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Filed Nov. 15, 1961, Ser. No, 152,534
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This invention relates to electrical networks and more
particularly to adjustable impedance matching trans-
formers.

Generally, radio frequency transmission systems are
composed of many separate component parts connected
by a number of low-loss transmission lines. In such
systems the impedance of each of the component parts is
preferably made equal to the characteristic impedance of
the transmission line connecting the parts. There are
several reasons for matching impedances in arbitrary
systems, the primary one being that maximum energy is
transferred from one component to another when their
impedances are matched; moreover, a matched condition
eliminates reflected wave energy and minimizes the losses
in the transmission line,

Typically, components of high frequency transmission
systems intended to transmit or utilize wave energy are
matched to the interconnecting transmission lines by
means of reactive impedance matching networks.  Such
networks can be lengths of transmission line utilizing
tuned stubs or dielectric elements. The behavior of such
matching networks is substantially equivalent to the
more conventional circuits used at lower frequencies.
Typically the matching network is an integrated structure
which is inserted between two components to be matched
or between a component and a transmission line.

For laboratory and test use it is desirable that these
“impedance transformers” be variable, so that a simple
manual adjustment enables the operator to match any
two impedances. Transformers of the “single,” “double”
and “triple-stub” variety have been used extensively for
this purpose but they suffer from certain drawbacks, one
of which is the fact that at least two manual adjustments
must be made in order to match any two impedances.

In many instances, especially those encountered in
laboratory practice, it is desirable to match impedances
which are purely resistive. When using one of the prior
art variable impedance transformers for this purpose, it
is still necessary to make at least two manual adjustments
in order to eliminate any reactance introduced by the
transformer itself. By a novel arrangement of reactive
elements, the present invention obviates this necessity.

1t is, theréfore, the general object of the present inven-
tion to provide a matched coupling between networks of
diverse impedances.

It is a more specific object of the present invention to
provide transformers for matching purely resistive im-
pedances and capable of being adjusted by a single manual
control.

It is yet another object of the present invention fo pro-
vide impedance matching transformers wherein the re-
active and resistive components can be adjusted sepa-
rately.

In keeping with the principles of the present invention
the foregoing objects are accomplished through the use
of “T” and “#” networks comprising adjustable reactance
elements. In the high frequency embodiments of the
invention, open and shorted coaxial line stubs are utilized
as the network elements, whereas in the low frequency
embodiments inductors and capacitors are utilized as the
network elements.

As mentioned above, a feature of the present inven-

" tion is the mechanical coupling between the elements of
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the impedance matching transformer which allows the
tuning to be done with one manual adjustment. In one
specific embodiment of the invention the impedance
matching ratio is adjusted by varying the reactances
of a plurality of coupled open-circuited and short-cir-
cuited coaxial line sections. In accordance with the prin-
ciples of the present invention the reactances are varied
simultaneously and in such a manner that the reactances
of two of the sections are always maintained equal to
each other and the reactance of the third section is main-
tained equal to the negative of the other two.

In an illustrative embodiment of the invention, the
mechanical means for performing this adjustment com-
prises a rack and pinion gear arrangement mounted on
the transformer structure. In the low frequency embodi-
ments of the invention the impedance matching ratio of
the transformer is adjusted by varying either the capaci-
tances or the inductances of the various network ele-
ments simultaneously. In these embodiments the me-
chanical means is easily integrated into the capacitor or
inductor structure in the form of “ganged” capacitors
and inductors.

The above mentioned and other features and objects of
this invention will become more apparent by reference to
the following description taken in conjunction with the
accompanying drawings in which:

FIGS. 1A and 1B are simplified circuit diagrams of
“T” and “#” networks for facilitating the descnptwn of
the 1nvent1on

FIGS. 2A and 2B are schematic representauons of
open and shorted transmission lines showing the imped-
ances associated therewith;

FIGS. 3A, 3B, 3C, and 3D are cross-sectional views
of four high frequency embodiments of the present
invention;

FIG. 4 is a pictorial view, partially in cross section, of
a preferred embodiment of the invention;

FIG. 5 is a pictorial view of the embodiment of FIG.
4 illustrating the mechanical ganging of the tuning con-
trols;

FIG. 6 is a longitudinal cross-sectional view of a
“triple stub” coaxial impedance transformer used as an
aid in explaining the means by which principles of the
present invention may be applied thereto;

FIG. 7A is a schematic representation of a low fre-
quency embodiment in accordance with the principles of
the present invention;

FIG. 7B is a pictorial view of a possible capacitor ca-
pable of being utilized in the embodiment of FIG. 7A;
and

FIG. 8 is a schematic representation of yet another low
frequency embodiment in keeping with the principles of
the present invention.

