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United States Patent Office 3,144,624 
Patiented Aug. 1, 1964 

3,44,624 
COAXAL WAVE FELTER 

Chandos A. Rypinski, Jr., Sherman Oaks, Calif., assignor 
to C. A. Rypinski Company, a corporation of California 

Fied Aug. 1, 1968, Ser. No. 46,539 
3 Claims. (C. 333-73) 

This invention relates to electromagnetic wave trans 
mission systems, and more particularly to filters for coaxial 
waveguide systems which are required to transmit electro 
magnetic energy at high voltage levels. 
In systems in which electromagnetic energy is trans 

mitted along a hollow, coaxial or other transmission line 
structure, the physical size required for the transmission 
line structure generally becomes smaller with increased 
frequencies. However, in systems which operate with 
relatively high power transmission levels, there is a danger 
of voltage breakdown within the transmission line struc 
ture when small sizes are used. Therefore, when trans 
mitting signals involving high power and voltage levels, 
transmission lines of larger sizes are required, up to six 
inches and more in cross-section. 

In wave transmission systems utilizing waveguide struc 
tures, filters are used as basic circuit elements to pass only 
waves of selected frequencies. For the purpose of block 
ing the passage of harmonics of a wave of fundamental 
frequency, a low pass filter is particularly useful in wave 
transmission systems utilizing waveguide structures, inas 
much as the appearance of harmonic frequency waves is 
apt to deleteriously affect the operation of a system. 
The desirable features of a low pass filter include min 

imum attenuation in the pass band, sharp cutoff at the 
upper limit of the pass band, and a marked degree of 
attenuation over a broad band of frequencies above the 
cutoff frequency. In accordance with a prior arrange 
ment of low pass filters, it was thought that certain geom 
etrical relationships precluded achieving the above men 
tioned desirable features. 

Accordingly it is a primary object of the present inven 
tion to provide a new and improved coaxial waveguide 
structure which functions as a filter. 

It is another object of the present invention to provide 
a new and improved filter for use in electromagnetic wave 
transmission systems at high power levels. 

It is still another object of the present invention to pro 
vide a new and improved filter for use in a transmission 
line utilizing shunt elements. 

Electromagnetic wave filters in accordance with the 
present invention employ conductive elements on one con 
ductor in opposed relation to shunt capacitance elements 
of another conductor of a wave transmission section. 
The conductive elements are disposed and configured rela 
tive to the shunt capacitance elements such that currents 
conducted along the two conductors traverse substantially 
equal path lengths so as to nullify the effect of wavelength 
radial dimensions. 

In a specific example of a filter in accordance with the 
invention, the inner conductor of a coaxial waveguide 
section may be defined by alternate series inductance ele 
ments of relatively small diameter and shunt capacitance 
discs of relatively large diameter. A number of annuli 
may be mounted on the inner surface of the outer hollow 
conductor, with each of the annuli encompassing a differ 
ent one of the conductive discs of the inner conductor. 
When employed in large waveguide sizes, this configura 
tion permits the shunt capacitance elements to exhibit 
low impedance so as to provide improved filtering char 
acteristics over a broader frequency band than has here 
tofore been possible. 
A better understanding of the invention may be had 
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by reference to the following description, taken in con 
junction with the accompanying drawings, in which: 

FIG. 1 is a perspective view, partly broken away, of a 
single section coaxial filter in accordance with the present 
invention; 

FIG. 2 is a side sectional view of the arrangement of 
FIG. 1; 

FIG. 3 is a simplified schematic circuit diagram, show 
ing equivalent circuit elements for the arrangement of 
FIGS. 1 and 2; 
FIG. 4 is a graph of attenuation versus frequency on 

which is displayed performance characteristics for a filter 
arrangement as shown in FIGS. 1 and 2; 

FIG. 5 is a side sectional view of another arrangement 
in accordance with the invention which utilizes a number 
of sections to provide a low pass coaxial filter; and 

FIG. 6 is a graph of attenuation versus frequency on 
displayed performance characteristics for a filter as shown 
in FIG. 5. 
A coaxial filter section in accordance with the present 

invention may be coupled between two sections of coaxial 
Wave transmission line. For convenience, the two sec 
tions which are coupled together by the filter may be 
referred to as an input coaxial line 10 and an output 
coaxial line 2, although it will be recognized that either 
or both may serve at different times to provide inputs and 
outputs to the filter section. The filter section 20 con 
sists of a coaxial wave transmission section which is 
joined at its opposite terminal ends by flanges 14 and 15 
to the input and output coaxial lines 10 and 2 respec 
tively. 
The filter section 20, referring now to both FIGS. 1 

