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This invention relates to high frequency Sig 
naling Systems and is particularly concerned with 
feeder systems for short wave transmitting 
aerials. s 

In short wave transmitting systems it is de 
sirable that the impedance of any piece of ap 
paratus should be matched to the impedance 
of any other piece of apparatus with which it is 
connected. In particular cases it may be neces 
sary, for example, to match the impedance of a 
feeder System with that of an aerial or of another 
feeder system, or again it may be desired to 
match and tune a transmitter to a feeder system. 

According to the present invention, in a meth 
od of matching the impedance of a line connected 
with apparatus having an impedance different 
from that of said line, the impedance of said line 
is matched with that of Said apparatuS by an 
impedance matching transformer constituted by 
a portion of said line having a selected imped 
ance. In a particular application of the inven 
tion, a short wave signaling system includes a 
coaxial feeder cable connected to apparatus hav 
jing an impedance. different from that of said 
feeder, and the impedance of the feeder is 
matched with that of said apparatus by an im 
pedance matching transformer constituted by a 
portion of said feeder. The apparatus connected 
to the feeder may, for example, be a transmitting 
aerial and the impedance matching portion of 
the feeder cable may be given electrical lengths 
such that impedance matching is effected over a 
range of frequencies. 
In order that the invention may be more clear 

ly understood and readily carried into effect, an 
impedance matching transformer constituted by 
a portion of a coaxial feeder cable, will now be 
described by way of example with reference to 
the drawing. 

Referring to the drawing, the feeder comprises 
an inner conductor arranged concentrically 
within an outer conductor 2 and has an imped 
ance Zo. An additional length of feeder 8 is 
inserted between the end of the feeder and the 
aerial to which it is connected. It can be shown 
mathematically that by Selecting the length of 
line 8 and the characteristic impedance it may 
transform a given impedance Z1 to a required 
pure resistance R. 
The length of line 9 and characteristic im 

pedance Zo may be determined from the following 
equations for a lossless line. 

-- 3r. 
R–Z cos 0-a sin 0)?--r? sino (1) 

(C. 178-44) 
2- a 2- Y2 

Z(za COS 20+2 - sin 2) 
X = (2) (Zocos 0-a sin 0)?-- r sin?0 

where R and X are the input series resistance and 
reactance at B when terminated with the aerial 
of resistance and reactance r" and ac at the 
point A. 

It is desired to make X=O and R, a given value. 
Since there are two equations, it is possible, in 
general, to find values of Zo and 0 which satisfy 
them. 

If in Equations (1) and (2) the condition is 
put that the reactance X should be zero, the 
following equations are obtained. 

2 2 
Z3 -R( 1- r(R-r) (3) 

and 
- -2a2 

tan 28 = Z3-2-2 (4) 
It will be seen that this permits of a complex 

impedance r-fac being matched to a chosen 
pure resistance at one frequency. 

It may be desired that the input resistance R. 
Should remain pure over a band of frequencies 
and it will be seen that this condition is satisfied 
for tWO frequencies at which the aerial react 
ances are ac and ac2 and the electrical lengths of 
the transforming line are 0 and 62, providing that 

tan 203 (26-5-a-Y. (5) 
tan 20, acVZi-r2-a2 Ja, 

In Equation (5), the approximation is true pro 
Viding either the magnitude of the aerial imped 
ance remains constant over the side band fre 
quencies, or if the variation is small compared 
to the characteristic impedance. 
The method of Working is to choose from Equa 

tion (3) Zo to give an assigned value of R, for 
example to match the feeder. We then find from 
(4) the required value of the length of line. 
In order for this to hold over a frequency 

range, Equation (5), must be satisfied through 
out the range. Should it be far out, the react 
ances may be modified at the aerial by a suit 
able circuit adjustment, or an alternative choice 
of R. 
In a particular case, an impedance of 24.2-i6.48 

has been transformed to 69.5-i-i.0 by a line of 
Zo-40 and 6-76. 

If in the example shown in Fig. 1 the feeder 
is connected to a tuned aerial, the length 0 will be 
equal to 4 of the Working wavelength, which is 
a Well known result. 
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It will be seen that the impedance matching is 

produced by Very simple and practical means, 
Since the line Constitutes itS OWn transformer 
and the use of Special tuning circuits, including 
lumped inductance and capacity, is avoided. 
When the arrangement is used in a system han 
dling a wide range of frequencies, the input re 
Sistance for a constant terminating impedance 
is passing through a stationary value and the 
variation is therefore slow. 
What is claimed is: 
1. A signaling System including a feeder con 

nected to an antenna having an impedance Z. 
composed of resistance r and reactance ac dif 
ferent from the impedance of said feeder where 
in the impedance of said feeder is matched to 
that of said antenna by an impedance matching 
transformer constituted by a portion of Said 
feeder having an impedance Zo the resistance 
component of which is equal to the resistance 
of Said feeder and having an electrical length 0 
such that 

whereby the impedance of said antenna and 
matching transformer is purely resistive at the 
operating frequency. 

2. A signaling System including a coaxial feed 
er cable connected to an antenna, having an in 
pedance Z1 composed of resistance r and re 
actance a different from the impedance of Said 
feeder wherein the impedance of said feeder is 
matched to that of said antenna by an imped 
ance matching transformer constituted by a 
portion of said feeder having an impedance Zo 
the resistance component of which is equal to 
the resistance of Said feeder and having an 
electrical length 0 such that 

tan 20=z-fairs 
Whereby the in pedance of Said antenna, and 
matching transformer is purely resistive at the 
operating frequency. 