Referring to the circuit of FIG. 1A, there is shown a
T-network consisting of reactive elements X;, Xs, and X3
to which there is coupled a load impedance Z;. The im-
pedance Z of the circuit at terminals 1-1" is given by the
equation

. 1
=it Ry FIIK, (1)
By making X;=—X,, Equation 1 becomes
=Xl i(x—x)
VA (2)

and if the T is made symmetrical by making X;=Xj, then
_X2
~ 7 (3)

Similarly, in the m-network of FIG. 1B, if the reactive
elements By, By, and B are adjusted so that

B=By=—B;
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the equation for the admittance .as seen -across terminals
1-1’ is

(4)

Equations 3 and 4 are similar in form to the input im-
pedance and -admittance ‘of -quarter-wave sections - of
transmission line terminated with loads Z; and Y7, respec-
tively. - These equations are
_Z
~Z

=T
-7

where Zy and Y, are the characteristic impedance and the
characteristic admittance of the lines.

Z

In other words, the networks of FIGS. 1A and.

1B, when properly adjusted; behave electrically as quar-
ter-wave transmission line sections and enjoy the same
impedance transforming properties. The important. dis-

tinction between an actual quarter-wave . transmission line -
and a so-called “‘artificial transmission line” of FIG. 1A

or 1B is-that the characteristic impedance of .the artificial
transmission line can be easily varied whereas the charac-
teristic impedance of a real line can.not. ‘And even. if,
with: some difficulty, the impedance of a real line. can be
varied, the range of variation is quite limited. )

If, however, sections of transmission line are connected
together and their lengths proportioned in the manner to
be explained .in" detail -hereinbelow, the disadvantages
peculiar to the individual transmission line when used as
a quarter-wave matching section no longer exist. In.ac-
cordance with the invention the several lengths of trans-
mission line serve, not as impedance transformers, but as
reactance elements in a “T” or “x” network.:

FIG. 2A shows an open-circuitéd transmission line sec-

tion of length x having a characteristic impedance Z;. In-

practice, the resistive losses of a short-line can be neg-
lected -and when this is done the impedance locking into
terminals 1-1" is a pure reactance ‘given by:

Xoe=~—Zy cot Bx

~where the phase constant g8 equals 2«/\, and X is the
wavelength in the transmission: line.
admittance standpoint, the susceptance By, at terminals
1-1’ is given by: :

-Bcu::i

7 tan Bz

FIG. 2B shows a section of transmission line of length

[ and characteristic impedance Z, short-circuited ‘at one
of iits ends.  Again, if the resistive losses are neglected

the impedance looking into terminals 2-2’is a pure re-

- actance

Xsc=ZD tan ﬁl (5)

and the admittance of the shorted line is a pure suscept-
ance given by

L
Z)cot Bl (6)

If the lengths of the two lines are made adjustable so
that the sum of their lengths x-}- is equal to A\/4, the re-

.

If viewed from .the .
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actance of the open-circuited section can be written as.

Xoe=—2Z, cot 8x
Since x={(\/4-1),
Xoo="—2Zy cot B(N/4—1)=—Z; cot (x/2—pl)
However, since cot (w/2—A)=tan A, then
Xoe=—2Z, tan gl (7)

The susceptance of the open-circuited section is

1
B""_—Z-g t?n Bz

65

70:

75

4
Substituting for x, ;
By=1/Z, tan p(N/4==1)=1/Zy tan (=x/2—8I)
and since tan:(w/2—A4)=cot A4, then:
N
Boe= 7 cot. 81 (8)

It is apparent: from Equations;.5 through ;8  that
Xse=—X¢ -and Bgo=—DBgs,.. These, -however,. are the
requirements that must be met by Xy and X5 and B, and-

‘Byiin the networks-of FIGS. 1A ‘and 1Biin:order to ob-

tain’ impedance transforming: action. .. Thus, by combin-.
ing an-open and a shorted transmission line section, the
sum of whose lengths is-a:quarter: wavelength, and by

.adding another open;or shorted transmission; line sec-:

tion: as:the third reactive element, ;various circuits having
the :desired ‘impedance transforming properties -are: ob-.
tained.. . Furthermore, if the reactance of the various sec-
tions is changed by varying their:lengths, the «circuits are
capable of providing: a wide range. of impedance :ratios.

