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TRANSIAFTER-RECEIVER, SWTCHENG 
SYSTEM 

Salimes E. Keister, Scotia, N. Y., assignor to Gen 
era Electric Company, a corporation of New 
York 

Ageplication (October 24, 1942, Serial No. 463,3 
(C. 250-3) 3 Cairns. 

My invention relates to transmission lines of 
the type employed in transmitting high fre 
quency energy and in particular to the use of 
Such lines as impedance transformers. 

It is an object of my invention to provide an 
improved means for transforming the value of an 
impedance connected across such a high fre 
quency transmission line to a different desired 
Value. 
My invention relates further to high frequency 

transmission Systems and it has for one of its ob 
jects to provide improved means for protecting 
the receiver of Such systems from high voltages to 
Which the line, over Which the received oscilla 
tions are transmitted, may be subjected. 
More particularly, my invention relates to 

transmission Systems in which both a transmitter 
and a receiver are connected to a common line 
Which may lead, for example, to an antenna, by 
which desired OScillations are radiated and re 
Ceived, and it has for one of its objects to pro 
vide an improved means to protect such a re 
ceiver from the intense oscillations produced by 
the aSSociated transmitter. 
Another object of my invention is to provide 

Such means particularly adapted for use at short 
WaVelengths. 
The features of my invention which I believe 

to be novel are set forth with particularity in the 
appended claims. My invention itself, however, 
together With further objects and advantages 
thereof, may best be understood by reference to 
the following description taken in connection with 
the accompanying drawing, in which Fig. 1 shows 
diagrammatically my transmission line imped 
ance transformer; Fig. 2 is a modification of the 
transformer of Fig. 1; and Fig. 3 shows diagram 
matically a transmission system embodying the 
in pedance transformer of Fig. 1. 
The impedance transformer shown in Fig. 1 

comprises a Specially constructed transmission 
line shown as a concentric line having a tubular 
Outer conductor and an inner conductor 2 co 
axial thereWith. A load impedance 3, which 
in pedance it is desired either to transform or in 
Vert to a desired value, may be connected at the 
end of the line between conductors and 2. 
The inner conductor 2 consists of a series of 
sections of different diameters, alternate sections 
being of the same diameter. Thus, the sections 
E 4 are of a particular diameter, while the sections 
f5 have a smaller diameter. Each of the sections 
4 and 5 has a length equal to a quarter of a 
Wave length at the desired operating frequency 
of the line. In this manner, the transmission line 
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2 
is consists of a series of transformer Sections 
connected in tandem and each having a length 
equal to a quarter of a wave length at the oper 
ating frequency and of alternating low and high 
characteristic impedances. 

If the odd numbered sections 4, counting from 
the load 3, are made identical and the even 
numbered sections 5 are likewise inade identical, 
each odd numbered Section has the same chair 
acteristic impedance between its outer and inner 
conductors, which may be represented by ZA, and 
each even numbered Section has an impedance 
ZB. If the load impedance 3 is represented by 
ZL, the input impedance at the point , accord 
ing to Well-known transmission line theory, is 

-4 
TZ 

and the impedance at the point 2 is 
Z2 2 

=7-75Z, al 

The input impedance for an n number of sections 
is, therefore, where n is an even integer 

Z, -ZZL 
This represents a degree of transformation of 
the impedance ZL which is dependent upon the 
characteristic impedance of the individual sec 
tions and the number of Such sections. 
When n is an odd integer, the input impedance 

is 
Zp-1) 

Z, -ZfAZ, 
This represents an impedance inversion so that 
the input impedance, when ZB is greater than ZA, 
is considerably less than the load impedance. 
As an example of the manner in which the in 

put impedance transformer of Fig. 1 is able to 
effect a substantial increase or decrease of load 
impedance ZL, the following practical values are 
given. If the inside diameter of the outer con 
ductor i? is 1 inch and the outer diameter of 
the Section 4 is .715 inch, the value of ZA is ap 
proximately 20 ohms. Also, if the Outer diameter 
of the section 5 is .189 inch, the value of ZB is 
approximately 100 ohms. A four section line, 
Constructed in accordance With these measure 
ments, gives an impedance transformation of 
625. Also, if the load impedance 3 represents 
a transmission line having a characteristic in 
pedance of 70 ohms, three sections of the line 
0 invert this load impedance to give an input 

impedance Z3 which is only .229 ohm. 



