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My invention relates generally to ultra-high-frequency 
apparatus, and more particularly to tuning-circuit ar 
rangements operable over a relatively wide band of ultra 
high-frequency values. 

Heretofore, tuning-circuit arrangements have been de 
scribed for use with ultra-high-frequency apparatus, but 
such arrangements have either been excessively large and 
bulky and costly to produce, or such arrangements have 
comprised certain structural features such as sliding con 
ductive contacts that require frequent adjustment and re 
placement. Other arrangements that have been described 
comprise humped-constant circuit elements which are not 
very feasible in the desired frequency range. It is, there 
fore, a primary object of this invention generally to im 
prove the art of ultra-high-frequency tuning arrangements. 

Another object is to provide such tuning arrangements 
that are free from sliding conductive connections and rela 
tively simple in construction and economical to produce. 

Still another object is to provide novel and improved 
tuning circuit arrangements operable over relatively wide 
ranges of frequency values in the ultra-high-frequency 
band. 

Another object is to provide an adjustable tuning cir 
cuit including as elements thereof a plurality of sections 
of resonant transmission line having adjustable reactive 
coupling therebetween. 
Yet another object is to provide such an adjustable 

filter that is characterized in that a predetermined band 
of frequencies is readily passed by the filter, the cut off 
at one end of the pass band being relatively abrupt. 

in accomplishing the foregoing objects, eliminate the 
indesirable sliding conductive connections characteristic 
of conventional types of high-frequency tuners by employ 
ing a resonant section of transmission line having reac 
tive means of the distributed constant type for varying 
the characteristic impedance of the transmission line. In 
accordance with one aspect of this invention, the trans 
mission line is constructed as a non-parallel pair of spaced 
conductors connected at one end to a reactive circuit to 
be tuned, and having at the other end, adjustable means 
for varying the characteristic impedance of the line. 

In accordance with another aspect of this invention, 
the transmission line comprises a pair of parallel-wire 
or rod conductors connectible at one end to a reactive cir 
cuit to be tuned and having adjustable means at the other 
end for varying the characteristic impedance of the line. 
My invention will be better understood from the follow 

ing description taken in connection with the accompany 
ing drawing and its scope will be pointed out in the ap 
pended claims. 

In the drawing, Fig. 1 is a side elevational view of one 
embodiment of my invention; Fig. 2 is a side view of the 
apparatus shown in Fig. 1: Figs. 3 and 4 are schematic dia 
grams useful in explaining the operation of the apparatus 
illustrated in Fig. 1: Figs. 5-8 are plan views illustrative 
of other embodiments of the invention; and Fig. 9 is a 
perspective view of a furthermodification of the invention. 

Referring to Figs. 1 and 2 of the drawing, an adjust 
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able tuner constructed in accordance with the present in 
vention is shown, comprising a section of non-uniform 
transmission line 11 having a ground plate 13, which may 
be a flat strip of brass or other suitable conductive ma 
terial, disposed in cooperative relation to an arcuate strip 
15 of spring material. The plate 13 and strip 15 are 
Spaced from each other and secured together by means 
of a spacer block 17 of any suitable insulation material, 
the connection of the conductors 13, 15 to the block 17 
being effected in any conventional manner. Input termi 
nals 19 are provided at the end of transmission line 11 ad 
jacent the block 17 for connection to a circuit to be tuned 
or resonated. To vary the characteristic impedance of 
the line 11, the spacing between the plate 13 and strip 15 
is adjustable by altering the curvature of strip 15, as by an 
insulating screw 21 that is suitably supported in an in 
sulating frame 23. 
An approximate theory of operation of the above 

described tuner circuit can be obtained by consideration 
of the lufnped-parameter equivalent circuit shown in Fig. 
3, taken in connection with the diagram of Fig. 4, which 
is illustrative of a distributed-parameter circuit roughly 
equivalent thereto. 