FIGS.-3A and 3B :are :cross-sectional: views of . two:
embodiments of the invention utilizing coaxial line .con-
struction-arranged in the-manner of a T-network.. FIG,:
3A 'shows :a high-pass T-network consisting of substan-:

tially identical quarter-wavelength inner: conducting -rods

10 and 11 joined by conductor 12 which makes a slide- -
able .contact” with -each along- their. Tespective lengths. -
The. regions of rods: 16 and .11 below the -slideable junc-
tion provided .by: conductor. 12 are:surrounded by.cylin«

.drical: iouter ~conductors 13 iand- 14, respectively. The

regions of rods-1¢iand 11 above these.points are sur-
rounded : by cylindrical- conducting - sheaths 15 ‘and 16
which, in turn; are: surrounded- by cylindrical .outer con-|
ductors 17 and 18, respectively.. For the sake of clarity,
the :-means whereby «conductor 12 and sheaths 15 and 16
are -held in position:are not shown in FIG. 3A.. Such
means can, however,: be ‘any. of ‘thé low-loss diclectric
beads or spacers.well known in the art.

Outer conductors 13, 14, 17, and 18 :are -all iconduc-
tively joined in a2 manner so.as to provide: a shield around
rods 10 and 1%;rconductor-12,:and sheéaths 15 and.16.

Inner conducting rodsi 10 jand 11 are shorted to:outer: - 7

conductors 13 -and-14 by means of shorting disks 19 and
20.+ This construction enables rods 10 :and 11 to move
in:a direction:parallel to théir longitudinal: axes while
maintaining: contact’ with outer :conductors: 13. and 14;
The dashed line connecting rods 10 and 11 indicates a
mecihanical -connection for moving both:rods: simultane-
ously.

Input connections to the device :are provided across the.

- open ends: of outer ‘conductor 17 and sheath:15:  The

load impedance Z; to be transformed is connected across -
outer- conductor -18 :and ‘sheath :16.: The input; and
output: connections can, . of ‘course, ‘be: interchanged. as
seen from the symmetry of the device.

Returning to the terminology. of FIG. 1A, it is evi-
dent that the coaxial section formed by rod 11 and: sheath
16 corresponds to the reactance X;; and the coaxial sec-
tion formed by rod 10 and. sheath 15 corresponds to Te-
actance X3 The ‘parallel. combination: of the two sec-

‘tions formed:by rods 10 :and .11 ;and outer conductors:

13 ‘and 14, respectively, corresponds to.the. third react-
ance X, .

In - operation, .the. impedance . transforming ratio is
ghanged when rods:10. and 11 are moved simultaneously:
in a direction parallel to their -axes. From the stand-
point of symmetry,. it is seen that X; and X3 .are always -
equal; and since the:lengths. of rods 10 and 11 are one-
quarter -wavelength at:the operating frequency,

Xp=—Xi ,

In FIG. 3B; there is shown a low-pass T-network sub-
stantially identical to the high-pass network of FIG. 3A.
In this figure like numerals have been utilized to- indi-
cate the. correspondences: bétween the. elements :of this
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embodiment and that of FIG. 3A. The only substan-
tial difference between this embodiment and the previ-
ous one is that shorting disks 19’ and 26’ have replaced
disks 19 and 20, respectively. The functions of the vari-
ous elements and combinations of elements are substan-
tially the same as those of FIG. 3A except that rods 19
and ‘11 are now shorted to conducting sheaths 15 and
16.

In keeping with the principles of the present inven-
tion, the coaxial line sections formed by rods 18 and 11
and sheaths 15 and 16; and sheaths 15 and 16 and outer
conductors 17 and 18 are designed so that their char-
acteristic impedances are equal. Since the coaxial sec-
tions formed by rods 10 and 11 and outer conductors 13
and 14 are in parallel, they are designed to have a char-
acteristic impedance equal to twice this value.

In FIG. 3C there is shown in icross section another
embodiment of the present invention intended for oper-
ation at high radio frequencies. This embodiment is a
coaxial w-network arranged in the mannmer of a high-
pass filter. In this embodiment two substantially identi-
cal quarter-wavelength conducting rods 21 and 22 are
slideably connected along their lengths to conductors 3¢
and 31, respectively. Conductors 30 and 31, in turn,
serve as the inner conductors of the imput and output
coaxial line sections 34 and 35, respectively. Rods 21
and 22 are surrounded by outer conductors 23 and 24
over that portion of their lengths below the points of
connection with conductors 30 and 31. The regions of
rods 21 and 22 lying above these points extend into two
cylindrical cavities 25 and 26, respectively, which have
been formed in a solid conducting element 27.

