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This invention relates to waveguides, and more particu 
larly to transition sections between hollow pipe and sur~ 
face transmission waveguides. 

This application is a continuation of application Serial 
No. 155,480, ?led April 12, 1950, now abandoned. 

Hollow pipe and surface waveguides for the trans 
mission of electromagnetic energy are coming into greater 
use with the increase of efficiency of the generators of 
high frequency. Surface waveguides and hollow pipe 
waveguides each guide energy from one place to another. 
The hollow pipe waveguides enclose the electromagnetic 
?elds. The energy is in the ?elds outside a surface 
waveguide, although partially within the guiding rod if it 
is of dielectric material, and entirely outside the rod only 
in some cases of metallic rods. It is often a problem to 
transfer energy e?iciently from one type of waveguide to 
the other type. 

It is an object of the present invention to transfer energy 
efficiently between a hollow pipe waveguide and a surface 
waveguide. 

Another object of the invention is to improve the 
transfer of energy between such waveguides. 
A further object of the invention is to increase the 

percentage of energy transfer between a hollow pipe and 
surface waveguide. 

These and other objects, advantages, and novel 
features of the invention will be more apparent from the 
following description when taken in connection with the 
accompanying drawing in which like reference numerals 
refer to like parts and in which: 

Fig. 1 is a diagram schematically illustrating an electro 
magnetic energy transmission system using hollow pipe 
and dielectric surface waveguides including a longitudinal 
cross-sectional view of a transition section between the 
waveguides; 

Fig. 2 is a longitudinal cross-sectional view of an alter 
native transition section which may be used in place of the 
one in Fig. l and which employs a horn termination on 
the hollow pipe waveguide; and 

Fig. 3 is a longitudinal cross-sectional view of a highly 
e?icient transition section according to the invention utiliz 
ing a dielectric lens. 

In accordance with the invention, the transition section 
between hollow pipe and surface waveguides includes a 
smoothly joined extension of one of said waveguides in 
creasing in transverse cross-sectional perimeter with dis 
tance toward the other waveguide. Thus, in the transition 
section, one may use a horn terminating the hollow pipe 
waveguide and facing the dielectric waveguide or one may 
use a ?ared section of the surface waveguide enlarging 
toward the hollow pipe waveguide. In a preferred form 
of the invention, a dielectric lens between the two wave 
guides is found to improve the energy transference. 

Referring now more particularly to Fig. l, a source 10 
supplies high frequency energy to a hollow pipe wave 
guide 12 which in this instance is circular. The con 
nection 14 between the source and waveguide 12 may be 
any of many well known conventional connections to 
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supply energy to the hollow pipe waveguide. The wave 
guide 12 is in this instance of circular cross section. 
Between the hollow pipe waveguide 12 and a dielectric 
rod 18 is a transition section 16. The dielectric rod 
waveguide 18 is in this instance circular in transverse 
cross section. Transition section 16 includes an exten 
sion 20 of the rod 18 which increases in transverse cross 
sectional perimeter and diameter with distance from the 
rod 18 toward the waveguide 12. The maximum diam 
eter of the rod extension 20 is in the plane 22, that 
plane at which an extension 24 of waveguide 12 ter~ 
minates. A further extension 26 continues from the ex 
tension 20 decreasing in transverse cross section perimeter 
with distance toward waveguide 12. The further ex 
tension 26 is tapered to a point on the axis of the exten 
sion 24. The rod waveguide 18 may carry energy from 
the transition section 16 to a load 27. The connection 
between the load 27 and the section 18 may be a transi— 
tion section similar to that of 16 but transferring energy 
in the reverse direction, as will be understood by those 
skilled in the art. 

Instead of the transition section 16 the section 48 of 
Fig. 2 may be employed. In this example. the wave 
guide 12 has an extension 30 smoothly joined thereto. 
The horn section 30 increases in transverse cross sectional 
perimeter with distance from waveguide 12 to waveguide 
18. Surface waveguide 18 has an extension 32 which 
extends within and terminates within the horn 30. 
A still further transition section 34 is illustrated in Fig. 

