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This sheet explores the design of a helix TWT (see section 14.4.1)

Define constants

Charge/mass ratio of the electron η 1.759 10
11

⋅ C⋅ kg
1−

⋅:= dB 1:=

Basic performance requirements

Minimum RF output power PRF 1000 W⋅:= Minimum saturated gain Gsat 33 dB⋅:=

Frequency band f1 2.0 GHz⋅:= to f2 4.0 GHz⋅:=
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i) Calculate the DC beam power

If the band edges are the 1 dB points, then the band centre power is  P0 1.259 PRF⋅:=

Choose the synchronous frequency

f0 3.0 GHz⋅:= or, in radians ω0 2 π⋅ f0⋅:= ω1 2 π⋅ f1⋅:= ω2 2 π⋅ f2⋅:=

Estimate the effiiciency of the tube at the band centre on the basis of experience and comparison with

other similar tubes. This estimate can be revised later from large-signal calculations

ηe 0.26:=

ii) Choose a trial value of the gun perveance. This is likely to lie in the range 0.1 to 2.0 µA V-1.5

 Perv 1.9 μA⋅ V
1.5−

⋅:=

The DC beam power required is then given by

PDC

P0

ηe

:=

The anode voltage and beam current can now be calculated 

Va

PDC

Perv









0.4

:= Va 5.8 kV⋅=

I0

PDC

Va

:= I0 0.84 A⋅=
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iii) Choose the beam filling factor b/a which is typically in the range 0.5 to 0.7

b_a 0.5:=

Calculate the beam velocity and the effective beam voltage within the helix allowing for space-charge potential depression. 

u0 VD 0←

u
n

c 1
1

1
η Va VD−( )⋅

c
2

+








2
−













0.5

⋅←

VD

I0

2 π⋅ ε0⋅ u
n

⋅
1 2 ln b_a( )⋅−( )⋅←

n 0 10..∈for

u
n

return

:=

Rel
1

1
u0

2

c
2

−

:=
V0

c
2

η

1

1
u0

2

c
2

−

1−












⋅:=

V0 4.92 kV⋅=

u0 4.130 10
7

×
m

s
=

The electronic and free space propagation constants at the band centre are given by

βe ω( )
ω

u0

:= βe ω0( ) 456.387
1

m
=

and the radial propagation constant is

γe ω( ) βe ω( )
2 ω

2

c
2

−:= γe ω0( ) 452.035
1

m
=
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iv) Choose a value for the normalised beam radius at the band centre which is typically in the range 0.5 to 1.0. Recall that choosing a

large value results in lower coupling impedance and that the value at the top of the band will be greater than that chosen at the centre.

γeb 0.7:=

Calculate the beam radius and the helix radius

b
γeb

γe ω0( )
:= and a

b

b_a
:= b 1.55 mm⋅= a 3.10 mm⋅=

The charge density in the beam is calculated using

 ρ
I0

π b
2

⋅ u0⋅

:= ρ 2.689 10
3−

× C m
3−

⋅⋅=

v) The plasma frequency is calculated using

 ωp η
ρ

ε0

⋅:= ωp 7.309 10
9

×
1

s
=

The Brillouin field is given by

BB 2
ωp

η
⋅:=   so that BB 0.059 T⋅=

The magnetic field multiplication factor is chosen to give the best compromise between adequate

beam stiffness and the size and weight of the magnet. Assume that

mB 1.1:=

so that the RMS PPM field required is B0 mB BB⋅:= and B0 0.065 T=

The peak value of the PPM field is then  Bpk B0 2⋅:= giving Bpk 0.091 T⋅=
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ωL

η

2
B0⋅:= βL

ωL

u0

:=

βp

ωp

u0

:= 2 βL
2

⋅

βp
2

1.100=

For acceptable ripple without excessive demagnetising field α should be in the range 0.1 to

0.2

α 0.15:= βppm

βL

α
:= Period

2 π⋅

βppm

:= Period 17.7 mm⋅=

Check that the constant in eq. (29) in Bliss, E. E. (1962). Traveling-wave tube design.  Electron Tube design, Radio Corporation

 of America :  898-928 is in the range 8 to 10.

