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This worksheet investigates the design of a high power tetrode having performance similar to the RS 2074 (TH 558) (see Section 12.4).

Statement of requirements

RF output power P1 600 kW⋅:= Frequency f 110 MHz⋅:=

Physical constants

Charge/mass ratio of the electron η 1.759 10
11

⋅ C⋅ kg
1−

⋅:=

Perveance constant KK
4ε0

9
2 η⋅⋅:=
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1. Determine the DC operating point

Estimated efficiency for class B operation ηe 0.7:=

DC input power required P0

P1

ηe

:= P0 857 kW=

Choose the DC anode voltage V0 15 kV⋅:=

DC anode current I0

P0

V0

:= I0 57 A=

Peak anode current Ia_pk

I0

0.28
:= from Figure 12.5(b) Ia_pk 204 A=

Assume that the grid currents total 20% of the cathode current at the peak current

Peak cathode current Ic_pk

Ia_pk

0.8
:= Ic_pk 255 A=
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2. Determine the RF operating conditions

Choose the screen grid voltage Vs 0.1 V0⋅:= Vs 1.5 kV=

Dg 0.2:=
Control grid penetration factor

Vg_0 Dg− Vs⋅:= Vg_0 300− V=
Approximate control grid voltage at cut-off

Vg_pk 100 V⋅:=
Choose peak control grid voltage 

RF grid voltage for class B operation Vg1 Vg_pk Vg_0−:= Vg1 400 V=

Choose minimum anode voltage Va_min 0.15 V0⋅:= Va_min 2.25 kV=

RF anode voltage V1 V0 Va_min−:= V1 12.75 kV=

RF anode current I1

Ia_pk

2
:= I1 102 A=

CHECK RF output power
1

2
V1⋅ I1⋅ 651 kW=

Note: this can be computed more accurately after the

characteristic curves have been calculated (see Section 12.5)
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3. Determine the dimensions of the tube

Choose the normalised cathode-grid spacing βed1 0.05:= 1 2 βed1⋅( )
2

+ 1.005=

βe
2 π⋅ f⋅

2 η⋅ Vg1⋅
:=

Find the cathode-control grid spacing d1
βed1

βe

:= d1 0.86 mm=

Choose grid spacing to avoid island formation a d1:= a 0.86 mm=

Choose spacing between the grids d2 d1:=
d2 0.86 mm=

Find the control grid wire radius from Dg Dg rg( )
ln coth

2 π⋅ rg⋅

a

















2 π⋅ d2⋅

a









ln cosh
2 π⋅ rg⋅

a

















−

:=  Equation 6.36 

rg 0.01 mm⋅:= rg1 root Dg rg( ) Dg− rg, ( ):= rg1 0.040 mm=

CHECK Dg rg1( ) 0.2=

Choose the screen grid wire radius rg2 1.3 rg1⋅:= rg2 0.052 mm⋅=

Choose the screen grid-anode spacing d3 8 d1⋅:=

Find the screen grid penetration factor

Ds

ln coth
2 π⋅ rg2⋅

a

















2 π⋅ d3⋅

a









ln cosh
2 π⋅ rg2⋅

a

















−

:= Ds 0.02=
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4. Compute the characteristic curves for the tube

Grid-anode spacing of the equivalent triode de

d1 d2+ Ds d1 d2+ d3+( )⋅+

1 Ds 1
d3

d2

+








⋅+

:=  Equation 6.92 de 1.60 mm=

Anode voltage of the equivalent triode Ve Vs Va, ( )
Vs Ds Va⋅+( )

1 Ds 1
d3

d2

+








⋅+








:=
 Equation 6.91 

Cathode current density
Jc Vg Vs, Va, ( )

KK 1 Dg+⋅ Vg Dg Ve Vs Va, ( )⋅+( )
1.5

⋅

d1 Dg de⋅+( )
2

:=
 Equation 6.93 

Peak cathode current density Jc Vg_pk Vs, 0.15V0, ( ) 1.27 A cm
2−

⋅⋅=

Area of the cathode Ac

Ic_pk

Jc Vg_pk Vs, 0.15V0, ( )
:= Ac 201 cm

2
=

Cathode current Ic Vg Vs, Va, ( ) Ac Jc Vg Vs, Va, ( )⋅:=

Choose the length of the anode λ
c

f
:= La

λ

16
:= La 170 mm=

Cathode diameter dc

Ac

π La⋅
:= dc 38 mm=

Anode inner diameter da dc 2 d1 d2+ d3+( )⋅+:= da 55 mm=
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Primary current division factor δδ
a

a

π 1 Dg+( )⋅

rg1

2 d1⋅
⋅ ln

4 e⋅ d1⋅

rg1









⋅ 2 rg1⋅+

1−:=  Equation 6.62 

 Equation 6.61 
Grid current / anode current GF Vg Vs, Va, ( )

1

δδ

Vg

Ve Vs Va, ( )
⋅:=

Grid current Ig Vg Vs, Va, ( )
GF Vg Vs, Va, ( )

1 GF Vg Vs, Va, ( )+
Ic Vg Vs, Va, ( )⋅:=

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

Find grid voltage for constant anode current Vg 0 V⋅:= V1g Ia Vs, Va, ( ) root Ia Vg Vs, Va, ( ) Ia− Vg, 400− V⋅, 400 V⋅, ( ):=

Anode dissipation
Pa 1 ηe−( ) P0⋅:= Pa 257 kW=

Anode power density
Wa

Pa

π da⋅ La⋅
:= Wa 877 W cm

2−
⋅=

Summary of the tube dimensions

a 0.86 mm⋅= rg1 0.040 mm⋅= rg2 0.052 mm⋅=

d1 0.86 mm⋅= d2 0.86 mm⋅= d3 6.9 mm⋅=

dc 38 mm= La 170 mm= da 55 mm=
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V1a 1.5 kV⋅ 1.6 kV⋅, 15 kV⋅..:=
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