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Abstract

This paper presents analytical calculations for a switch system surrounded by a
uniform spherical launching lens. The height of the pressure vessel and the relative
dielectric constant of the launching lens are determined as a function of the pressure
vessel radius. A simple transmission line model is used to calculate the transmission
coefficient for a wave propagating through the switch system and the launching lens.



1 Introduction

The switch system consists of the switch cones, hydrogen chamber and pressure vessel [1, 2].
Various switch and guiding structure configurations were investigated in [3-6]. This paper explores
the integration of the hydrogen chamber and pressure vessel with the switch cones. The design
of a launching lens, surrounding the pressure vessel, is also explored. One of the more important
features of the switch designs in [3-6] is that the geometric center of the switch cones is the first
focal point. This allows for the use of a uniform spherical launching lens; compared to the more
complex designs in [7—10]. Two parameters are analytically investigated in this paper,

1. The radius (and height) of the pressure vessel.
2. The relative permittivity of the spherical launching lens.

2 Design of the pressure vessel and launching lens

Figure 2.1 shows the setup of a cylindrical pressure vessel with a spherical launching lens. The
objective is to determine the optimum dimensions of the pressure vessel which leads to a practically
reasonable relative dielectric constant for the launching lens. The following notations are used,

€, = 1.0 = relative permittivity of hydrogen chamber

€r,, = 9.7 = relative permittivity of pressure vessel

€ry, = relative permittivity of launching lens; to be determined

0 = switch cone half-angle

0; = incidence angle for ray OA travelling from hydrogen chamber into pressure vessel
0, = transmitted angle for ray AB travelling from hydrogen chamber into pressure vessel
hew = height of switch cone

Taw = radius of switch cone

Pne = height of hydrogen chamber

The = radius of hydrogen chamber

Py = (half-)height of pressure vessel

Tpv = radius of pressure vessel

o = radius of spherical launching lens

Nswep = height of switch gap

For a 200 €2 bicone switch immersed in the pressure vessel medium, Z, = (200 2/, /€, ). Therefore,

the half-angle of the switch cones is 6 = g — 0; = 45.58°.

We require the ray travelling along the edge of the switch cone, ray OA, to be refracted such
that it takes path AB where B is the edge of the pressure vessel. Therefore, we have from Snell’s
law,

Ve, sin(0;) = (/& sin(6;) = 0, = arcsin ( Erhe cos(@)) ; (2.1)
\/ €.
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Figure 2.1: Diagram for cylindrical pressure vessel and launching lens calculations.
Also,
tan(f) = 2 = " o py = e cot(6) (2.2)
hhc hsw
n n
tan(6;) = g 6, = arctan (;) (2.3)
Further,
" =1y — e = “thickness” of the pressure vessel (2.4)
h' = hpy — hye = hpy — e cOt(0) (2.5)
Substituting (2.4) and (2.5) in (2.3),
h v h c
6, = arctan (p—h) (2.6)



From (2.1) and (2.6)
arctan (M) = arcsin (‘ [ rme cos(0)> (2.7)
rpv — The Erp\,
hyy — The cot(6 ) ,
= ey The €O (6) = tan (arcsm (‘ leicos(ﬁ))> (2.8)
Tpv — The erp\,

Therefore, the height of the pressure vessel can be determined as a function of its radius, i.e.,

hpv - [TPV - Thc] tan <arcsin (\ / ﬁ COS(Q))) T The COt(‘g) (29)
ET‘pv

To determine the relative permittivity of the spherical launching lens, the equal time condition
must be satisfied, i.e.,

OA\/e,,. + AB /e, = oC" /e, +C"C’, /€y + C'C\/er, (2.10)
From Fig. 2.1,
OC" = rey = The

sin(0) = Ooi = 0A= Si:@)

C"C'=71" =1y — The (2.11)
) h By — The cot (0
sin(f;) = 15> AB = -2 sin}EGt) 9)

OB* = 0C" + C'B* = ry = \[r2, + 2,
C'C=ry—rp= m- Tpv
Substituting (2.11) in (2.10),
hpy — The cOt(6)

Li:lh(cé)} Vet { sin(6,) ] Vo = They/Erme T [Tpv = Thel y/Erp + [\/m_ rpv] NG
(2.12)

.. €, is determined as

hyy — The cot(6) 2

esel) = Uy + || eSOy ]| v
- 2.13
€ 1 TIQ)V ¥ h%w . Tpv ( )

2
Ry — The cot(6)

9 - 1 c\/ €Er + - A\ c \ “rpv

[CSC( ) ] Th € hc ErhC/ETPV COS(Q)] [rp Th ]] € P

— el (2.14)
rpv + h’pv — Tpv

67””