Bpk 914.1 G⋅=
2 π⋅

βppm

0.696 in⋅= V0 4919 V= CB

Period Bpk⋅

V0

:= CB 9.1
in G⋅

V
⋅=
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vi) Computation of the reduced plasma frequency 

ωq ω( ) γa γe ω( ) a⋅←

γb γe ω( ) b⋅←

τb p( ) γb

1

p
2

1−

1

p
2

2 mB
2

1−



⋅−

1−















1

2

⋅←

fn1
1

γb

I1 γb( ) K0 γa( )⋅ I0 γa( ) K1 γb( )⋅+

I0 γb( ) K0 γa( )⋅ I0 γa( ) K0 γb( )⋅−
⋅←

fn2 p( )

1
1

p
2

−

τb p( )

I1 τb p( )( )

I0 τb p( )( )
⋅←

fn p( )
1

fn1

1

fn2 p( )
−←

p0 0.9←

ωq root fn p0( ) p0, ( ) ωp⋅←

:=

βq ω( )
ωq ω( )

u0

:= βq ω0( ) 66.8
1

m
=

The ratio of the reduced plasma frequency to the centre frequency is

ωq ω0( )
ω0

0.146=

Calculate the electronic impedance of the beam

Ze ω( ) 2
ωq ω( ) V0⋅

ω I0⋅
⋅:= Ze ω0( ) 1.72 kΩ⋅=

Ye ω( ) Ze ω( )
1−

:=

Estimate the conversion efficiency at the synchronous point and at the band edges

Capture ratio
 Equation 14.56 

CR 0.7:= ηe ω( ) CR 1

1
ωq ω( )

ω
−

1
ωq ω( )

ω
+













2

−















⋅
V0

Va

⋅:= ηe ω1( ) 0.28= ηe ω0( ) 0.265= ηe ω2( ) 0.25=
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vii) Synchronous point

The slow-wave propagation constant is

βs ω( )
ω ωq ω( )+( )

u0

:= γs ω( ) βs ω( )
2 ω

2

c
2

−:= βs ω0( ) 523.229
1

m
=

For synchronism at frequency f0 the phase velocity of the wave on the helix is

vs

ω0

βs ω0( )
:=  so that vs 3.603 10

7
×

m

s
= and

u0

vs

1.146=
vs

c
0.120=

viii) Calculate the dimensions of the helix 

Specify the shield radius and the number, wedge angle and relative permittivity of the support rods. Also the tape helix factors (see section 4.3.4)

rs 2 a⋅:= N 3:= θ 20 deg⋅:= εr 10:= αC 1:= αL 1:=

The effective permittivity of the support rods is

ε2 1
N θ⋅

2 π⋅








εr 1−( )⋅+:=  Equation 4.82 

Check the approximate cut-off frequency of the TE11 coaxial mode

f11

c

π a⋅ 1
rs

a
+









⋅

:=
f11 10.3 GHz⋅=
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Equivalent circuit parameters for the helix

L1 γ ψ, ( ) γa γ a⋅←

γs γ rs⋅←

L0

μ0

2 π⋅
I1 γa( )⋅ K1 γa( )⋅ cot ψ( )

2
←

L1 L0 1
I1 γa( ) K1 γs( )⋅

I1 γs( ) K1 γa( )⋅
−









⋅←

:= C1 γ( ) γa γ a⋅←

γs γ rs⋅←

C0

2 π⋅ ε0⋅

I0 γa( ) K0 γa( )⋅
←

D γa I0 γa( )⋅ K1 γa( )⋅ 1
I1 γa( ) K0 γs( )⋅

K1 γa( ) I0 γs( )⋅
+









⋅←

εeff 1 ε2 1−( ) D⋅+←

C1 C0 εeff⋅ 1
I0 γa( ) K0 γs( )⋅

I0 γs( ) K0 γa( )⋅
−









1−

⋅←

:=

Phase velocity

vp γ ψ, ( )
1

αL αC⋅ L1 γ ψ, ( )⋅ C1 γ( )⋅
:=

Find the pitch angle which gives the required phase velocity at synchronism

ψa 10 deg⋅:= ψ root vp γs ω0( ) ψa, ( )
ω0

βs ω0( )
−








ψa, 









:= ψ 8.7 deg=

Helix pitch ph 2 π⋅ a⋅ tan ψ( )⋅:=
ph 3.0 mm=
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Propagation constant