3 which uses a horn 30 which may be the same as that 
of Fig. 2. A lens 36, preferably of dielectric material, 
has a diameter to just close the mouth of horn 30 at the 
termination of the mouth. Dielectric surface waveguide 
18 in this instance terminates outside the horn mouth. 
The convergent dielectric lens 36 is between the wave 
guides 12 and 18. The transition sections 16, 43, and 
34, when used, each has its longitudinal axis in alignment 
with the axis of waveguides 12, 18. 
Of the three sections shown, that of Fig. 3 has been 

found to be the most e?icient. Waveguide 12 may com 
prise a circular copper tubing of 53/16 inch in internal di 
ameter through which the energy is propagated from the 
source 10 in the TE“ mode, at an operating frequency 
corresponding to a wavelength in air of 1.25 centimeters. 
The surface waveguide may comprise a dielectric rod of 
polystyrene circular in cross-section and Vs inch in di 
ameter. The lens 36 may be of polystyrene with a focal 
length of 3 inches and a maximum distance along the 
optical axis between diffracting surfaces of 0.650 inch. 
The horn mouth at its greatest internal diameter and the 
lens 36 preferably are about 3 inches in diameter. The 
dielectric rod surface waveguide 18 preferably terminates 
I/2 inch from the surface of lens 36. The horn is 3% 
inches long axially. The assembly in accordance with 
Fig. 3 having the foregoing dimensions was found to be 
the most efficient of the various transition sections shown 
above and is therefore considered a preferred embodiment 
at the present time. However, it should be noted that 
even though that of Fig. 3 has been found the most 
e?icient embodiment, it may be desirable for reasons of 
simplicity or otherwise to employ one of the transition 
sections 16 or 48. The transition sections disclosed here 
in may readily be adapted to other types of surface wave 
guides, such as those disclosed in the application of 
Charles H. Chandler, Serial No. 155,475, ?led April 12, 
1950, and titled “Surface Waveguide Systems." 
From the foregoing, it is apparent that the transition 

section of the invention is simple and convenient in con 
struction, provides a high e?iciency of energy transfer 
ence, and is particularly useful in systems in which it is 
desired to transmit energy along surface waveguides. 
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What is claimed is: 
1. A waveguide transmission system for electromag 

netic energy comprising, in combination, a hollow pipe 
waveguide; an outwardly ?aring horn extension axial 
ly aligned with said waveguide smoothly joined at the 
smaller end thereof to said waveguide and open at the 
larger end thereof; a surface wave rod waveguide spaced 
a predetermined distance from the open end of said horn 
extension and having a longitudinal axis aligned with 
the common axis of said horn extension and hollow 
pipe waveguide; and an electromagnetic energy focusing 
system including at least one dielectric lens formed with 
curved refractive surfaces and having a given focal length 
and an optical axis, said dielectric lens being mounted 
in said horn extension with the optical axis thereof 
aligned with said common axis, said focal length of said 
one dielectric lens being greater than the spacing between 
said dielectric lens and said surface wave rod waveguide. 

2. A waveguide transmission system for electromag 
netic energy comprising, in combination, a hollow pipe 
waveguide; an outwardly ?aring horn extension axially 
aligned with said waveguide smoothly joined at the 
smaller end thereof to said waveguide and open at the 
larger end thereof; a dielectric rod waveguide spaced a 
predetermined distance from the open end of said horn 
extension and having a longitudinal axis aligned with the 
common axis of said horn extension and hollow pipe 
waveguide; and an electromagnetic energy focusing sys 
tem including at least one dielectric lens formed with 
curved refractive surfaces and having a given focal 
length and an optical axis, said dielectric lens being 
mounted in said horn extension at said open end there 
of with the optical axis thereof aligned with said com 
mon axis, said focal length of said one dielectric lens 
being greater than said distance between the open end 
of said horn extension and said dielectric rod waveguide. 

3. A waveguide transmission system for electromag 
netic energy comprising. in combination, a hollow pipe 
waveguide; an outwardly ?aring horn extension axially 
aligned with said waveguide smoothly joined at the 
smaller end thereof to said waveguide and open at the 
larger end thereof; a dielectric rod waveguide spaced a 
predetermined distance from the open end of said horn 
extension and having a longitudinal axis aligned with the 
common axis of said horn extension and hollow pipe 
waveguide: and an electromagnetic energy focusing sys 
tem consisting of a single lens formed solely of dielec 
tric material and having bi-convex refractive surfaces, 
said lens having a given focal length and an optical axis, 
said lens being mounted in said horn extension at said ' 
open end thereof with the optical axis thereof aligned 
with said common axis, said focal length of said lens 
being substantially larger than said distance between the 
open end of said horn extension and said dielectric rod 
waveguide. 