In Fig. 3, the capacitance C represents the effective 
capacitance of an apparatus which is desired to be tuned 
by the apparatus of the present invention and the resist 
ance R represents the load resistance. The tuning react 
ance is represented by the reactance Zi equivalent to the 
reactance of the non-uniform line 3, 15 of Figs. 1 and 2. 
The arrangement is, therefore, quite similar to that of a 
band-pass filter approximating the non-uniform transmis 
sion line of Fig. 4 of which the input impedance Z., by 
Well-known transmission line theory, may readily be 
shown to be: 

ZissiZol Zoltan gll-Zoe cot E) 
V Zol--Zoe tan 6l cot 6l. (1) 

where. Zoi is the characteristic impedance of the first sec 
tion of transmission line shown having a length li, Zoe is 
the characteristic impedance of the second section of 
transmission line having a length lz and B is the phase 
constant of the line. In the case under consideration, 

li=le=1 (2) 
whence 

tan Bl-2 cot 6l 
Zi=j7 - 2 (3) 

l--22 2.0. 
The expression for Z1 in Equation 3 yields a filter char 

acteristic corresponding to that of a band-pass circuit and 
similar to that of a lumped tuned circuit for the proper 
line parameters. An illustrative calculation made with 
the following values: 
C-5 mmf. 
R=370 ohms 
Zo1=50 ohms 
Zo2=100 ohms 
re8.7 cm. 

discloses that the circuit tunes to 700 megacycles per 
Second with a band width, at 70% of the voltage, of 22 
negacycles per second. The characteristic of this circuit 
corresponds to that of a single parallel-tuned circuit with 
lunped constants. 
By Suitably changing the line parameters, wider tuning 

may be obtained, and it can be shown that a band width 
of tuning equal to 25 megacycles per second at a resonant 
frequency of 1230 megacycles per second can be obtained. 
It will be understood that the foregoing calculations are 
merely exemplary and are not to be considered as limita 
tions of the scope of the invention. - 
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By a suitable choice of values for ll and la for the ratio 

Zo2/Zo1, Z1 can be made zero at a desired frequency 
value. Accordingly, the filter characteristic shows an 
abrupt cut off or rejection region corresponding to sub 
stantially infinite attenuation. For example, in the case 
where the circuit tunes a capacitative element, such a 
region can be shown to occur at a frequency substantially 
equal to 60 megacycles per second below the tuning fre 
quency of 1230 megacycles per second. It will thus be 
seen that such a characteristic is extremely useful for 
rejecting undesired image signals commonly encountered 
in the reception of radio-frequency signals. The rejection 
or cut-off frequency can be made to track with the tun 
ing of the pass band, thus rendering the filter circuit ex 
tremely useful as a tuner for television receivers. 
Where the circuit element is employed to tune an in 

ductive element instead of a capacitative element, the 
rejection region occurs on the high-frequency side of the 
pass band. 

In practice, it is a capacitance that is commonly sought 
to be tuned. Thus, if the rejection region is desired on 
the high-frequency side, one needs only to connect an 
inductive element across the capacitance so that the net 
reactance presented to the circuit is inductive over the 
desired tuning range. - 

Fig. 5 illustrates the principle of the present invention 
as embodied to an open-circuited transmission line having 
a flared portion along part of its length. Thus, a trans 
mission line 30 is shown comprising a parallel-wire sec 
tion 32 and a non-uniform wire section 34 directly cou 
pled thereto. For altering the characteristic impedance 
of the transmission line 30, thereby to vary the resonant 
frequency of the filter, a wedge-shaped conductive slug 
36 is adjustably positionable in the space between the 
non-uniform wire portion 34 as by a rack and pinion drive 
38 actuating an insulating rod 39. To avoid direct or slid 
ing contact between the slug 36 and the flared portion 34, 
a thin solid dielectric coating 40 may be affixed to the 
surfaces of the slug 36 adjacent the portion 34. The cir 
cuit to be tuned is connected at terminals 41 provided at 
the end of the line section 30 remote from the tuning 
slug 36. - 

Fig. 6 illustrates a similar arrangement for a short 
circuited line 42 which, as shown, comprises a bent sec 
tion of transmission line which may be formed as a 
V-shape member, or in any other desired configuration. 
A conformable triangular slug 46 is movable in and out 
of the V portion to vary the characteristic impedance 
thereof. Input terminals 47 are provided at the free ends 
of the transmission line section for connection to an ex 
ternal circuit. If desired, solid dielectric coatings may be 
applied as described hereinabove in connection with the 
embodiment of Fig. 5. 

Figs. 7 and 8 illustrate further embodiments of the 
invention, in which the slugs 36 or 46, shown in Figs. 5 
and 6, are replaced by a conductive rod or tube, as at 
48 and 52, bent to form a short-circuited line section hav 
ing inwardly bent portions 48' and 52, respectively, which 
are interconnected by cross members 48' and 52', re 
spectively. Such short circuited line sections may be ad 
justably movable into the space between the flared por 
tions 34 of the transmission line 30 by means similar to 
the rack and pinion device 38 shown in Fig. 5. In Fig. 
8, the arrangement is quite similar to that shown in Fig. 
7 with the exception that an adjustable impedance ele 
ment 50 of any suitable character and magnitude may be 
connected into the movable short-circuited line section 
52. The impedance 50 affords an additional parameter 
that can be varied for further control of the filter char 
acteristics. 

