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FREQUENCY FILTER APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to frequency ?lters, to diplex 

ers using such ?lters, and to a method of ?ltering sig 
nals in transmission lines. 

2. Description of the Prior Art 
In radio frequency communications it is frequently 

desirable to have a ?lter which will pass one frequency 
‘ and reject a second frequency. It'is desirable that the 

?lter be easily tunable to vary either the pass or reject 
frequencies. Such ?lters are useful in the diplex opera 
tion of two radios on a common aerial. 

SUMMARY OF THE INVENTION 

The ?lters of the present invention provide what is 
believed to be a novel method and arrangement of 
components for obtaining the foregoing type of opera 
tion. According to the invention a coupling transmis 
sion line probe extends from a transmission line into a 
quarter wave (or odd multiple of a quarter wave) cavity 
resonant at substantially the desired pass frequency, 
and the probe is tuned to produce frequency rejection 
notches in the line at frequencies below and above the 
resonant frequencies of the cavity resonator and the 
probe, the result being a band-pass, band-reject fre 
quency response, with the band-pass and band-reject 
frequencies tunable by adjusting the effective electrical 
length of the probe or of a central conductor in the cav 
ity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are illus 
trated by way of example in the accompanying draw 
ings in which: 
FIG. 1 illustrates diagrammatically a tunable ?lter; 
FIG. 2 shows graphically the frequency response of 

the ?lter of FIG. 1 with the cavity and the probe reso 
nant at the same frequency; 
FIG. 3 shows the frequency response of the ?lter of 

FIG. 1 with its probe detuned from the condition of 
FIG. 2; 
FIG. 4 illustrates a diplexer incorporating two ?lters 

of the type shown in FIG. 1; 
FIG. 5 shows graphically the frequency response of 

the device of FIG. 4; 
FIG. 6 illustrates another diplexer; and 
FIG. 7 illustrates diagrammatically another form of 

tunable ?lter. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS: 

The ?lter illustrated in FIG. 1 includes a through 
transmission line 10, for example a coaxial line, and a 
coupling probe 11 connected at one end to the line so 
as to branch from the line and extend into the chamber 
ofa coaxial cavity resonator l2, e.g., a resonator of cy 
lindrical or square cross-section. Extending along the 
axis of the cavity is a conductor 13 made up of a tubu 
lar element 13a within which is an adjustable element 
13b. The length of element 13b within the cavity is ad 
justable, as by an external nut 14 rotatably ?xed to the 
cavity, whereby the effective electrical length of the 
conductor 13, formed by the elements 13a, 1312, can be 
varied to tune the cavity resonator. The electrical 
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2 
length of the probe 11 can also be varied by means of 
a tuning capacitor 15 adjustable from outside the cav 
ity, or by loading the probe, or varying its physical 
length, or by other conventional means, the probe con 
stituting a transmission line having self-inductance and 
mutual capacitance with the wall of the cavity. Tuning 
of the cavity may also be achieved by capacitive load 
ing or other known means. 

In the condition illustrated in FIG. 1 the electrical 
lengths of the central conductor 13 and of the probe 11 
are shown to be All/4 where M is the wave length of the 
cavity resonant frequency fa. In this condition the fre 
quency response indicated in FIG. 2 can be achieved, 
pole X indicating that frequency fa is at the center of 
a narrow band of frequencies that can pass along the 
line 10, and notches Y and Z representing band-reject 
notches at lower and higher frequencies fl and f_.. 

If the resonant frequency of the probe is increased 
slightly, for example by adjusting the capacitor 15, the 
frequency response indicated in FIG. 3 can be 
achieved, the reject notch Y moving closer to fa and 
the reject notch Z moving farther away. Conversely, if 
the resonant frequency of the probe were decreased 
slightly, reject notch Z would move closer to fa and re 
ject notch Y would move farther away. Thus. the cavity 
resonator may be tuned to the desired pass frequency 
fa and the probe may be tuned to reject, for example, 
f1. fb orfv 

If, starting with a curve such as that shown in FIG. 2, 
one does not alter the resonant frequency of the probe, 
but instead alters the resonant frequency of the cavity, 
for example, by adjusting the electrical length of the 
conductor 13, a curve similar to that shown in FIG. 3 
may be obtained but the location of the pole X will be 
shifted. For example, in one experiment the probe and 
cavity were both resonant at 180 megahertz, and a re 
sponse as in FIG. 2 was recorded, with pole X at 180 
megahertz and reject notches Y and Z at approximately 
165 and 195 megahertz respectively. The cavity was 
then tuned with the object of bringing the pole X and 
notch Y closer together, leaving the probe as it was, i.e. 
resonant at 180 megahertz. Adjustment of the cavity 
resonant frequency to 145 megahertz resulted in pole 
X being shifted to 145 megahertz, reject notch Y oc 
curring at approximately 140 megahertz, and reject 
notch Z at approximately 185 megahertz. The reject 
notches are thus just below arid just above' the lower 
and the higher respectively of the resonant frequencies 
of the probe and the cavity. As the cavity resonant fre 
quency was further reduced, notch Y rose slightly (los 
ing isolation) and notch Z deepened, approaching the 
probe resonant frequency of I80 megahertz. In a typi 
cal application the resonant frequency of the probe 
may differ from the resonant frequency of the cavity by 
up to about 20% without serious loss of isolation. 
FIG. 4 shows how ?lters of the type shown in FIG. 1 

