. Assume a value for DE y 0.5 a⋅=( ). This value can be adjusted to give self-consistent results.  

Ds 0.019:= D'g 0.15:= D'E 0.23:=

(c) 2018 Richard G Carter
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Find the parameters which make the measured and the calculated penetration factors equal

Note: There are four parameters but only three criteria so that the solution is not unique. However it is found that, if the solutions are re-used as

the trial values of the parameters the method converges to a solution which is stable against small changes in the parameters. 

Define a function based on the squared difference between the measured and theoretical parameters

ferr r d1, d2, d3, ( ) D r d3, ( ) Ds−( )
2

D r d2, ( )

1 D r d3, ( ) 1
d3

d2

+








⋅+

D'g−












2

+

DE 0.5 a⋅ r, d1, d2, d3, ( )

1 D r d3, ( ) 1
d3

d2

+








⋅+








D'E−












2

+:=

Given

Guessed values of the tube dimensions are

entered into the yellow matrix. These are

replaced repeatedly by the results in the green

matrix until convergence is achieved

r

d1

d2

d3















0.061

0.333

0.904

8.432













mm⋅:= X Minimize ferr r, d1, d2, d3, ( ):= X

0.061

0.333

0.904

8.432













mm⋅=

Check the results by comparison with the input data

Ds D r d3, ( ):= Ds 0.019= Ds 0.019=

D'g

D r d2, ( )

1 Ds 1
d3

d2

+








⋅+

:=  Equation 6.88 D'g 0.15= D'g 0.15=

D'E

DE 0.5 a⋅ r, d1, d2, d3, ( )

1 Ds 1
d3

d2

+








⋅+








:= D'E 0.23= D'E 0.23=

Note: The value of D'E is insensitive to the choice of D'E 

(c) 2018 Richard G Carter
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Calculate the cathode current

Ve Vs Va, ( )
Vs Ds Va⋅+

1 Ds 1
d3

d2

+








⋅+

:=  Equation 6.91 

Without island formation

Dg D r d2, ( ):= de de r d1, d2, d3, ( ):= Dg 0.179= de 1.19 mm=

Ic0 Vg Vs, Va, ( )
KK Ac⋅ 1 Dg+⋅ Vg Dg Ve Vs Va, ( )⋅+( )

1.5
⋅

d1 Dg de⋅+( )
2

:=  Equation 6.93 

With island formation

DE y( ) DE y r, d1, d2, d3, ( ):=

F1 Vg Vs, Va, y, ( ) 1 DE y( )+

Vg DE y( ) Ve Vs Va, ( )⋅+( )
1.5

d1 DE y( ) de⋅+( )
2

⋅











Vg DE y( ) Ve Vs Va, ( )⋅+( ) 0≥if

0 otherwise

:=

Ic Vg Vs, Va, ( )
KK Ac⋅

a
0

a

yF1 Vg Vs, Va, y, ( )
⌠

⌡

d⋅:=  Equation 6.96 

Adjust the area of the cathode (Ac) so that the current matches that given in the data sheet.

Compare the results with those calculated from the data sheet.
Ac 1700 mm

2
⋅≡

(c) 2018 Richard G Carter
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Plot the computed cathode current to the power 2/3 against the control grid voltage for comparison with the figure above

Vg1 300− 290−, 200..:= Vs1 700:= Vs2 900:= Vs3 1100:= Va 6000:=
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 Figure 12.12 
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Investigate the effect of space charge between the screen grid and the anode

Xa Ia Vs, ( )
4 Ia⋅

ε0 Ac⋅ 2 η⋅⋅ Vs
1.5

⋅

d3⋅:=
 Equation 6.97 

Wa Vs Va, ( )
Va

Vs

:=
 Equation 6.98 

Find the change in the control grid voltage required to compensate for the space-charge depression. Equation 6.102

∆Vg Ia Vs, Va, ( ) F1α Ia Vs, Va, α1, ( ) Xa Ia Vs, ( )
4

3
Wa Vs Va, ( ) 2 α1⋅−( )⋅ Wa Vs Va, ( ) α1+( )

1

2
⋅−

4

3
1 2 α1⋅−( )⋅ 1 α1+( )

1

2
⋅+←

F2α Ia Vs, Va, α1, ( ) Xa Ia Vs, ( )
4

3
Wa Vs Va, ( ) 2 α1⋅−( )⋅ Wa Vs Va, ( ) α1+( )

1

2
⋅−

4

3
1 2 α1⋅−( )⋅ 1 α1+( )