Element 27, which is proportioned so that its length
is equal to ome-quarter wavelength at the operating fre-
quency, is, in turn, surrounded by an outer conductor
28 and conductively attached thereto by end-plate 29.
The coaxial input and output sections as well as outer
conductors 23, 24, and 28 are conductively joined so as
to provide a shield surrounding rods 21 and 22 and con-
ductors 30 and 31.

Shorting disks 32 and 33 are attached to the lower
end points of rods 21 and 22, respectively, so that each
rod is slideably shorted #o its corresponding outer con-
ductor 23 and 24. Again, for the sake of clarity, the
means for positioning and holding conductors 30 and 31
have not been shown but can comprise any of the low-
loss dielectric beads or spacers known in the art.

o the terminology set forth in comnection with FIG.
1B, the coaxial section formed by rod 22 and outer ¢on-
ductor 24 corresponds to the susceptance By The «co-
axial section formed by rod 21 and outer conductor 23
corresponds to susceptance Bj and the series combina-
tion of the coaxial sections formed by rod 21 and cavity

25 and rod 22 and cavity 26 corresponds to the third

susceptance By, Again, it is obvious from the symmetry
of the structure that B, and B; are always equal; and
since the lengths of rods 21 and 22 are one-quarter wave-
length at the operating frequency, By=~—Bi.

In FIG. 3D, there is shown another embodiment of
the present invention substantially identical to that of
FIG. 3C, wherein the numbering of the elements has been
carried over from the corresponding elements of that
embodiment. This embodiment is a low-pass m-network
wherein the shorting disks 32’ and 33’ have replaced
disks 32 and 33 so that rods 21 and 22 are slideably
shorted to the inner conducting surface of cylindrical
cavities 25 and 26, respectively.

In operation, rods 21 and 22 in both embodiments 3C
and 3D are moved simultaneously along their longitudinal
axes. The mechanical means for operating this portion
is not shown but merely indicated by the dashed line.

In the embodiments of FIGS. 3C and 3D the coaxial
line sections formed by rods 21 and 22 inside outer con-
ductors 23 and 24 are designed to have a given char-
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acteristic impedance, and since the coaxial sections formed 78

6

by rods 21 and 22 inside cavities 25 and 26 are in series,
these sections are designed to have a characteristic im-
pedance of one-half this value. As mentioned above, the
coaxial line section formed by element 27 and outer con-
ductor 28 is one-quarter wavelength long; therefore, it
has no effect on the other coaxial sections and its char-
acteristic impedance is not critical.

In FIG. 4 there is shown, partially in cross section, a
refinement of the present invention derived from the em-
bodiment of FIG. 3C. This embodiment consists of
hollow, cylindrical conductors 40 and 41 of substan-
tially equal cross-sectional dimensions oriented so that
their ends are in close proximity and their axes colinear.
A conducting rod 42 extends along this common axis
through conductor 41 and into conductor 4.

Rod 42 is conductively insulated from conductor 40
by dielectric disk 43 which allows longitudinal motion of
rod 42 relative to conductor 40. Rod 42 is joined to
inner conductor 44 of coaxial transmission line sec-
tion 45 by means of a spring contact 46. Contact 46
is located in the region between conductors 40 and 41.
The nature of contact 46 is such that it allows rod 42
to move longitudinally while maintaining electrical con-
tact with inner conductor 44.

Cylindrical conductor 40 is conductively connected to
inner conductor 47 of coaxial line transmission section
48 at its end nearest conductor 41. Connection 49 is
a rigid one and allows no relative motion between con-
ductors 4¢ and 47.

Conductor 40, which surrounds a portion of rod 42,
is, in turn, surrounded by a cylindrical outer conductor
50. Conductor 50 extends the entire length of conductor
40 and is joined to conductor 41 and the outer conductors
of transmission line sections 45 and 48. In this manner
conductors 41 and 50 and the outer conductors of trans-
mission line sections 45 and 48 form a continuous surface.

Conductors 40 and 50 are conductively shorted by
anmular shorting ring 5i. Ring 51 is attached to cylinder
52 which extends past the ends of conductors 40 and
50 and enables the position of the short provided by ring
51 to be adjusted.

Rod 42 is shorted to conductor 41 by means of annular
shorting ring 53 which is attached by means of rods 54
to another ring 55 lying outside the end of conductor
41, Set-screw 56 is provided in ring 55 in order to
clamp the two rings 53 and 55 in position on rod 42.
Thus, ring 53 can be moved with respect to rod 42
and conductor 41 or with respect to conductor 41 only.