4. A transition section for the transfer of electro 
magnetic energy between a hollow pipe waveguide and 
a dielectric rod waveguide spaced from said hollow pipe 
waveguide and axially aligned therewith comprising, in 
combination. an outwardly ?aring metallic horn located 
between said two waveguides and axially aligned with 
the common axis thereof, said horn being smoothly 
joined at the smaller end thereof to said hollow pipe 
waveguide and open at the larger end thereof; and a 
single electromagnetic energy focusing lens formed solely 
of dielectric material mounted in said horn extension at 
said open end thereof, said lens having an optical axis 
aligned with said common axis and having a focal length 
which is substantially larger than the space between the 
open end of said horn and said dielectric rod waveguide. 

5. A waveguide transmission system for electromag 
netic energy comprising, in combination, a hollow pipe 
waveguide; an outwardly ?aring horn extension axially 
aligned with said waveguide smoothly joined at the 
smaller end thereof to said waveguide and open at the 
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larger end thereof; a surface wave rod waveguide spaced 
a predetermined distance from the open end of said horn 
extension and having a longitudinal axis aligned with the 
common axis of said horn extension and hollow pipe 
waveguide; and an electromagnetic energy focusing sys 
tem having a given focal length and a focal axis, said 
focusing system being mounted in said horn extension 
with the focal axis thereof aligned with said common 
axis, said focal length of said focusing system being 
greater than the spacing between said focusing system 
and said surface wave rod waveguide. 

6. An open waveguide system for a predetermined 
frequency range comprising a surface wave waveguide, 
hollow, circular launching means for launching a beam 
of wave energy in the TE“ mode onto said surface wave 
waveguide and for coupling said surface wave wave 
guide to said launching means to cause substantially con 
tinuous transition from the ?eld of said beam to that of 
said surface wave waveguide and to propagate said wave 
energy substantially in the space outside of said surface 
wave waveguide and in the axial direction thereof, said 
energy being contained substantially within a predeter 
mined cylindrical space coaxial and coextensive with said 
surface wave waveguide at a frequency within said fre 
quency range and of a diameter substantially equal to 
that of said beam at a frequency within said frequency 
range. 

7. A waveguide transmission system as set forth in 
claim 5, wherein the spacing between said focusing sys 
tem and said hollow pipe waveguide is approximately 
one said focal length. 

8. A waveguide transition section comprising a ho] 
low conductive waveguide, a dielectric surface wave 
guide, said waveguides being positioned with one end of 
one waveguide near to but spaced from one end of the 
other waveguide, said ends being devoid of any metallic 
connection therebetween, one of said waveguides hav 
ing a tapered section at said one end thereof that is 
made of material similar to the material of said one 
waveguide and that increases from the con?guration of 
said one waveguide at said one end to a larger con?gura 
tion in a direction toward said other waveguide, said 
tapered section transferring wave energy between said 
waveguides. 

9. A waveguide transition section comprising a hol 
low, conductive, cylindrical waveguide, a cylindrical rod 
like, dielectric surface wave waveguide, said waveguides 
being positioned with their longitudinal axes positioned 
along a common straight line and with one end of one 
waveguide near to but spaced from one end of the other 
waveguide, said ends being devoid of any metallic con 
nection therebetween, one of said waveguides having a 
tapered section at said one end thereof that is made of 
the same material as said one waveguide and that in 
creases from the circumference of said one waveguide at 
said one end to a larger circumference in a direction 
toward said other waveguide, said tapered section trans~ 
ferring wave energy between said waveguides. 