3 
The operation of the impedance transformer 

shown in Fig. 1 depends upon comparatively ac 
curate lengths for each section 4 and 5, small 
deviations from the exact length being effective 
to introduce undesired reactive components of 
impedance. However, it is found that it is pos 
sible to compensate for the reactive components 
introduced by small errors in the lengths of the 
quarter Wave sections by making one section ad 
justable in length. A transformer embodying this 
feature is illustrated diagrammatically in Fig. 2. 
In FigS. 1 and 2, corresponding reference nu 
merals have been placed on corresponding ele 
ments to facilitate their comparison. In the 
transformer of Fig. 2, corresponding sections 2 
and 22 of the outer and inner conductors and 
2 are adjustable in length. While such adjust 
ment may be achieved in any suitable manner, 
in the method shown in Fig. 2, the section 2 
has a flared portion 23 which surrounds the end of 
the outer conductor and the section 22 has a 
sleeve portion 24 which telescopes the conductor 
25 connected to the section 4 of inner conductor 
f2. The adjustable Section, of course, may be 
inserted at any suitable point in the transformer 
and may be an intermediate section, rather than 
the end Section as shown. Conductor 2S is pro 
vided for connecting Section 22 to a Source of in 
put voltage and With conductor 2 forms a con 
necting line whose impedance is different from 
that of the transformer section 2, 22 and pref 
erably matches the impedance of apparatus to 
which it is connected. 
A transformer, such as is shown in Fig. 1 and 

in the right-hand portion of Fig. 2, may be eas 
ily constructed by inserting the inner conductor 
2 in a lathe and reducing the diameter of the 

sections 5 by cutting the desired amount of 
material from these sections. The adjustable sec 
tions 2 and 22 make it possible to compensate 
easily for any errors which may arise from slight 
differences in the lengths of the Sections in Con 
ductor 2. Simply by sliding the portions 23 and 
24 on the conductors and 25, accurate adjust 
ment may be made to Compensate for any reac 
tive component of transformation. 

In Fig. 3, I have shown a transmission system 
embodying the impedance transformer of Fig. 1. 
The transmitting apparatus 38 and the receiv 
ing apparatus 3 are connected to a main trans 
mission line 32. Transmission line 32, in turn, 
is connected by means of transmission line 33 
to a single directive antenna, 34. The transmit 
ter 39 may be of the type which, at predeter 
mined intervals, supplies a pulse of high inten 
sity oscillation over the transmission lines 32 
and 33 to the antenna, and then is inoperative 
while this signal travels through-Space to a re 
flecting object and returns to the System to be 
picked up by the antenna, 36 and detected in 
the receiving apparatus 3:. As may be readily 
understood, the reflected signal is... much weaker 
than that supplied by the transmitting apparatus 
to the antenna. Since both the transmitting and 
the receiving apparatus are connected to the 
transmission line 32, the receiving apparatus may 
be adversely affected by the strong signal of the 
transmitter unless means is provided for prevent 
ing the transmitted signal from reaching the 
receiving apparatus directly over transmission 
line 32 during the transmitting period. 

In accordance with my invention, a branch 
transmission line 35 is connected to the trans 
mission line 32 at a point 36 lying between the 
point of connection 37 between lines 32 and 33 
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and the receiving apparatus 31. Moreover, the 
distance between the points 36 and 37 is made 
equal to an odd multiple of an electrical quarter 
wave length of the radiated Oscillations of the 
pulses transmitted over the transmitter 39. In 
using the term "odd' multiple, I mean to include 
the multiple one. Because of the spacing of the 
junctions 36 and 37, a short-circuit across line 
32 at point 36, by reason of the impedance in 
version effect of the line 32, well known in trans 
mission line theory, appears as a very high in 
pedance across the line at point 37 and prevents 
transmission of signals to the receiver. 
As one means for short-circulating the trans 

mission line 32 at point 36 during a transmit 
- ting period, the branch transmission line 35 con 
prising an impedance transformer of the type 
shown in Fig. 1 is provided and is terminated at 
its end remote from the point 36 by means of 
a non-linear impedance device 38. The inner 
conductor of the branch line 35 consists of the 
alternate sections 39 and 40 connected in tan 
dem and having high and low characteristic in 
pedances respectively. For purposes of illustra 
tion the device 38 has been shown as an elec 
tron discharge device of the diode type having 
its anode 4 connected directly to the inner con 
ductor of line 35 and its cathode 42 connected 
through any suitable biasing means, such as the 
battery 43, to the end of the outer conductor of . 
line 35, and thence through apparatus connected 
to the line 32 to the inner conductor and to the 
anode, capacitor 44 being provided to bypass 
alternating currents from battery 43. 
The bias is selected so that in the presence 

of received signals on the transmission line 32, 
device 38 is non-conducting and has a very high 
impedance. In the presence of the intense sig 
nais from the transmitter on the lines 32 and 
35, however, the device 38 becomes conducting 
and its resistance is reduced to a very small value. 
The line 35, moreover, is constructed to reduce 
this small resistance So that it appears as a 
virtual short-circuit across the line 32 at the 
point 36. For example, the line 35 may act as 
an impedance transformer and in accordance 
with the principles explained above may easily 
be constructed so that the resistance across the 
device - 38 is decreased a thousandfold. Under 
such conditions the impedance of the device 38 
at conduction, which, though of a small value, 
is of a definite size, is decreased by the use of 
the impedance transforming line 35. When the 
device 38 is non-conducting, such as during a 
period when received signals are being supplied 
to the apparatus 3, the impedance of the de 
vice 38 is very high, for example about 1 neg 