The lengths of the three coaxial sections which make
up the impedance transformer in the present embodi-
ment have been designated I, Iy, and /. Length [ is
that of the shorted coaxial section formed by conductor
41 and rod 42 extending from spring contact 46 to
shorting ring 53. Length I, is that of the open-ended
coaxial section formed by conductor 40 and rod 42
between contact 46 and the end of rod 42. And length
I, is that of the shorted coaxial section formed by outer
conductor 50 and conductor 40 between junction 49 and
shorting ring 51. In keeping with the principles of the
present invention, the three coaxial sections referred to
are proportioned so that they all have the same character-
istic impedance Z;.

In operation, /; and l; are made equal by adjusting
the position of shorting ring 51 or 53. This adjust-
ment is easily made if cylinder 52 and either of rods
54 has first been calibrated and the lengths marked there-
on. After this preliminary adjustment rod 42 is adjusted
so that the length /;--1, is electrically equal to one-quarter
wavelength at the operating frequency. This adjustment
is facilitated by observing the impedance at input section
48 when the output section 45 is terminated with a purely
resistive impedance. When the length Li+/s is properly
adjusted the impedance seen at the input of the device
has no imaginary component.

In order to operate the device as an adjustable im-
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pedance matching transformer,: it is' necessary:to vary:
The: -,
other requirement that /;4I;: equal one-quarter wave- -

the lengths so that-l; and I3 are -always equal.

length .is met-if the shorting ring -53 is clamped in place
on rod 42 by means -of set-screw. 56 -after its :initial
adjustment.

FIG. 5 illustrates the mechanical means. utilized in
adjusting . the- transformer of FIG. 4. Like numerals
have been employed to designate like elements: in the
two figures.. . A dual rack ‘and pinion arrangement com-
prising racks 60 and 62. and pinion gear 64 is mounted
on the device.as shown. Rack 60.is:attached to cylinder
52 by means of end plate 61. . Similarly, rack 62 is
attached to- ring 55 by means of. plate 63. The two
racks are engaged by pinion gear 64 which is manually

of racks 60 -and 62 and pinion:.gear 64 is mounted.on
outer conductor 41 by bracket:66.

A rotational motion of knob 65 is transformed into a
linear motion and varies the lengths 1; and I, referred to
above, while maintaining the relation l;=1I;." Since ;-1
has already been set equal toone-quarter wavelength
by. the preliminary adjustment of rod 42, no further ad-.
justment:is necessary if the frequency remains unchanged.

If- the output coaxial line 45 is terminated by a purely
resistive impedance R then the transformed impedatice
looking into the input line 48 is given: by:

____Zoz tan? ﬁll
a R

It is therefore seen that the range of impedance trans-

Z

formation can' be 'quite ‘large, depending on the range:

over which [;, /, and I; can be varied.

It is understood. that the mechanical means shown in
FIG. 5 is for the purpose of illustration only and that
many other mechanical ganging arrangements can be
utilized in practicing the-invention.

The principles-of the. present invention may also be
applied to the prior.art device known. as. the. triple-stub.
tuner.. FIG. 6 shows a simplified cross-sectional -view
of such a device. The triple-stub tuner of FIG.:6 com-

‘prises a main coaxial transmission line -section 70 with

three .associated -coaxial line stubs 71, 72,-and 73,:ar-
ranged along the length thereof. In. general, the longi-
tudinal spacing between consecutive stubs is one-quarter
wavelength at the operating frequency. The positions

of the shorting rings within- stubs ‘71, 72, 'and 73 are.

adjustable by means of cylinders 74, 75, and 76, which
may or may not be of conducting material.

The lengths of the input, intermediate, and output stubs
have been designated I, I, and /3, respectively, in order
to explain the operation of the device of FIG. 6 modi-
fied by the principles of the present invention. - In order
to enable the triple-stub. tuner to couple a metwork of
one purely resistive impedance .of a given value to that
of another purely resistive impedance the following pro-

cedure should be followed. First, the lengths /;-and Is .
For this purpose.-
cylinders 74 and 76 are rigidly joined by member 77

are maintained substantially equal.

which allows lengths /; and I3 to be changed only simul-
taneously so that [; always equals I;. Secondly, the lengths

li+15 (and I3+1y) are made equal to one-quarter wave-:

length.
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The second requirement is met by ganging cylinder 75"

and cylinders 74 and 76 so that as /; and I3 are increased
1, is decreased by the same amount.
is easily accomplished, as it was with the :embodiment
of ‘FIG: 4, by providing -a rack and pinion arrangement

-65
This arrangement -

similar to that.of FIG. 5. Such a mechanism, can be .

easily comstructed by a skilled mechanic and is not illus-
trated in FIG. 6.

