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1. 
My invention relates to impedance matching 

transformers for a concentric transmission line 
and it has for its object to provide an improved 
impedance matching means for two dissimilar 
Sections of such a line. 
The use of a transmission line having a length 

equal to a quarter of a wave length, or any odd 
multiple thereof, of the wave to be transmitted, 
to match two unequalimpedances is well known. 
In the past various types of balanced and unbal 
anced lines, Such as a two-wire balanced open 
line, two bar or strip balanced open lines, coaxial 
unbalanced lines, and similar composite lines 
have been employed for this purpose. In gen 
eral, in most practical applications, it is neces 
sary to vary the surge impedance of the quarter 
wave line in order to obtain precise impedance 
matching. This has been accomplished, in the 
case of the two-wire line, by varying the spacing 
of the conductor elements. 
line, variation of the surge impedance has been 
accomplished by varying the ratio of the diame 
ters of the conductors. This method of varying 
the Surge impedance of a coaxial line is cumber 
Some, requires disassembly of the line, and the 
variation of surge impedance is not continuous. 
To obtain a continuous variation of the surge 
impedance of an impedance matching section and 
One which does not require disassembly of the 
line, my invention employs a shielded line in 
which the inner conductor may or may not be 
coaxial. 

It is an object of my invention, therefore, to 
provide in a transmission line an eccentric sec 
tion for matching the impedance of one section 
of the line with the impedance of an adjacent 
Section, the impedance of the eccentric section 
being the geometric mean of the impedances of 
the two sections. 

It is a further object of my invention to pro 
vide an unbalanced impedance matching trans 
former which may be manufactured at low cost, 
which may be inserted in a transmission line 
without difficulty, and which may be adjusted 
with ease to provide precise impedance match 

The features of my invention which I believe 
to be novel are set forth with particularity in 
the appended claims. My invention itself, how 
ever, together with further objects and advan 
tages thereof, may best be understood by refer 
ence to the following description taken in con 
nection with the accompanying drawing, in which 
Fig. 1 is a Section of a transmission line employ 
ing the impedance matching transformer of my 
invention: Fig. 2 is a sectional view of the trans 
former of Fig. 1 on the line 2-2, and Figs. 3 and 
4 are modifications of my impedance matching 
transformer. 
In the transmission line of Fig. 1, adjacent sec 
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tions to and il, having different values of surge 
impedance, are connected together by means of 
the impedance matching transformer 2. As 
shown, the sections O and if comprise coaxial 
tubular outer conductors 3 and 4 having the 
same diameter and coaxial inner conductors 5 
and 6 of different diameters. . The inner Con 
ductors are held in spaced relation with respect to 
the Outer conductors by means of Suitable in Su 
lators 28. Section O of the transmission line may 
be connected to Some Source of Voltage, Such as 
a radio transmitter, and section to some utili 
zation means, for example an antenna. It will 
be realized of course that instead of connecting 
the transformer 2 to the section , it may be 
desired to connect this section directly to a load 
impedance. 
In the above described transmission line, if 

the impedance of section , that is the load im 
pedance, is Zr and the impedance of section 0, 
that is the sending end impedance, is Zs, the surge 
impedance Zo of the connecting line or quarter 
wave transformer, in accordance with well known 
transmission line theory, is related to the other 
impedances by the relation Zo?=ZZr. In prac 
tical application it is difficult to obtain the de 
sired value of Surge impedance for the matching 
line. Considerable experimentation and conse 
quent disassembly of the transmission line are 
required before a satisfactory arrangement is ob 
tained. 