If this is reduced a thousand times by 
the line 35, the impedance of the line 35 appears 
to be of the order of approximately 1000 ohms 
at its point of connection with the line 32. Trans 
mission lines 32 and 33 are preferably of the 
type customarily used With this type of appara 
tus and have a surge impedance of approximate 
ly 70 ohms. Hence, having an apparent imped 
ance value of 1000 ohms, line 35, during a receiv 
ing period, has a negligible effect on the signals 
On line 32. - 

It is thus seen that my invention provides a 
protective device for a transmitting System of the 
type employing both a transmitter and a receiver 
connected, by means of a transmission line, to 
a single antenna, which Substantially short-cir 
cuits the receiving apparatus during the trans 
mitting period and has negligible effect on the 
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receiving apparatus during the receiving period. 
The device moreover has a low cost, is easily con 
structed from available materials, and is simple 
and reliable in operation. 
In the construction of the protective System 

of Fig. 3, an insulator 45 is provided at the end 
Of the outer conductor of line 35 in order that 
connection may be made between the anode of 
device 38 and section 39 of the inner conductor 
and the Connections between the anode and 
cathode of device 38 and the line 35 are made as 
short as possible. Also, the adjustable impedance 
transformer shown in Fig. 2 may be employed in 
the protective device of Fig. 3. 
While I have shown particular embodiments 

of niny 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 
and scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. In combination, a transmission line, receiv 

ing apparatus connected thereto to receive Oscil 
lations Over said line, a transmitter connected to 
Said line to supply oscillations thereoVer, an im 
pedance means connected across said line at a 
point between said transmitter and receiver, an 
output terminal connected to said line between 
said point and said transmitter, the impedance 
of said means being low during the high Voltages 
produced by said transmitter and high during 
the absence of said high voltages, said means 
comprising a branch transmission line having a 
length equal to a multiple of a quarter wave 
length of said oscillations and having a plurality 
of quarter wave length sections of alternately 
high and low impedance, and a non-linear in 
pedance element connected across said branch 
line at its end remote from said point, the dis 
tance between said end and said terminal being 
equal to an odd number of quarter wave lengths 
at the frequency of said OScillations. 

2. In combination, a transmission line, receiv 
ing apparatus connected thereto to receive oscil 
lations over said line, a transmitter connected 
to said line to supply oscillations thereOWer, an 
impedance means connected across said line at 
a point between said transmitter and receiver, 
an antenna connected to said line at a point be 
tween said first point and said transmitter, the 
impedance of said means being low during the 
high voltages produced by said transmitter and 
high during the absence of said high voltages, 
said means comprising a branch transmission 
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6 
line having a length equal to a multiple of a 
quarter wave length of said ocsillations and hav 
ing a plurality of quarter wave length sections of 
alternately high and low impedance, a diode Con 
nected across said branch line at its end remote 
from said first point, and means biasing Said diode 
to cutoff during the absence of said high Wolt 
ages, said end being Spaced from said first point 
by a distance equal to an even number of quarter 
wave lengths at the frequency of said oscillations 
and said second point being Spaced from Said 
first point by a distance equal to an odd number 
of quarter wave lengths at the frequency of Said 
Oscillations. 

3. In combination, a transmission line, a Source 
of Oscillations and receiving apparatuS connected 
to said line at spaced points thereof, said appara 
tus being adversely affected by high Voltages, 
an output circuit connected to said line at a 
point between said source and Said apparatus, 
and means for protecting said apparatus from 
high voltages comprising, a branch transmission 
line connected to said first line intermediate Said 
receiving apparatus and the point of connection. 
with said output circuit and having a length 
equal to a multiple of a quarter wave length of 
said oscillations and having a plurality of quarter 
wave sections of alternately high and low in 
pedance, and a non-linear impedance element 
connected across said branch line at its end re 
mote from said transmission line, and means 
rendering the impedance of said element low 
in the presence of said high voltages and high 
during the absence of said high voltages, said 
branch line having a length equal to an even 
number of quarter wave lengths at the fre 
quency of said oscillations and the distance be 
tween points of connection of said Output cir 
cuit and said branch line with Said first line 
being equal to an odd number of quarter Wave 
lengths at the frequency of Said oscillations. 
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