3 Discussion

Equations (2.9) and (2.14) are plotted as a function of rp,, in Fig. 3.1. Only specific regions of the
hpy and €, curves lead to practically acceptable solutions. In these regions, the curves satisfy the
following two constraints,

1. The use of a cylindrical pressure vessel mandates the need of cylindrical (guiding) structures
over the switch cones as shown in Fig. 3.2. These cylindrical structures, of height H .,
are required to provide structural support to the pressure vessel. They also serve to guide
the waves originating from the source. It is evident that H., must be constrained such
that Hess + hsw > hpy. For the discussion that follows, consider Hegs + hsw = hpy, i.€., the
cylindrical guiding structures end at the edge of the pressure vessel. Further, it is desired that
the spherical TEM wave, of rise time t5 = 100 ps, is guided by the switch cones, cylindrical
support structures and the feed arms, i.e., Hegs + how = hpy < cts. If Hegg + hgw = hpy > cts,
the wave will be guided only by the switch cones and the cylinder and not by the feed arms.
Let us assume for the calculations that follow that hy, < 2.0 cm = (2/3)cts.

2. The medium surrounding the switch, pressure vessel and launching lens is assumed to be
oil, €., = 2.25 as shown in Fig. 3.2. For a net increase in the transmission coefficient
(“bump-up”), the relative permittivity of the launching lens must be constrained such that
€rog < €y < €pp, = 2.25 <€, < 3.7
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Figure 3.1: ¢,, and hp, as a function of r,.
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Figure 3.2: Cylindrical pressure vessel showing the need for a cylindrical guiding structure on top

of the switch cones.
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e A larger r,, leads to a larger hy,, and ¢,,.

o At r,, = 1.867 cm, h,, = 1.024 cm and ¢, = 2.25, i.e., the surrounding oil medium can
be used as the launching lens. These dimensions of the pressure vessel are attractive from a
fabrication point of view.

The curves in Fig. 3.1 are for Z, = 100 Q. From (2.9) and (2.14), hy, and €, are also a function
of the bicone impedance, 6. For example, for Z, = 75 1, ¢, = 2.25 = r,, = 1.764 cm and

ETU

switch cones

hpy = 0.742 cm, i.e., for a smaller bicone impedance a smaller pressure vessel is required.



4 Transmission coefficient for a given ¢,,

The transmission coefficient of a wave travelling from the hydrogen chamber to the free space
surrounding the oil medium can be determined using the transmission line model shown in Fig.
4.1.

The transmission coeffcient, T}, of a wave travelling from the hydrogen chamber to the pressure
vessel is

27, .
g pum— v 4-].
Tne + Zoe 24 12 (4.1)

hce

T

since Z o e /2. Similarly, the transmission coefficient, T, from the pressure vessel to the launching
lens is

QZ” 26;1/2
Ty = = L (4.2)
va + le 67;];/2 ‘l‘ E""_lll/z
T3, from the launching lens to the surrounding oil medium
271 21
T — [0} — oil 43
T Zu+ Za 6;”1/2 + 6;0111/2 (43)
Ty, from the oil medium to the surrounding free space
27 oir 26;1/2
T — — air 4‘4
! Zair + Zoil 67«_&}/2 + Er_oill/2 ( )

Therefore, the total transmission coefficent is

Zr Zoil  Zu Zpv Zhe
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Figure 4.1: Transmission line model of switch system.

T T ToT:T 267"_19}//2 267“_ll1/2 26':(>i11/2 267“_ai1r/2 (4 5)
total — 4142143144 = — — — — — _ _ _ :
67“hlc/2 tér p}]/Z 67"plv/2 + 67‘111 2 67’111 /2 + 6%11/2 erailr/2 + 67‘031/2

Substituting €, = €., = 1.0, €., = 3.7, and €, = €, = 2.25 = Ti51a = 0.923.

Note that the maximum net transmission coefficient with respect to ¢,, for €., = €., =
1.0, €, =3.7, and ¢, =2.25is
dT
=0=¢,=28)=T=0.926 (4.6)
d<67'll)
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Concluding Remarks

The surrounding oil medium can be used as the launching lens for r,, = 1.867 cm and h,, =
1.024 cm for a 200 €2 bicone source. From an ease-of-fabrication perspective, the pressure vessel
dimensions for €,, = €, = 2.25 are very attractive. The formulas presented in this paper can also
be used to calculate hp, and €,, as a function of the bicone switch impedance.
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