So far, the various embodiments of the present inven-
tion have only been: described with regard to operation

70

wherein one purely resistive impedance is transformed -

. into another purely resistive impedance of a different

75

8

value::- For most: laboratory -purposes -this is. the :only
case that is encountered.. -If, however; it is desirable.to
adjust. the-reactive : component of an:impedance so - as:
to -eliminate itiin the transformed impedance or:to.intro-
duce a reactive component, -a further-step:can be:taken.-

Ifit- is desired. to adjust-the .reactive component in--
dependently. of. the resistive component, a simple match-
ing stub is shunted across either the :input;line .or the -
output line of ithe :device.. The reactance -of this stub -

-is adjusted:-to any-value desired without affecting the re- -
sistive: component.-

If; on thé -other hand, a small interaction between the.
resistive .and . reactive controls can be tolerated, this:ad-
justment can be made without employing:a separate stub.
In this case, the:real or resistive component can:be -ad-
justed: using the .invention :as described hereinabove ‘and-
then by disengaging.the:ganging mechanism and adjust- -
ing I3 separately to.the desired .value ‘of reactance.

The: original T and- w-networks of -FIGS: 1A -and 1B
can ‘be exploited to:‘provide variable impedance -trans-
formers -for. lower frequencies. - FIGS.>7A -and: 8 are
schematic diagrams. of two embodiments of the: present ..
invention employing lumped parameter: circuit elements.
FIG.:7A is a T-network iuseful in: the: Jow. megacycle
regions. . It consists of -ganged- capdcitors C,, Cs, and C;
and inductor-L as the constituent reactive elements: of
the.transformer.: . The input.of the transformer-is at-ter- -
‘minals 1-1""and . the output is: terminated by load:im- -
pedance R..

Returning -to the terminology -developed iin - associa-
tion with FIG. 1A, in FIG. 7A:

1.
Y= (9)
1¢ '
X3= e (10)
-and
X,= __il_ .
v <w02_'w—L 2 (11)
By setting X;=X3 and X;=—X,, we have:
11 ,
wa—;_ ___l_ .
(wCZ wL .
or
w(Ci+C3) =wiL—éconstant (12)

By making -the -variable capacitances identical and by
ganging them in such a way that C; and:Cjy increase ‘while
C; decreases, - then: C14-C, is -maintained .constant: and
Equation 12 “is satisfied.” The. impedance .of - the  trans-.-
former-of FIG::7A, looking. inte. terminals -1-1":is, from
Equations 3 and 12::

P T
" («C1)2R

FIG. 7B is a.simplified pictorial:illustration: of & vari=
able .capacitor for use in.the embodiment of FIG. 7A..
The .capacitor. consists :of - shaft: 80.:on which :there is
mounted rotor plates 84,85, :and 86.:. Stator plates 81, .
82, and 83 are located on:either side of each of the:rotor.
plates: 84, 85, :and 86; respectively, In this manner rotor
plate ‘84 and stator plates 81 form a capacitor.Cj, plates
82 and 85 form capacitor:C,; and plates 86 :and. 83 form
capacitor :C;.  The:position of stator: plates 82-are 180
physical degrees from the position of plates:-81 and 83.:
Therefore, . the -capacitance - of Cj decreases. as that of
C; and C; increases and:-if the physical dimensions and:
spacing of .each set of plates are equal,: Ci+Cj3 is always
constant and-C; is-always equal to Cs. . The present in-:

Z

vention: should not be deemed limited by the capacitor .
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shown in FIG. 7B, since it is included for purposes of
iltustration only.

FIG. 8 is a schematic representation of another low-
frequency embodiment of the present invention. The low-
pass T-network of FIG. 8 is similar to the high pass T of
FIG. 7A except that inductances Ly, Ly, and Ly have
replaced C;, C,, and C; and capacitor C has replaced
inductor L. The requirements in this transformer are
that L, equal Ly and L;+Lg or Lg-+Ly be constant. If
identical tapped inductors are used it is readily seen that
the above relationships can be satisfied.

In all cases it is understood that the abovedescribed
arrangements are illustrative of a small number of the
many specific embodiments which could represent an ap-
plication of the principle of the invention. Other arrange-
ments, including variable impedance transformers utilizing
transmission lines other than the coaxial type can readily
be devised in accordance with these principles by those
skilled in the art without departing from the spirit and
scope of the invention.