In accordance with my invention, a precise 
value of Zo for the impedance transformer ?2 
is obtained by making the electrical length of the 
section f2 equal to a quarter wave length at the 
angular velocity of the desired operating fre 
quency and by providing. in the section f2 an 
inner conductor 7 which is eccentrically dis 
posed with respect to the tubular Outer conductor 
f8 and means for adjusting the amount of this 
eccentricity, conductor 7 being connected to con 
ductors 5 and 6 by means of the flexible cable 
9. . . . . . . 
Adjustment of the position of conductor 7 

With respect to the tubular conductor f3 is se 
cured by means of the triadic insulator support 
shown in Fig.2. The members 20 suitably secured 
to the outer conductor 8, as by brazing or weld 
ing, have internally threaded bores 2 in align 
ment with the three equally spaced coplanar 
threaded openings 22 in the outer conductor 8. 
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Rodlike members 23 of suitable insulating mate 
rial, having enlarged head portions 24 externally 
threaded for engagement with the threads 2, 
hold conductor 7 in spaced relation with Outer 
conductor f8. By adjustment of the threaded 
heads 24 in members 20, the position of con 
ductor 7 with respect to conductor 8 may be 
adjusted as desired. Member 20 is likewise 
threaded over a portion of its outer surface for 
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engagement with cooperating threads on the in 
terior of cap member 25. For installations in 
which a gas-filled transmission line is used, seal 
ing gasket 2S is provided between cap member 
25 and a shoulder portion 27 on member 2. 
The ratio of the outside diameter of conductor 

f to the inside diameter of conductor 8 may Or 
may not be different from the ratio of corre 
sponding diameters in sections and of the 
transmission line. In general, the impedance 
transformer 2 is used to match two lines or two 
sections of a line of different characteristic in 
pedance and the above-mentioned diameter ratio 
for the section 2 is chosen to give Substantially 
the correct surge, or characteristic, impedance 
for this matching section when the position of 
conductor with respect to conductor 3 is at 
approximately the midpoint of eccentric move 
ment. In this way the surge impedance of the 
matching section 2 may be varied above or below 
a calculated and expected value in Order to ob 
tain precise matching with sections and i. 
Movement of the inner conductor a from the 
midpoint of its eccentric path toward the axis 
of the transmission line is effective to increase 
the surge impedance of the matching section 2, 
while movement further from the axis is effective 
to decrease the surge impedance of this Section. 
The expression for the surge impedance Zo of 

the matching section 2 for any eccentricity nay 
be derived in the following manner. It can be 
shown mathematically that the capacitance C of 
such a line is 

.0894 
C= -7N 7 a - (3) +(3)-- cosh S 4 - N44 

ab 
2 

a=the outside diameter of the inner conductor 7, 
b=the inside diameter of the outer conductor 8, 
and 

c-the eccentricity of the conductor f7, that is, 
the distance between the axis of conductor f7 
and the axis of conductor 8. 

Since, at high frequencies the surge impedance 
L Z-Vé 

and the velocity of propagation, 
V-VLC 

the surge impedance can be determined. Taking 
suitable regard for the units, it is found that 

2 2 

(3)+(3)-c. 
(g) 2 

By mathematical transformation this can be ex 
pressed as follows: 

mfd per 
mile 

Z= 60 cosh 

...-ana-anam 

b 2 /2cY2 

Z=138 logo E+276 s". "V (2) O. 

in the transmission line of Fig. 3, the sections 
39 and 3 of different impedance value and the 
matching Section 32 have inner conductors of 
equal diameter and outer conductors of unequal 
diameter. In this figure, too, there is shown an 
other method of Supporting the inner conductor 

5 

O 

15 

20 

25 

30 

35 

40 

45 

5) 

55 

60 

not gas-filled. 

4. 
33 of the section 32 in a non-coaxial position. 
Conductor 33 is eccentrically mounted on bear 
ing rods 34 non-coaxially supported in inner con 
ductors 35 and 36. This particular construction 
is especially Suitable for use in a cable which is 

In Such a case, the eccentricity 
of conductor 33 may be adjusted by inserting a 
suitable tool through opening 37 in the outer con 
ductor 38 and rotating the conductor 33 on the 
bearings 34. The triadic insulator support shown 
in Fig. 2, of course, may be used in conjunction 
With matching section 32 as a means for more 
precisely determining and maintaining the proper 
eccentricity of conductor 33. 
In the modification shown in Fig. 4, the inner 