and 2, is defined principally by an outer conductor 21 
and a center or inner conductor 22, with the outer con 
ductor 25 being hollow and disposed concentrically about 
a central axis with which the inner conductor 22 is aligned. 
The principal body of the outer conductor 21 is defined by 
a cylindrical shell of the type usually employed for the 
outer conductor of coaxial waveguide sections. The inner 
conductor 22, however, is defined by sections disposed 
along the central axis which have selected dimensions in 
both length and diameter relative to the central axis. 
Each terminal end of the inner conductor 22 is defined 
by a coupling or transition element 24 or 25 having a 
diameter corresponding to that of the center conductor 
in the input and output lines 10 and 12 respectively. The 
coupling elements 24, 25 may have conventional fittings 
(not shown) at the points at which they engage mating 
fittings of the associated coaxial line sections. 
The central section of the inner conductor 22 comprises 

a series inductance element 27 of relatively small diameter 
to provide a high impedance in the filter section 20. Each 
of the opposite ends of the series inductance element 27 
is coupled to a different one of the coupling elements 24 
or 25 by a shunt capacitance element 28 or 29 respec 
tively. The shunt capacitance elements 28, 29 are in the 
form of discs of relatively large diameter and relatively 
shorter length than the series inductance element 27. All 
of the elements 24, 25, 27, 28 and 29 are of circular 
cross-section and are concentric with the central axis of 
the filter section 26. The inner conductor 22 is main 
tained in desired position relative to the outer conductor 
21 by insulating rings 3 and 32 set into matching recesses 
in the coupling elements 24 and 25 respectively. The 
insulating rings 31 and 32 may be of foam polystyrene 
or some other material having a dielectric constant of 
Substantially unity, or electrically compensated for in the 
circuit. 
The outer conductor 2 also includes a pair of annuli 

or discs 33, 34, each of which is coupled to the inner 
Surface of the outer conductor 21 and protrudes inwardly 
therefrom toward and in opposing facing relation to a 
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different one of the shunt capacitance elements 28 or 29, 
respectively. A concentric radial spacing exists between 
each of the low impedance shunt capacitance elements 28 
and 29 and its immediately adjacent annulus 33 or 34. 
The filter section 20 and the associated input and out 

put lines 10 and 12 may be of relatively large dimension, 
with the outer conductor 25 being, for example, of the 
order of six inches in diameter where it is desired to 
transmit, i.e. propagate in a confined mode, at frequencies 
up to approximately 800 megacycles. 
As mentioned above, the use of fundamental fre 

quencies of 500 megacycles may also involve the un 
wanted transmission of harmonics of the fundamental 
frequency, thus necessitating the use of low pass filter 
sections to attenuate the harmonics. The equivalent cir 
cuit elements of the series inductance element 27 and the 
shunt capacitance elements 28 and 29 are the inductance 
element 36 and the shunt capacitance elements 37 and 
38 shown in FIG. 3. The inductance element 36 corre 
sponds to the high characteristic impedance section and 
the capacitance elements 37 and 38 correspond to 
the low characteristic impedance sections. The shunt 
capacitance elements 37 and 38 also include the discon 
tinuity capacitances which are introduced by the abrupt 
changes in line diameter due to termination of the electric, 
"E,' field on the transverse surfaces of the capacitance 
discs. 

It has been shown in the published literature (Very 
High-Frequency Techniques, vol. 2, pp. 688-691, Radio 
Research Laboratory, Harvard University, McGraw-Hill 
Book Co., Inc., 1947) that the relationships le2(r3-r), 
and le2(r3-1) should be observed, where l is the axial 
length of a capacitive element, l is the spacing between 
opposing faces of adjacent capacitive elements, r is the 
internal radius of the outer conductor, r is the radius of 
the capacitive discs, and r is the radius of the series 
inductance. While the first condition is generally satis 
fied without difficulty, the second has heretofore been 
considered to place a definite restriction on the largest 
allowable radius ra. Previously also, it had been thought 
necessary to reduce is as much as possible so as to 
minimize discontinuity susceptances at the changes in 
inner conductor diameters. Where energy of high volt 
age and power is to be transmitted, so that large wave 
guide sizes are required, or where the frequency to be 
transmitted is in the higher reaches of the microwave 
region, so that the waveguide must be very small, the de 
sired proportionality between the difference ra-r and 
the axial spacing l is difficult to obtain. Stated in an 
other way, with previously known devices it is difficult 
to obtain good pass band characteristics and concurrent 
ly have high attenuation across a frequency band which 
extends to many times the cutoff frequency. 