What is claimed is:

1. In combination, a plurality of variable reactances,
means for connecting a first variable reactance X; be-
tween a first terminal and a first common junction, means
for comnecting a second variable reactance X; between
said first common junction and a second common junction,
means for connecting a third variable reactance Xj be-
tween said first common junction and a second terminal
where X;=X3=—X,, input means connected between said
first terminal and said second common junction, output
means connected between said second terminal and said
second common junction, and a single means for adjust-
ing all of said reactances simultaneously while maintain-
ing the relations X;=X3=—2X,.

2. The combination according to claim 1 wherein said
first and third variable reactances are variable capacitors
and said second variable reactance is a parallel combina-
tion of an inductor and a variable capacitor.

3. The combination according to claim 1 wherein said
first and third variable reactances are variable inductors
and said second variable reactance is a series combination
of a capacitor and a variable inductor.

4. The combination according to claim 1 wherein said
first and third variable reactances are open-circuited
transmission line stubs and said second variable reactance
is at least one short-circuited transmission line stub.

5. The combination according to claim 1 wherein said
first and third variable reactances are short-circuited
transmission line stubs and said second variable reactance
is at least one open-circuited transmission line stub.

6. An adjustable impedance matching transformer com-
prising, in combination, a plurality of variable reactances,
means for connecting a first variable reactance X; be-
tween a first terminal and a common junction, means for
connecting a second variable reactance X, between said
first terminal and a second terminal, means for connecting
a third variable reactance X; between said second termi-
nal and said common junction where X;=2X3=—Xj, input
means connected between said first terminal and said
common junction, output means connected between said
second terminal and said common junction, and a single
means for adjusting all of said reactances simultaneously
while maintaining the relations X;=X;=—Xo.

7. The combination according to claim 6 wherein said
first and third variable reactances are open-circuited trans-
mission line stubs and said second variable reactance is
at least one open-circuited transmission line stub.

8. The combination according to claim 6 wherein said
first and third variable reactances are short-circuited trans-
mission line stubs and said second variable reactance is
at least one open-circuited transmission line stub.

9. A variable impedance transformer including, in com-
bination, a plurality of sections of coaxial transmission
line all having the same characteristic impedance, and
connected as follows: a first section of coaxial transmis-
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sion line comprising a hollow inner conductive cylinder
and a surrounding outer conductive cylinder; second and
third sections of coaxial transmission line, each having
an inner conductor and a surrounding outer conductor,
and each having one end thereof abutting upon one end
of said first line; adjustable means for conductively ter-
minating the other end of said first line located at a dis-
tance /; from said one end; the outer conductors of said
second and third lines making conductive contact with
the outer cylinder of said first line; means for connecting
the inner conductor of said second line to the inner cylin-
der of said first line at said one end; a fourth section of
coaxial transmission line having an inner conductor and
a surrounding outer conductor colinearly aligned with
said first line with the outer conductors thereof in con-
ductive contact; the inner conductor of said fourth line
extending past the inner conductor of said third line and
making slidable contact therewith and further extending
into said hollow inner cylinder a distance I past said
slidable contact and forming therewith a fifth section of
coaxial transmission line; adjustable means for conduc-
tively terminating said fourth line at a distance /; from
said slidable contact; means for simultaneously varying
said distances l;, 5 and l; while maintaining the relation-
ships /y=I; and l;--1; equal to a constant; and input and
output means connected to the other ends of said second
and third lines respectively.

10. An adjustable impedance matching transformer ar-
ranged in the manner of a high-pass T-network comprising
a pair of parallel conducting rods, means for conductively
connecting said rods at corresponding points intermediate
the ends thereof, a first pair of hollow cylindrical con-
ductors coaxial to and surrounding a portion of each of
said rods and extending from said points past one pair of
corresponding ends of said rods, a second pair of hollow
cylindrical conductors coaxial to and surrounding a por-
tion of each of said rods and extending from said points
past the other corresponding ends of said rods, said first
and second pairs of cylindrical conductors being conduc-
tively insulated from each other, a third pair of hollow
cylindrical conductors coaxial to and surrounding said
second pair of cylindrical conductors over the -entire
lengths thereof, said first and third pairs of cylindrical
conductors being conductively connected, a single me-
chanical means for simultaneously varying the position
of said points along the lengths of said rods, input means
connected between one of said second pair of cylindrical
conductors and the corresponding conductor of said third
pair of cylindrical conductors, output means connected
between the other of said second pair of cylindrical con-
ductors and the corresponding conductor of said third
pair of cylindrical conductors, and means for conductively
connecting corresponding ends of said rods to adjacent
points on the respective conductors of said first pair of
cylindrical conductors.

