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This invention relates to dielectric-loaded wave-guide
for example the wave-guides described in Application
Serial No. 115,862.

It also relates to linear accelerators of electrons com-
prising loaded wave-guides.

In accordance with the present invention, the power
dissipated in a wave-guide as the result of conduction loss
in the metal wall thereof is reduced by making the di-
electric to have, over the cross-section of the guide, differ-
ent degrees of dielectric constant.

The wave-guide may be circular or it may have two
parallel fiat sides. The dielectric may comprise spaced
transverse washer-like rings having inner and outer pe-
ripheries similar in shape to the wave-guide cross-sec-
tion, each ring being thinner at its inner and outer pe-
ripheral regions than at the intermediate region.

One criterion of the goodness of a wave-guide for a
linear electron accelerator is its “shunt impedance” or
“efficiency,” n. The relationship

B2
1%,
holds, where E is the longitudinal accelerating field on
the axis and w is the power dissipated in the guide per
unit length. Thus it is advantageous to reduce the power
dissipation which occurs with a given accelerating field.
Power dissipation occurs as conduction loss in the metal
walls of a wave-guide and as a “dielectric loss” in any
dielectric material in the wave-guide. The invention pro-
vides a method of reducing the conduction loss.

In the accompanying drawing, Fig. 1 shows the pro-
posed wave-guide in section.

There is an axial hole A for the electrons to pass
through: There are then three co-axial tubular regions 1,
2, 3 containing dielectric loading material and finally a
metal conductor, B.

The wave propagated is a circularly symmetrical E
mode with radical variation as shown on the left of the
diagram. The boundary between regions 1 and 2 is in the
vicinity of the first radial node of Ea.

The boundary between 2 and 3 is in the vicinity of the
first non-zero radial node of He. The outer boundary
of 3 coincides with the second radial node of Ez to give
the correct conditions adjacent to the conductor.

The dielectric in Tegion 2 is arranged to be electrically
denser than that in either region 1 or region 3. The di-
electric in regions 1 and 3 may advantageously be made
anisotropic in the well known manner with ep>ez. The
dielectric in region 2 may be either isotropic or anisotrop-
is with its axes of anisotropy in any direction. The di-
electrics in regions 1 and 3 may be either the same or dif-
ferent. v

An ordinary dielectric loaded guide is bounded outside
by a metal wall at a radius equal to that of the first node
of Bs, and contains only one kind of dielectric corre-
sponding to region 1 in the improved form. In either
the ordinary or the improved kind of guide the conduc-
tion loss per unit length is proportional to poHg?; where
po is the outside radius, and Hg, is the magnetic field at
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the-outside. Calculations showthat poHe2 may be:made
.stibstaritially less in the improved kind of guide. For

example, using the same simulated anisotropic material in
regions 1 and 3 of the improved guide and in an ordinary
guide (with characteristics ¢/e0=100, K=0.3, where

d
E=5

as shown in Fig. 2) and an isotropic solid dielectric (with
¢/e0=16) in region 2 of the improved guide, the im-
proved gnide had a value of poHg? about 25 times less
than the ordinary guide. Although, in this example, the
improved guide was about twice the diameter of the or-
dinary. guide the reduction in He, more than compen-
sated for the increase in diameter; this reduction in
Hg, can presumably be ascribed to a favourable interfer-
ence between the reflections from the dielectric interfaces.

One simple practical way of making the improved guide
is with dielectric discs C as shown in Fig. 2 of the draw-
ing, and by including spacing washers made of a mate-
rial, such as polythene, having a low dielectric constant
in the region 2 between the discs, the location of the discs
is readily assured. The discs C may be of composite con-
struction to provide the desired anisotropicity.

Such a guide is capable of propagating at least one
mode other than the correct mode. An incorrect mode
has a different phase velocity from the desired mode and
therefore has little effect upon the electrons, but never-
theless power is wasted.

We claim: :

1. A dielectric-loaded waveguide for propagating an
electromagnetic wave in the E or TM mode of at least
the second order in which the effective dielectric con-
stants in the radial direction of adjacent coaxial tubular
regions bounded approximately by successive nodal sur-
faces within the electromagnetic field are of two differ-
ent values alternating in the radial direction, the inner-
most and outermost regions being of the lower value, said
constants -being uniform between nodes.

2. A waveguide as claimed in claim 1 wherein the
actual dielectric constant of one region differs from that
of an adjacent region.

3. A waveguide as claimed in claim 1 wherein the vol-
ume of said solid dielectric material in one region differs
from that in an adjacent region.

4. A waveguide as claimed in claim 1 wherein the
change in effective dielectric constant is- abrupt at the
nodal surfaces.

5. A waveguide as claimed in claim 1 wherein the di-
electric material in one or more regions is anistropic.

6. A dielectric-loaded waveguide for propagating an
electromagnetic wave in the E or TM mode of at least
the second order comprising a-tubular metal conduc-
tor containing a plurality of coaxially arranged centrally
apertured discs of dielectric material each of two differ-
ent alternating thicknesses within adjacent coaxial tubu-
lar regions bounded approximately by modal surfaces
within the electromagnetic field of the waveguide, the
thickness between nodal surfaces being uniform, the
smaller thickness being in the region nearer the axis.

7. A dielectric loaded waveguide comprising a tubular
metal conductor enclosing three coaxial dielectric sleeves
the surfaces 'of said sleeves being substantially coincident
with nodal surfaces within the electromagnetic field of the
waveguide and the dielectric constant of adjacent sleeves
being different, said constants being uniform between
nodes and the innermost and outermost sleeves being of
the lower value.

(References on following page)



2,700,149

References Cited in the file of this patent = FOREIGN PATENTS

UNITED STATES PATENTS o 597,251 ° "Great Britain 2___________ Jan, 21, 1948

2,129,669  BOWen ——oo—oo Sept. 13, 1938 OTHER REFERENCES
2,129,711 Southworth _ o ____ Sept. 13, 1938 6  Publication I, Sakiotis et al., “Microwave-Antenna Fer-
- 2,231,602 Southworth . __________ Feb. 11, 1941 rite Applications,” Electronics, June 1952, pp. 156-166.

2,508,479 Wheeler —— May 23, 1950 Copy in Div. 69,