may be applied to a diplexer. In such a device, a trans 
mission line 100 connects a terminal T to a terminal A 
where a transmitter or receiver (not shown) operates 
at frequency fa, and a transmission line 200 connects 
the terminal T to a terminal B where a transmitter or 
receiver (not shown) operates at frequency ?). An an 
tenna may be connected to the common terminal T. 
One end of a coupling probe Ill is connected to the 
line 100 and the probe extends into a coaxial cavity A 
having its central conductor 113 turned for resonance 
of the cavity at fa. The electrical length of the probe 
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111 may be adjusted to provide a reject notch atjb, as 
indicated graphically in FIG. 5 where the broken line 
labelled A to T (a replica of the curve shown in FIG. 
3) indicates the frequency response between terminals 
A and T. Similarly, from line 200 a coupling probe 211 
extends into a coaxial cavity B whose central conductor 
213 is tuned for resonance of the cavity atfb, and probe 
211 is tuned to provide a pass response at fb and a re 
ject notch atfa, as indicated by the broken line labelled 
B to T in FIG. 5. The solid line labelled A to B in FIG. 
5 indicates that substantially no signal passes between 
terminals A and B. In FIG. 4 the probes are shown 
branching from the lines 100, 200 at a ‘distance >\/4 
from the common terminal T, where A may be a wave 
length‘ corresponding to an average offu and fl), i.e. )\ 
is approximately the wave length of a frequency at the 
middle of the band of frequencies passed by the lines. 
Although the drawings indicate components and dis 

tances of quarter wave lengths, odd multiples of quar 
ter wave lengths may of course be used. 
For greater isolation multiple sections may be used 

on either or both sides of the common terminal, as indi- . 
cated by way of example in FIG. 6 which shows the ad 
dition of cavities A’ and B’ resonant at frequencies fa 
and fb respectively and with their probes 111', 211’ 
tuned to the same frequencies as probes 111, 211 re 
spectively, to enhance the rejection offb and fa respec 
tively. In practice it will usually be desirable to add, in 
a similar manner, at least one more cavity to each side. 
Use of coaxial cavities is preferred, but other forms 

of cavities may be used, for example, helical resonators 
as illustrated in FIG. 7. The resonator of FIG. 7 consists 
of a cylindrical chamber 12' having a central helical 
conductor 13', and the resonator is connected to a line 
10’ by a helical coupling probe 11' tunable by means 
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of a variable capacitor 15’, to probe constituting a . 
transmission line having self-inductance and mutual ca 
pacitance with the wall of the cavity. 
Other modi?cations will be obvious to those skilled 

in the art and are intended to be covered by the follow 
ing claims. 
What I claim is: 
l. A method of ?ltering signals in a through transmis 

sion line, comprising coupling a cavity resonator to the 
line by connecting to the line a probe that extends into 
the cavity resonator and constitutes a transmission line 
interacting with the cavity resonator to produce a re 
sponse in the through transmission line having a fre 
quency that is passed thereby with frequency rejection 
notches below and above the passed frequency, tuning 
the cavity resonator frequency to determine the fre 
quency that is passed, and tuning the probe to deter 
mine said frequency rejection notches below and above 
said frequency that is passed. 
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2. A ?lter comprising a through transmission line, a 

cavity resonator, a probe coupling the resonator to the 
line, the resonator being tuned to resonance at a first 
frequency to be passed by the line, the probe constitut 
ing a transmission line that extends from the through 
transmission line into the resonator and interacts there 
with to have an electrical length from the through 
transmission line that is substantially an odd multiple of 
one quarter the wave length of its resonant frequency, 
the probe being tuned to produce frequency rejection 
notches, below and above said ?rst frequency, at fre 
quencies that are not to be passed by the line. 

3. A ?lter as claimed in claim 2, wherein the cavity 
resonator has a central conductor that is of variable 
length for varying said ?rst, passed frequency. 

4. A ?lter as claimed in claim 2, including means for 
varying the electrical length of the probe transmission 
line for varying said second and third, rejected frequen 
cies. 

5. A ?lter as claimed in claim 2, wherein the through 
transmission line and a second through transmission 
line are connected to a common terminal, a second 
probe couples a second cavity resonator to the second 
line, the second resonator being tuned to resonance at 
a second frequency, corresponding to one of said rejec 
tion notches produced byithe ?rst resonator, for pas- 
sage of the second frequency by the second through 
line, the second probe constituting a transmission line 
that extends from the second through line into the sec 
ond resonator and interacts therewith to have an elec 
trical length from the second through line that is sub 
stantially an odd multiple of the wave length of its reso 
nant frequency, the second probe being tuned to pro 
duce frequency rejection notches one of which is at 
said ?rst frequency, the probes being connected to the 
through transmission lines at distances from the termi 
nal that are approximately equal to an odd number of 
quarter wave lengths of a frequency at the middle of 
the band of frequencies passed by the lines. 

6. A ?lter as claimed in claim 5, wherein said cavity 
resonators coupled to the through transmission lines 
are each but one of a plurality of similar resonators 
coupled by probes extending from points on the first 
and second lines, said points being at intervals that are 
approximately an odd multiple of one quarter of said 
middle frequency wave length, the cavities coupled to 
the ?rst through line all being tuned to resonance at 
said ?rst frequency and their probes being tuned to 
produce the frequency rejection notch at said second 
frequency, and the cavities coupled to the second 
through line all being tuned to resonance at said second 
frequency and their probes being tuned to produce the 
frequency rejection notch at said ?rst frequency. 

* * * * * 