Fig. 9 illustrates a modification of the basic principles 
of the present invention as embodied in a parallel-wire 
transmission line. As shown, an open-circuited parallel 
wire transmission line section 51 is provided consisting 
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of a pair of flat strips 54, 56 of suitable conductive mate 
rial, which are suitably fastened to a support 58 in any 
conventional manner. For a major portion of their length, 
the strips 54, 56 are spaced from the support 58 as by 
downwardly-curved terminal parts 59, 62, thus defining 
a space between the strips 54, 56 and the support 58 
into which a short-circuited line section 60 may be slid 
ably positioned and in spaced relation to the overlying 
strips 54, 56. The short-circuited line section 60 consists 
of a pair of conductive strips 61, 63, of substantially the 
same size and shape as strips 54, 56 of the open-circuited 
line. A shorting bar 65 interconnects strips 61, 63 and is 
provided with a pair of downwardly projecting studs 67, 
69 which ride in associated slots 71, 73 in the support 58. 
The reactive coupling between the open- and short-circuit 
ed line sections 51, 60 is readily varied in accordance with 
the degree of overlapping of the line sections 51 and 60. 
With large coupling, the lines sections 51 and 60 can be 
dimensioned to cooperate to act like a shorted quarter 
wave line. As the coupling is decreased, there is a gradual 
transition from the quarter-wave line mode to a half-wave 
line mode. 

If desired, a strip of solid dielectric material 64 may be 
disposed between the adjacent surfaces of the strips 54, 
61 and 56, 63 to alter the magnitude of the reactive cou 
pling. A dielectric block 68 is provided for securing 
the short-circuited line 60 in any desired position with 
respect to the open-circuited line 51. To this end, an 
adjusting screw 70 passes through suitable aligned open 
ings in the block 68 and the insulation strip 64, and into 
a threaded portion (not shown) in the support 58. Con 
nection to a circuit to be tuned may be made at the ter 
minals 72, 74. . 
While I have shown and described various specific 

embodiments of my invention, and certain modifications 
thereof, it will, of course, be understood by those skilled 
in the art that other modifications may be made without 
departing from the principles of the invention. I, there 
fore, contemplate by the appended claims to cover any 
such modifications as fall within the true spirit and scope 
of my invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. An ultra-high-frequency filter circuit comprising a 

first section of two-conductor transmission line having 
a parallel conductor part and a flared conductor part con 
nected thereto, a second section of two-conductor trans 
mission line of which the conductors are conformably dis 
posed relative said flared part, said second section being 
movable relative said first section to define therewith a 
filter having variable tuned-circuit characteristics, and 
variable reactance means connecting corresponding ends 
of the conductors of said second section remote from 
said first section thereby to affect alterations in the tuned 
circuit characteristics of said filter in accordance with the 
value of the reactance of said variable reactance means. 

2. An ultra-high-frequency apparatus embodied in a 
non-uniformly spaced transmission line comprising a sec 
tion of parallel-conductor transmission line having a flared 
portion and a conductive member positioned in said flared 
portion, said transmission line and said conductive mem 
ber being movable relative to one another to vary the char 
acteristic impedance of said line, and said conductive 
member comprising a short circuited section of two-con 
ductor transmission line having portions conformable 
with said flared portion. - 

3. An ultra-high-frequency apparatus embodied in a 
non-uniformly spaced transmission line comprising a sec 
tion of parallel-conductor transmission line having a flared 
portion, a conductive member movable in said flared . 
portion to vary the characteristic impedance of said line, 
said conductive member comprising a short-circuited sec 
tion of two-conductor transmission line having portions 
conformable with said flared portion, and a reactive load 

5 included in said short-circuit line section. 
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4. An ultra-high-frequency apparatus embodied in a 
non-uniformly spaced transmission line having a flared 
portion, a conductive member conformable to and posi 
tioned in said flared portion, said conductive member and 
said flared portion being movable relative to one another, 
said conductive member being reactively coupled to said 
flared portion to vary the characteristic impedance of 
said line. 

5. The apparatus as in claim 4 wherein said conduc 
tive member is a wedge-shaped slug. 
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