3. A signaling System including a coaxial feeder 
cable connected to a transmitting antenna, hav 
ing an impedance Z1 composed of resistance r 
and rectance a different from the impedance of 
said feeder wherein the impedance of Said feeder 
is matched to that of Said antenna by an in 
pedance matching tranformer constituted by a 
portion of said feeder having an impedance Zo 
the resistance component of which is equal to the 
resistance of said feeder and having an electrical 
length 9 such that 

Whereby the impedance of Said antenna, and 
matching transformer is purely resistive at the 
operating frequency. 

4. A Signaling System for operation over a band 
of frequencies including a feeder connected to 
an antenna, having an impedance Z1 composed 
of a resistance r and a reactance 2 at one ex 
treme frequency of Said band and a resistance r2 
and a reactance ac2 at the other extreme frequency 
of Said band, Said in pedance differing from that 
of Said feeder wherein the impedance of said 
feeder is matched with that of Said antenna, by 
an impedance matching transformer constituted 
by a portion of Said feeder and having an im 
pedance Zo so dimensioned that the resistance 

2,207,690 
of said transformer is equal to resistance of Said 
feeder and having a length. Such that 

tan. 292 /26 2) 
tan 20 acVZ-r2-ac? 

where 0 and 02 are expressions of electrical length 
of said portion at said extreme frequencies where 
by the impedance of said antenna, and matching 
transformer is purely resistive over Said band , 
of frequencies. 

5. A signaling system for operation over a band 
of frequencies including a coaxial feeder cable 
connected to an antenna, having an impedance Z1 
composed of a resistance r and a reactance 3 at 
One extreme frequency of said band and a resis 
tance r2 and a reactance a2 at the other extreme 
frequency of said band, said impedance differing 
from that of Said feeder. Wherein the impedance 
of said feeder is matched with that of Said an 
tenna by an impedance matching transformer 
constituted by a portion of Said feeder and having 
an impedance Zo so dimensioned that the re 
sistance of said transformer is equal to resistance 
of said feeder and having a length. Such that 

tan 202. 2E) tan 20 acVZ2-r2-a2 
where 0 and 02 are expressions of electrical length 
of said portion at said extreme frequencies 
Whereby the impedance of said antenna, and 
matching transformer is purely resistive over 
Said band of frequencies. 

6. A signaling System for Operation over a band 
of frequencies including a coaxial feeder cable 
connected to a transformer having an impedance 
Z1 composed of a resistance r and a reactance a 
at one extreme frequency of said band and a re 
sistance r2 and a reactance ac2 at the other. ex 
treme frequency of said band, said impedance 
differing from that of Said feeder wherein the 
impedance of said feeder is matched with that of 
said antenna by an impedance matching trans 
former constituted by a portion of said feeder 
and having an impedance Zoso dimensioned that 
the resistance of said transformer is equal to re 
sistance of said feeder and having a length. Such 
that 

tan 26 c ZEE) tan 20, acVZ2-r2-a2 
Where 6 and 02 are expressions of electrical length 
Of Said portion at Said extreme frequencies 
Whereby the impedance of said antenna, and 
matching transformer is purely resistive over 
Said band of frequencies. 

7. A signaling System for operation over 
band of frequencies including a feeder connected 
to an antenna, having an impedance Z1 includ 
ing a reactive component having a value ac at one 
extreme frequency of Said band and a value ac2 
at the other extreme frequency of said band, the 
total impedance Z1 varying by only a small 
amount over said band, said impedance differing 
from that of said feeder wherein the impedance 
of said feeder is matched to that of said antenna, 
by an impedance matching transformer consti 
tuted by a portion of said feeder having an im 
pedance Zo the resistive component of which is 
equal to the resistance of said feeder and having 
a length such that 

tan. 26. 2. 
tan 26 a 

Where 6 and 02 are expressions of electrical length 
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whereby the impedance of said antenna and 
matching transformer is purely resistive over 
Said band of frequencies, 

8. A signaling system for Operation over a band 
of frequencies including a coaxial feeder cable 
connected to an antenna, having an impedance 
Z1 including a reactive component having a value 
ac at one extreme frequency of said band and a 
value ace at the other extreme frequency of said 
band, the total impedance Z1 remaining. Sub 
stantially constant over said band, said imped 
ance differing from that of Said feeder wherein 
the impedance of said feeder is matched to that 
of said antenna by an impedance matching trans 
former constituted by a portion of said feeder 
having an impedance Zo the resistive component 
of which is equal to the resistance of said feeder 
and having a length such that 

tan. 29.3 
tan 28, a 

where 0 and 02 are expressions of electrical length 
of said transformer at said extreme frequencies 
whereby the impedance of said antenna, and 
matching transformer is purely resistive over said 
band of frequencies. 

3 
9. A signaling system for operation over a band 

of frequencies including a coaxial feeder cable 
connected to a transmitting antenna, having an 
impedance. Z1 including a reactive component 
having a value ac at One extreme frequency of said 
band and a value ac2 at the other extreme fre 
quency of said band, the total impedance Z1 re 
maining substantially constant over said band, 
said impedance differing from that of said feeder 
wherein the impedance of Said feeder is matched 
to that of said antenna by an impedance match 
ing transformer constituted by a portion of said 
feeder having an impedance Zo the resistive com 
ponent of which is equal to the resistance of said 
feeder and having a length such that 

tan 20 = 
tan 20 

where 6 and 92 are expressions of electrical length 
of said transformer at said extreme frequencies 
whereby the impedance of Said antenna and 
matching transformer is purely resistive Over said 
band of frequencies. 

EDWARD CECIL CORK. 
JOSEPHILADE PAWSEY. 

10 

25 