11. An adjustable impedance matching transformer
arranged in the manner of a low-pass T-network compris-
ing a pair of parallel conducting rods, means for con-
ductively connecting said rods at corresponding points
intermediate the ends thereof, a first pair of hollow cy-
lindrical conductors coaxial to and surrounding a portion
of each of said rods and extending from said points past
one pair of corresponding ends of said rods, a second pair
of hollow cylindrical conductors coaxial to and surround-
ing a portion of each of said rods and extending from
said points past the other corresponding ends of said rods,
said first and second pairs of cylindrical conductors being
conductively insulated from each other, a third pair of
hollow cylindrical conductors coaxial to and surrounding
said second pair of cylindrical conductors over the entire
lengths thereof, said first and third pairs of cylindrical
conductors being conductively connected, a single me-
chanical means for simultaneously varying the position
of said points along the lengths of said rods, input means
connected between one of said second pair of cylindrical
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conductors and the corresponding conductor of said third -
pair. of cylindrical conductors, output means connected -

between the other of said second:pair of cylindrical con-
ductors. and the corresponding conductor of said third
pair of cylindrical conductors, and means for conductively
connecting ‘corresponding ends of said. rods to adjacent
points on the respective conductors of. said. second pair
of cylindrical conductors.

12. An adjustable impedance matching  transformer-

arranged -in:the manner of -a high-pass =-network com-
prising a pair of parallel ¢conducting rods, means for con-
ductively connecting ‘the inner conductors of.a pair of
coaxial transmission line sections to said rods at corre-
sponding points intermediate the ends thereof, a first pair
.of hollow cylindrical conductors coaxial to and surround-
ing a portion of each of said rods and extending:-from
said points past: one pair of corresponding ends of
said rods, the other corresponding ends of said rods ex-
tending into.a pair of cylindrical cavities formed in a
solid . cylindrical conductor, a.third: hollow. cylindrical
conductor coaxial to and surrounding said solid cylindri-
cal conductor. over. the entire length thereof; said -third
hollow cylindrical conductor being conductively connected
to said solid cylindrical conductor, to said first pair .of
hollow cylindrical conductors, and to the outer conductors
of said pair of coaxial transmission line sections, input

means connected to one of said coaxial transmission line -

sections and output means connected to. the other-of said
coaxial transmission line sections; a single mechanical

means for simultaneously varying the position of said:

points-along the lengths of said rods, and means for con-
ductively connecting corresponding ends of said rods to

adjacent points on said first pair of cylindrical conductors. -

13. An adjustable impedance -matching transformer. ar-

ranged in the manner of a low-pass w-network comprising .
a pair of parallel conducting rods, means for conductively

connecting the inner conductors of a pair of coaxial trans-
mission line sections to said rods at corresponding points
_intermediate the ends thereof, a first pair. of hollow cy-

lindrical conductors coaxial to and surrounding a portion
of each of said rods and extending from said points past.
one pair of: corresponding ends. of said. rods, the otheér -
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12 ,
corresponding--ends of :said- rods extending.into- a pair:
of cylindrical - cavities formed in a solid cylindrical .con-

ductor;-a third : hollow -cylindrical : conductor -coaxial -to -

and surrounding said’ solid cylindrical conductor over the

-entire. length-thereof,; said . third: hollow cylindrical con--

ductor-being- conductively connected to said.solid cylin--
drical conductor; to said first pair: of hollow cylindrical
conductors, -and to the .outer conductors of said pair of
coaxial transmission line sections, input means connected

to one of said coaxial transmission line sectiomns-and out-:

put:means: connected .to the :other of said coaxial trans-:
mission line sections, a single mechanical means:for simul-
taneously - varying the :position- of said points:along the -
lengths of said.rods, and means for conductively connect-
ing corresponding ends: of said rods to adjacent points on :
the inner surface of said.:cylindrical:cavities.

14.. A triple-stub coaxial- line :tuner comprising, in
combination,- a.main coaxial. line . section, first, second,
and- third short-circuited stubs connected in shunt with
said main section along the length thereof -and spaced
one-quater wavelength apart; said stubs having effective
electrical lengths equal to 1," I, andls, respectively, a
single mechanical “means: for . adjusting -all fof said lengths
simultaneously while: maintaining the relations ;=I5 and :

114 Iz==constant. .
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