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Abstract 

 
High- voltage pulse generators (ex: Marx type) has been used to drive a helical antenna [1 - 3] to 
radiate a moderate band of frequencies [4]. Quite often, we will need a transition section between 
the last output switch of the pulse generator and the feed terminal of the helical antenna. If the 
pulse generator is of the coaxial type, where we have a flaring coaxial line at the end of the 
generator, the diameter of the outer conductor needs to be reduced after the flare to efficiently 
energize the helical antenna. This note addresses this issue by considering a dual conical 
transition section. 
 
 
-------------------------------------- 
Cleared by US Army/White Sands Missile Range for public release on 21 March 2016 
 
 
 
 
 



 2 

1. Introduction 
 

As an example, we briefly review the work of Mayes et al., in [1], where they applied the output 
of a Marx generator to a helical antenna. Their geometry and the experimental parameters are as 
follows: 
 

    
                                   
                            Figure 1. Output voltage waveform from the Marx generator in [1] 
 
                Table 1. Parameters of the helical antenna in [1] designed for 1 GHz 

Parameter Mayes’ Helix 
Axial length L 77.0 cm 
Diameter D 9.5 cm 
Circumference: C = 
πD 

30.24 cm 

Spacing (pitch) S 7.70 cm 
Pitch angle α  14.29° 
Length of 1 turn LT 31.20 cm 
Number of turns N 10 
Wire radius r 1.5 mm (guess) 

 
 
 

 
 
                                        Figure 2. Radiated electric field at a distance of 100m 
 

150 kV; 400ps rise;  
FWHM ~ 6ns  
Spectral:    DC to 1 GHz 
 

Radiated Field: 
Temporal           
300V/m peak at 100m 
r Ep / V0   
~ 100m x 300(V/m)/150 kV 
~  0.20  
Spectral  Max:   ~ 1 GHz 
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High- voltage pulse generators (ex: Marx type) have also been used to drive a helical antenna [2 
- 3] to radiate a moderate band of frequencies [4]. Quite often, we will need a transition section 
between the last output switch of the pulse generator and the feed terminal of the helical antenna. 
If the pulse generator is of the coaxial type, where we have a flaring coaxial line at the end of the 
generator, the diameter of the outer conductor needs to be reduced after the flare to efficiently 
energize the helical antenna. The flare in the coaxial geometry converts a planar TEM wave into 
a spherical TEM wave. Baum et al., addressed the issue of converting a spherical TEM wave in a 
conical coaxial line into a planar TEM wave in a cylindrical coaxial line. The flaring section at 
the output of the pulse generator needs to be connected to the feed terminal of a helical antenna 
which means the diameter of the coax needs to be small. This is the hole in the ground plane in 
driving the helical antenna as shown in Figure 1. This note addresses the issue of connecting the 
flaring or cylindrical coaxial line output of the pulse generator to the feed point of a helical 
antenna.  

 
 

2. Review of a Prolate Spheroidal Lens 
 
Baum et al., [5] have considered matching a conical coaxial line with a cylindrical coaxial line at 
high frequencies. They have accomplished this by filling the conical region with a uniform, 
isotropic dielectric with frequency independent dielectric constant (lossless and dispersion less 
up to some frequency). The geometry is shown in Figure 3.  
 

 
 
 
  
 
 
 The design equations for the above prolate-spheroidal lens are given below. They come 
from matching impedances, geometrical considerations and equal transit times of outermost and 
innermost rays. 
 

Figure 3. Prolate Spheroidal Lens with Circular Conical Transmission 
Line Feeding Circular coaxial Line as in [5]  
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By normalizing all linear dimensions to the outer radius b, one has 6 equations and 6 unknowns, 
which can be solved on a computer.  The above set of equations was solved using a simple code 
in MathCAD and the results are found to be: 
 
  
  
   
The above numerical result agrees well with the results in Table B. 3b on page 37 of [5]. 
 
However, Baum et al., do not proceed to find the frequency response of the lens via S-parameter 
estimation. We have done this using HFSS and the S-parameter calculations are shown in Figure 
4. 
 
 
 
 
 
           

Impedance consideration 
 
Impedance consideration 
 
Equal transit time on outermost ray 
 
Equal transit time on innermost ray 
 
 
Geometrical consideration 
 
Geometrical consideration 

α1 11.287= β1 38.159= a 0.435= L 2.306= ∆ 0.128= ∆p 1.033=
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Figure 4. S-parameter estimation of the prolate Spheroidal lens of Figure 5. 