Phase velocity and group velocity

β0 ω( ) γ β( ) β
2 ω

2

c
2

−←

β βs ω0( )←

β0 root
β

L1 γ β( ) ψ, ( ) C1 γ β( )( )⋅
ω− β, 








←

:=

vp ω( )
ω

β0 ω( )
:=

vg ω( )
ω
β0 ω( )

d

d









1−

:=

Check synchronism β0 ω0( ) βs ω0( )− 0 m
1−

=

Frequency at the pi mode
fπ

1

2 π⋅
root

βs ω0( ) ph⋅

π
1− ω0, 









⋅:= fπ 6.21 GHz=

Transverse impedance, characteris tic impedance and Pierce impedance

Zt γ( )
αL L1 γ ψ, ( )⋅

αC C1 γ( )⋅
:=

Zc ω( ) γ β0 ω( )
2 ω

2

c
2

−←

vp ω( )

vg ω( )
Zt γ( )⋅

:= Yc ω( )
1

Zc ω( )
:=

Zc ω0( ) 83.8Ω=

γ0 ω( ) β0 ω( )
2 ω

2

c
2

−:= Zp ω( )
Zc ω( )

I0 γ0 ω( ) a⋅( )2
:=

Compute the coupling factor corresponding to the approximate propagation constant of the growing wave 

γ1 ω( )
1

2
γ0 ω( ) γs ω( )+( )⋅:= μc ω( )

2

γ1 ω( ) b⋅

I1 γ1 ω( ) b⋅( )
I0 γ1 ω( ) a⋅( )

⋅:=
μc ω0( ) 0.616=
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ix) Calculate the approximate gain per unit length using the two-wave model. Eq (11.145)

βw ω( )
1

2
βs ω( ) β0 ω( )+( )⋅:= αw ω( )

1

2
μc ω( )

2
Zc ω( )⋅ Ye ω( )⋅ β0 ω( )⋅ βs ω( )⋅ β0 ω( ) βs ω( )−( )2

−⋅:=

Gain ω( ) 20 log e( )⋅ αw ω( )⋅:= Gain ω0( ) 308 dB m
1−

⋅⋅=

Assuming that the tube has Ns 2:=  sections, and that the launching loss is 6 dB, the sever loss is 6 dB and the gain

compression is 3 dB then the active tube length (calculated at the lowest frequency where the wavelength is least) is

Lh ω( )
Gsat 6+ Ns 1−( ) 6⋅+ 3+ 

Gain ω( )
:= Lh ω1( ) 174 mm⋅=

The actual length of the helix must include the length of the attenuator(s) at the sever. In this region

the gain is small. For a good match each attenuator should be about 3 wavelengths long. Thus the

total length of the attenuators is

La Ns 1−( ) 6⋅
2π

βw ω0( )
⋅:= La 72 mm⋅=

Thus the total length of the helix is La Lh 2 π⋅ f1⋅( )+ 246 mm⋅=

Define plotting ranges

n 0 6..:= f3 1.500 2.000 2.500 3.000 3.500 4.000 4.500( )
T

:= ω3 2 π⋅ f3⋅ GHz⋅:=

Helix phase velocity vh
n

ω3
n

β0 ω3
n( )

:= Slow space-charge wave velocity vs
n

ω3
n

βs ω3
n( )

:=

Approximate small-signal gain allowing for launching and sever loss Gh
n

Gain ω3
n( ) Lh 2 π⋅ f1⋅( )⋅ 12−:=
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 Tube parameters (Table 14.3) 

ηe 26 %= b 1.55 mm⋅=

Perv 1.9μA V
1.5−

⋅= a 3.10 mm⋅=

Va 5.79 kV⋅= BB 0.059 T=

I0 0.84 A= Bpk 0.091T=

b

a
0.50= Period 17.7 mm=

V0 4.92 kV⋅= Lh ω1( ) 174 mm=

γe ω0( ) b⋅ 0.70=
vs

c
0.120=

 Figure 14.26(b)

Note this is the estimated small-signal gain for

the whole tube, not a single section as stated in

the book 

 Figure 14.26(a) 
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