1

2
⋅−←

α1 0.999−←

∆Vg D'g Ds⋅ Va Vs 1 Xa Ia Vs, ( ) 1 root F1α Ia Vs, Va, α1, ( ) α1, ( )+⋅+( )⋅− ⋅  F1α Ia Vs, Va, 1−, ( ) 0≤if

D'g Ds⋅ Va Vs 1 Xa Ia Vs, ( ) 1 root F2α Ia Vs, Va, α1, ( ) α1, ( )+⋅−( )⋅− ⋅  otherwise

←

∆Vgreturn

:=

(c) 2018 Richard G Carter
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V1a 1 kV⋅ 1.1 kV⋅, 12 kV⋅..:=
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Note: This function has the right qualitative behaviour but the curves turn up too sharply as the anode voltage decreases
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Calculate the current intercepted by the control grid and hence the anode current

δδ
a

a

π 1 Dg+( )⋅

r

2 d1⋅
⋅ 1 ln

4d1

r









+








⋅ 2 r⋅+

1−:=
 Equation 6.62 

 Equation 6.61 
Ig Vg Vs, Va, ( )

Ic Vg Vs, Va, ( )

1 δδ
Ve Vs Va, ( )

Vg

⋅+













Vg 0≥if

0 otherwise

:=

Alternative calculation

μ
1

D'g

:= Veg_g Vag( )
Vag μ+

1 μ+

d2

d1

+

:= Iag Vag( )
a

2 r⋅
Veg_g Vag( )⋅

2 ln
a

2 π⋅ r⋅









⋅

2 ln
a

2 π⋅ r⋅









⋅
1

Veg_g Vag( )
+ 1−













⋅ 1−:=  Equation 6.66 

Ig Vg Vs, Va, ( )
Ic Vg Vs, Va, ( )

1 Iag

Ve Vs Va, ( )
Vg









+













Vg 0≥if

0 otherwise

:=

Enable evaluation of this line to use it in place of Equation 6.61

Anode current

Ia Vg Vs, Va, ( ) Ic Vg Vs, Va, ( ) Ig Vg Vs, Va, ( )−:=

(c) 2018 Richard G Carter
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Vg 400 V⋅:= Vg Ia Vs, Va, ( ) root Ia Vg Vs, Va, ( ) Ia− Vg, ( ):= Control grid voltage at constant anode current

Vg2 100 V⋅:= Vg2 Ig Vs, Va, ( ) root Ig Vg2 Vs, Va, ( ) Ig− Vg2, ( ):= Control grid voltage at constant control grid current

Parameters for plotting the characteristic curves

V2 1000 V⋅ 1500 V⋅, 12000 V⋅..:= Vs 900 V⋅:= n 0 7..:= nn 0 6..:=
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 Figure 12.13 
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Calculation of possible tube dimensions

f 220 MHz⋅:= Vg1 350 V⋅:= d1 0.333 mm⋅= u0 2 η⋅ Vg1⋅:= βe
2 π⋅ f⋅

u0

:=

Choose the normalised distance between the cathode and the control grid (see Section 5.7) 

βed1 0.1:=
1 2 βed1⋅( )

2
+ 1.02= The scale factor is scale

βed1

βe d1⋅
:= scale 2.41=

The tube dimensions are

Grid spacing a scale⋅ 2.4 mm⋅=

Grid wire radius r scale⋅ 0.147 mm⋅=

Cathode-control grid spacing d1 scale⋅ 0.8 mm⋅=

Control grid-screen grid spacing d2 scale⋅ 2.2 mm⋅=

Screen grid-anode spacing d3 scale⋅ 20.3 mm⋅=

Cathode length ( wavelength/16 ) Lc
c

16 f⋅
:= Lc 85 mm=

Cathode diameter dc

Ac scale
2

⋅

π Lc⋅
:= dc 37 mm=

Screen grid diameter ds dc 2 d1 d2+( ) scale⋅+:= ds 43 mm=

Anode inner diameter da ds 2d3 scale⋅+:=
da 84 mm=

Maximum cathode current density Jmax
100 A⋅

Ac scale
2

⋅

:=
Jmax 1.0 A cm

2−
⋅=

(c) 2018 Richard G Carter