 
It is observed from Figure 2, that the prolate-spheroidal lens works well into > 500 MHz and a 
small amount of the TEM mode in the conical input line is converted to TM modes. We can now 
proceed to extend this lens analysis and customize this for the problem at hand. 
 
3. Dual-Cone Lens (Extension of the Prolate Spheroidal lens) 
 
In the case of prolate-spheroidal lens the output is a cylindrical coax with a large outer diameter. 
In the problem at hand of feeding a helical antenna, we need to minimize the size of the hole in 
the ground plane or the feed point. The required geometry is shown in Figure 5. 
 
The last output switch of the generator could be at the left apex and we have a ground plane and 
the helical antenna on the right side. It is observed that if the Length L1 on the right is made to 
be infinite, this problem reduces to the prolate spheroidal case of the previous section.  
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Figure 5.  Dual Cone Lens as an interface between the last output switch  
                                             and the feed point of the antenna 
 
 
As before, we have extended the design equations for the dual cone lens and obtain the following 
set of equations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The unknowns are 
 

Given
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The design equations are governed by impedance matching, equal transit time of outermost and 
innermost rays and geometrical considerations. We have verified that by letting L1 tend to 
infinity, the equations reduce to that of the prolate spheroidal lens. In this sense, the prolate 
spheroidal lens is a limiting case of the dual conical lens. 
 
Once again, we have solved the above set of equations on a computer, by setting b = 1, and 
obtained a family of solutions listed in Table 1. 
 
 

TABLE 1.  Family of Solutions for the Dual Cone Lens Equations 
 

52.341.0140.1250.4272.341.1230.48836.84710.8750111

8.750.8960.1060.3832.758.2513.59228.3028.246110

7.870.8740.1030.3762.879.6624.20926.5957.726519

6.480.7950.0930.353.4814.766.44820.3935.884318

6.420.7750.0910.3463.6215.596.81619.3745.5842.817

6.400.7680.0890.3413.8016.537.23118.2255.2482.616

6.410.760.0880.3393.9117.057.4617.5935.0632.515

6.810.7130.0830.3254.8120.238.87213.6973.932.014

9.410.6450.0770.307.9124.9911.007.832.241.513

23.30.5870.0730.29222.129.2212.9352.6610.761.212

CEGENVERCONNo1.111

L+L1∆’∆aLβ2β1a2a1L1bCase

52.341.0140.1250.4272.341.1230.48836.84710.8750111

8.750.8960.1060.3832.758.2513.59228.3028.246110

7.870.8740.1030.3762.879.6624.20926.5957.726519

6.480.7950.0930.353.4814.766.44820.3935.884318

6.420.7750.0910.3463.6215.596.81619.3745.5842.817

6.400.7680.0890.3413.8016.537.23118.2255.2482.616

6.410.760.0880.3393.9117.057.4617.5935.0632.515

6.810.7130.0830.3254.8120.238.87213.6973.932.014

9.410.6450.0770.307.9124.9911.007.832.241.513

23.30.5870.0730.29222.129.2212.9352.6610.761.212

CEGENVERCONNo1.111

L+L1∆’∆aLβ2β1a2a1L1bCase

 
 
Of all the 11 cases listed above, there was no convergent solution for case 1. Case 6 above 
appears to be the optimal, in the sense it minimizes the parameter L + L1 or the overall length of 
the lens. We have chosen this solution for further evaluation. This solution is shown inn Figure 
6.  

)(',,

22

11

DimensionsLinearFouraL

AnglesConeOutput

AnglesConeInput

∆∆

βα

βα
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Figure 6. Chosen solution for further evaluation 

 
We can now proceed to evaluate the S-parameters of the dual cone lens of Figure 4. This has 
been done using HFSS and the results are shown in Figure 7. 
 
 

 
 

 
Figure 7. Calculated S-parameters of the dual-cone lens 

 

S21 

S11 
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Performance of the Dual Cone Transition Section shown in Figure 5 is for the case of  b = 1 m;  
This dual conical line is seen to perform very well by examining S11 and S12, over an extremely 
broad band of frequencies. 
One has to scale the frequency axis for other values of b. For example: if b = 20 cm; multiply the 
frequency axis by 5.  If b (the maximum radius of the outer conductor is 20 cm or less), this lens 
is seen to work well into a few GHz and thus help get most of the spectral content of the pulser 
waveform on to the antenna.  
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