10. An electromagnetic waveguide transition section 
comprising a hollow, cylindrical waveguide made of a 
conductive material, a cylindrical, rod-like, surface wave 
waveguide made of a dielectric material, said surface wave 
waveguide having a smaller diameter than said hollow 
waveguide, said waveguides being positioned so that their 
longitudinal axes lie along a common straight line and 
so that one end of one waveguide is spaced from one end 
of the other waveguide, said ends being devoid of any 
metallic connection therebetween, said surface wave wave 
guide having a tapered section of said dielectric material 
at said one end thereof that increases in cross-section 
from the circumference of said surface wave waveguide 
at said one end to the larger circumference of said hol 
low waveguide and that decreases from said larger circum 
ference of said hollow waveguide to a point in a direction 
toward said hollow waveguide, said hollow waveguide 
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having a uniform cross-section at said one end thereof, 
and means for positioning at least a portion of said ta 
pered section between said point and said larger circum 
ference within said hollow waveguide so that said tapered 
section transfers electromagnetic wave energy between 
said waveguides, said wave energy being conducted sub 
stantially within a predetermined space coaxial with and 
coextensive with said surface wave waveguide. 

11. An electromagnetic waveguide transition section 
comprising a hollow, cylindrical waveguide made of a 
conductive material, a cylindrical, rod-like, surface wave 
waveguide made of a dielectric material, said waveguides 
being positioned so that their longitudinal axes lie along 
a common straight line and so that one end of one wave 
guide is adjacent one end of the other waveguide, said 
ends being devoid of any metallic connection therebe 
tween, said hollow waveguide having a tapered section 
of said conductive material at said one end thereof that 
increases in cross-section from the circumference of said 
hollow waveguide at said one end to a larger circum- , 
ference in a direction toward said surface wave waveguide, 
said surface wave waveguide having a uniform cross 
section at said one end thereof, and means for positioning 
at least a portion of said surface wave waveguide within 
but spaced from said tapered section of said hollow 
waveguide so that said tapered section transfers electro 
magnetic wave energy between said waveguides, said wave 
energy being conducted substantially within a predeter 
mined space coaxial with and coextensive with said sur 
face wave waveguide. 

12. An electromagnetic waveguide transition section 
comprising a hollow, cylindrical waveguide made of a 
conductive material, a cylindrical, rod-like, surface wave 
waveguide made of a dielectric material, said waveguides 
being positioned so that their longitudinal axes lie along 
a common straight line and so that one end of one wave 
guide is adjacent one end of the other waveguide, said 
ends being devoid of any metallic connection therebe 
tween, said hollow waveguide having a tapered section 
of said conductive material at said one end thereof that 
varies uniformly in cross-section from the circumfer 
ence of said hollow waveguide at said one end to a larger 
circumference in a direction toward said surface wave 
waveguide, and said surface wave waveguide having a 
uniform cross-section at said one end thereof, and a lens 
made of a dielectric material and having convex surfaces 
positioned in said tapered section so that the focal point 
of said lens lies on said straight line and so that said ta 
pered section transfers electromagnetic wave energy be 
tween said waveguides, said wave energy being conducted 
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substantially within a predetermined space coaxial with 
and coextensive with said surface wave waveguide. 

13. A waveguide transmission system for electromag 
netic wave energy, comprising, in combination, a hollow 
pipe waveguide, an outwardly ?aring horn extension axial 
ly aligned with said waveguide and joined at the smaller 
end thereof to said waveguide and open at the larger end 
thereof, a dielectric rod-like surface wave waveguide hav 
ing a longitudinal axis aligned with the common axis of 
said horn extension and said hollow pipe waveguide said 
surface waveguide being near to but spaced from said 
horn extension and said hollow pipe waveguide and being 
positioned in energy transfer relation with said horn ex 
tension, the space between the end of said surface wave 
waveguide and the nearest end of said hollow pipe wave 
guide and said horn extension being free, unobstructed, 
and devoid of any metallic connection. 

14. A waveguide transmission system for electromag 
netic wave energy, comprising, in combination, a hollow 
pipe waveguide, an outwardly ?aring horn extension axial 
ly aligned with said waveguide and joined at the smaller 
end thereof to said waveguide and open at the larger 
end thereof, a dielectric rod-like surface wave wave 
guide entering into said horn from the open end thereof 

. so that its longitudinal axis is aligned with the common 
axis of said horn extension and said hollow pipe wave 
guide said surface waveguide being near to but spaced 
from said horn extension and said hollow pipe waveguide 
and being positioned in energy transfer relation with said 
horn extension, the space between the end of said surface 
wave waveguide and the nearest end of said hollow pipe 
waveguide and said horn extension being free, unob 
structed, and devoid of any metallic connection. 
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