In the present arrangement, the capacitive element of 
the filter illustrated in FIGS. 1 and 2 is defined by the 
paired inner discs 28 or 29 and outer annuli 33 or 34 re 
spectively. The relative sizes of the various elements in 
the inner conductor 22 and the outer conductor 2 are 
arranged such that currents passing along each of the 
conductors 21 and 22 traverse substantially equal path 
lengths. The paired elements, such as 28 and 33 and 29 
and 34 which lie in the same transverse planes, provide 
the desired capacity, but exhibit low impedance for a 
wider range of frequencies than has been heretofore 
feasible. 
By virtue of the fact that the currents traverse relative 

ly equal path lengths, the capacitive shunt elements con 
tinue to exhibit low impedance at the frequencies of the 
higher harmonics, at which the spacing between the inner 
and outer conductors becomes greater than a quarter 
wavelength. By "equal path lengths' is meant that cur 
rents are in phase as they appear to each other at opposite 
points on the paired discs and annuli 28, 33 and 29, 34. 
By "relatively equal' is meant that there is less than a 
quarter wavelength displacement at the highest frequency 
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4. 
under consideration. With the currents in phase at the 
shunt elements, the filter is free from the effects of 
spurious lines which appear to be in series with the shunt 
elements. These spurious lines arise from out-of-phase 
currents and constitute, effectively, transmission line sec 
tions with impedance characteristics which are dependent 
upon frequency. In consequence, the operation of the 
filter remains substantially the same to many multiples of 
the cutoff frequency. This is illustrated by the curve 
of attenuation versus frequency shown in FiG. 4 for the 
arrangement of FIGS. 1 and 2. With a nominal trans 
mission frequency of approximately 500 megacycles and 
a cutoff frequency selected of 580 megacycles, there is a 
sharp increase in attenuation beyond the cutoff frequency, 
and attenuation of 25 decibels or greater for the majority 
of the stop band for the single filter section. Spurious 
responses occur, as is well known, at frequencies where 
the length of the series inductor is one-half wavelength, 
and at a higher harmonic, at which the capacitor dimen 
Sion is one-half wavelength. 
The Superior filter action provided by the single filter 

Section may be augmented by the use of a number of 
elements, with the elements being staggered as to fre 
quency characteristics so as to provide attenuation at all 
iiicrowave frequencies over a wide band above the cut 
off frequency. Thus, as shown in FIG. 5, a low pass co 
axial filter may be constructed of a number of filter sec 
tions 48. Each of the filter sections 40 may include a 
Series inductance element 4 and shunt capacitances, with 
the capacitance elements being defined by discs 42 on 
the center conductor and annuli 44 on the outer conduc 
tor. The dimensions of the discs 42 and the annuli 44 
are selected relative to the associated inner and outer 
conductors such that the path lengths traversed by cur 
rents passing along the two conductors are equal. 
The effective response of each filter section may be 

designed in accordance with well known techniques to 
achieve the desired overall response. Network synthesis 
may be used, for example, to establish the inductance 
and capacitance values which are needed for a desired 
response, and these values may then be realized in co 
axial transmission line form, with suitable corrections be 
ing made for discontinuity reactances. The values of 
the inductance and capacitance parameters may corre 
spond to a Butterworth, Chebishev or flat time delay 
network. The inductance and capacitance values may be 
obtained with a variety of mechanical proportions to 
Satisfy, at the same time, voltage, current and spurious 
response requirements. In addition, as is shown in FIG. 
5, the Series of filter sections 40 may be terminated at 
opposite ends at the middle of either an inductance ele 
ment, e.g., 46, or a capacitance element, e.g., 48. 
The use of the arrangement of FIG. 5 permits a sharp 

cutoff, but also a high degree of attenuation over a wider 
range of harmonics than has heretofore been possible. 
As may be seen in FIG. 6, in a practical example, attenu 
ation of more than 50 db is achieved with sharp cutoff 
to approximately ten times cutoff frequency. Further, an 
insertion loss of only 0.05 db with variations of 0.05 db 
peak-to-peak, is maintained in the pass band. With 
techniques heretofore available, at 2.5 times the cutoff 
frequency the diameter of the line would be such as to 
introduce a spurious half wavelength response and ef 
fectively place a limit upon the upper frequency which 
Would be attenuated, with the use of multiple sections. 
With a Specific device corresponding to the arrange 

ment of FIG. 1, the following dimensions were used: 
r=2.86 inches 
12=1.5 inches 
r=.375 inch 
l1=2.25 inches 
l2=.87 inch 
Annulus inner radius=1.87 inches 

The transmission line employed had a nominal frequency 
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of 500 megacycles and a design cutoff frequency of 3 
decibels down at 580 megacycles. 
A specific device constructed in accordance with the 

arrangement of FIG. 5 utilized a series of filter sections 
made up of 18 elements, with a mid-capacitance termina 
tion at one end and a mid-inductance termination at the 
other. A Chebishev distribution was employed for the 
various filter sections. In this instance, the pass band 
encompassed 225 to 400 megacycles and the stop band 
extended to greater than 10 times the cutoff frequency. 