Conductors of the Sections 40 and 4 and the 
matching section 42 are rigidly connected to 
gether and precise impedance matching of section 
2 with sections 40 and 4 is obtained by mov 

ing the position of the tubular outer conductor 
63 with respect to the solid inner conductor 44. 
This construction is particularly desirable where 
the conductors of the respective sections are of 
different diameter. In such a case, the inner con 
ductors 44, 45, and 46 are rigidly connected to 
gether, as by brazing or welding. The tubular 
Outer conductor 43 is joined to outer conductors 
47 and 48 by means of the Sylphons or corru 
gated Sections 49 and 5). Movement of the outer 
Conductor of one Section relative to the Outer con 
ductors of the other sections is prevented by 
means of the supporting arrangement compris 
ing the plate member 5, the clamping rings 52 
and 53 and the triadic supporting means 54. The 
rings 52 and 53 may be welded to the plate 5 
and may be either brazed or welded to the outer 
Conductors AF and 48 or clamped thereto in any 
Well known manner. The triadic supporting 
means comprises the ring member 55 suitably se 
cured to plate 5 and the thumb-screw members 
56 threadedly engaging ring 55. By adjustment 
of the Screws 56 in a well known manner, the 
position of the outer conductor 43 with respect 
to the inner conductor 44 may be varied to ob 
tain precise impedance matching. 

It is readily apparent that the equation for 
Z0 given above for the arrangement of Fig. 1 ap 
plies equally well to the arrangement of Figs. 3 
and 4. 

It is thus seen that my invention provides an 
unbalanced impedance matching transformer in 
Which the Surge impedance of the transformer 
can be varied for matching purposes, the varia 
tion being accomplished by moving one of the 
conductors of the matching transformer to a 
non-coaxial position. In the transformers de 
Scribed above, continuous variation of the surge 
impedance of the matching section is provided 
Without disassembly of the transmission line. 
Moreover, the value of the required matching im 
pedance may be obtained with speed, with ease, 
and with precision. 
While I have shown particular embodiments 
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of my invention, it will of course be understood 
that I do not wish to be limited thereto since 
various modifications may be made, and I con 
template by the appended claims to cover any 
such modifications as fall within the true spirit 

75 and scope of my invention. 
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What I claim as new and desire to secure by 
Letters Patent of the United States, is: 

1. A transmission line section adapted for con 
nection between adjacent ends of two concentric 
transmission lines of unequal surge impedance 
to match the impedance of one of Said lines to 
that of the other, said transmission line section 
comprising an outer conductor adapted for con 
nection between the outer conductors of Said Con 
centric lines and an inner conductor adapted for 
connection between the inner conductors of Said 
concentric lines, means to move one of Said con 
ductors of Said section in a direction transverse 
to the other conductor while maintaining said 
one conductor Substantially parallel thereWith to 
vary the eccentricity of said section to match said 
impedances, and yielding electrical connections 
between said one conductor and the ConductO'S 
of said concentric lines to which it is connected 
to allow said movement by Said means in Said 
transverse direction. 

2. In a concentric transmission line system, the 
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Combination of a continuous and Substantially 
rigid inner conductor, a pair of tubular outer 
conductors coaxial with said inner conductor and 
forming thereWith two Sections of concentric 
transmission line having different characteristic 
impedances, said outer conductors having their 
adjacent ends spaced apart by a distance equal 
to a quarter wave length at the operating fre 
quency of Said System, a third tubular outer 
Conductor flexibly connected between said ends, 
Said third conductor having a length equal to a 
quarter wave length at said frequency and form 
ing With said inner conductor an impedance 
matching Section of transmission line connected 
between Said two sections, and means for moving 
Said third conductor in a direction transverse to 
Said inner conductor to vary the eccentricity of 
Said impedance matching section to match said 
impedances, said pair of outer conductors and 
Said third conductor having substantially uniform 
thickness throughout their lengths. 

LAURANCE M, LEEDS. 