In a practical example of the arrangement of FIG. 5, 
operating with the performance characteristics of FIG. 6, 
the following dimensions were employed. Here the suc 
cessive inductance and capacitance elements are succes 
sively designated L1, C2, etc., and the axial lengths (l) 
and the radii (r. and r2) correspond to the definitions 
used above. The designation r is employed for the inner 
radius of an annular element. 

Component 12 (inches) ri (inches) r2 (inches) 1 (inches) 

While there have been described above and illustrated 
in the drawings various forms of filters for providing 
sharp cutoff and high attenuation over a broad band of 
frequencies above the cutoff frequency, it will be appre 
ciated that the invention is not limited thereto. Filters 
may also be constructed in other types of transmission 
lines, such as strip transmission line and planar transmis 
sion line. Accordingly, the invention should be taken to 
include all modifications, variations and alternative forms 
falling within the scope of the appended claims. 
What is claimed is: 
1. A low pass coaxial waveguide filter for high power 

wave transmission systems utilizing relatively large size 
waveguide structures, including the combination of an 
outer conductor, the outer conductor being concentric 
with a central axis, a number of conductive rings, each 
of the conductive rings being coupled to the outer con 
ductor at an inner periphery of the conductor and lying 
in a plane transverse to the central axis, the rings pro 
truding inwardly towards the central axis and each being 
Spaced along the central axis a selected distance from the 
adjacent rings, and an integral central conductor lying 
along the central axis, the central conductor having a 
cross sectional configuration at each point therealong 
which is concentric relative to the central axis and defined 
by successive sections, with alternate sections having rela 
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6 
tively small diameters and relatively longer lengths, and 
then relatively larger diameters and shorter lengths, the 
lengths of the larger diameter sections corresponding to 
the lengths of the rings coupled to the outer conductor, 
and the differences in the diameters of the successive sec 
tions of the central conductor being selected with respect 
to the rings which are coupled to the outer conductor 
Such that currents traveling along the inner and outer 
conductors traverse paths of relatively equal lengths. 

2. A coaxial waveguide filter for electromagnetic wave 
energy having an input and an output and comprising a 
hollow outer conductor, a first plurality of conductive 
elements coupled to the inner surface of said outer con 
ductor, and an inner conductor mounted concentrically 
Within Said outer conductor, said inner conductor com 
prising a second plurality of conductive elements con 
nected together by a central conductor of reduced diam 
eter which serves as an inductance at the frequency of 
operation, corresponding ones of said first and second 
pluralities of elements being located in the same trans 
verse plane in opposed facing relationship to form shunt 
capacitances, the axial dimensions of said first and second 
pluralities of conductive elements being substantially equal 
and defining, together with the radial dimensions of said 
elements, current paths from the input to the output along 
the inner and outer conductors of relatively equal lengths, 
whereby said currents are relatively in phase at opposing 
points on the inner and outer conductors. 

3. A coaxial waveguide filter for electromagnetic wave 
energy having an input and an output and comprising a 
hollow outer conductor, a plurality of conductive rings 
coupled to the inner surface of said outer conductor, and 
an inner conductor mounted concentrically within said 
outer conductor, said inner conductor comprising a plu 
rality of conductive discs connected together by a central 
conductor of reduced diameter which serves as an in 
ductance at the frequency of operation, corresponding 
ones of said discs and said rings being located in the same 
transverse plane in opposed facing relationship to form 
shunt capacitances, the axial dimensions of said conduc 
tive discs and rings being substantially equal and defining, 
together with the radial dimensions of said discs and said 
rings, current paths from the input to the output along 
the inner and outer conductors of relatively equal lengths, 
whereby said currents are relatively in phase at opposing 
points on the inner and outer conductors. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

2,030,179 Potter ----------------- Feb. 11, 1936 
2,438,913 Hansen ----------------- Apr. 6, 1948 
2,527,608 Willoughby ------------- Oct. 31, 1950 
2,543,721 Collard ---------------- Feb. 27, 1951 
2,557,567 Rumsey et al. ----------- June 19, 1951 
2,603,707 Jaynes ----------------- July 15, 1952 
2,641,646 Thomas ----------------- June 9, 1953 
2,944,233 Fong ------------------- July 5, 1960 

FOREIGN PATENTS 
944,576 France ------------------ Apr. 8, 1949 

  


