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Patented Oct. 25, 1949 2,485,606 

UNITED STATES PATENT OFFICE 

PROTECTIVE COUPLNG CIRCUIT 
Armig. G. Kandoian, New York, N. Y., assignor to 

Federal Telephone and Radio Corporation, New 
York, N.Y., a corporation of Delaware 
Application June 27, 1944, Serial No. 542,278 

(C. 250-13) Claims. 
1. 

My invention relates to improvements in pro 
tective circuits, and more particularly to arrange 
Inents for coupling both a transmitter and a re 
'ceiverto a common antenna. So as to prevent high 
stransmitter voltages from entering the receiver. 

In my co-pending application, Serial Number 
469,174 filed December 16, 1942, I have disclosed 
a protective circuit wherein a gap is bridged acroSS 
the midpoint of a half-wave impedance trans 
former in the receiver-transmission line. 
system is satisfactory for fairly wide frequency 
iband operation but does not provide a high 
resonant voltage stepup for the gaps. Although 
high resonant voltage stepup for the gaps is de 
sirable for long gap life and satisfactory receiver 
protection, in the usual resonant Sections the 
selectivity is very sharp and hence not satisfac 
tory for wide frequency band operation. 

It is accordingly an object of the present inven 
tion to provide means whereby the blocking of 
high transmitter voltages from a receiver con 
nected to a common antenna, is possible over a 
relatively wide frequency range. Another object 
ef the present invention is to provide high reso 
inant impedance points for the gaps, to insure 
maximum voltage stepup for protective discharge 
gaps over the desired frequency range. 
Another object of the present invention is to 

provide a protective circuit which is particularly 
adapted for use with transmitter-receiver Systems 
employing coaxial transmission lines. 
A further object of the present invention is to 

provide a protective circuit for transmitter-re 
ceiver systems which will cause little or no mis 
match in the line even at the limits of the operat 
ing frequency band. 
Other objects and advantages of the invention 

will be apparent from the following description of 
a preferred form of the invention and from the 
drawing, in which: 

Fig. 1 is a schematic diagram of a transmitter 
receiver system incorporating a preferred form of 
the present invention; and 

Fig.2 is a curve showing the degree of mismatch 
introduced into the receiver-transmission line of 
Fig. 1 over a predetermined band of frequencies. 
The main purpose of the preesnt invention is to 

permit the use of a common antenna by a trans 
mitter and receiver over a relatively Wide band of 
frequencies, while at the same time automatically 
preventing the high transmitter voltages from be 
ing impressed upon the receiver. Fig. i. illustrates 
a transmitter and a receiver 2 adapted to be con 
nected to a common antenna. 3. Transmitter is 
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receiver 2 is connected to a coaxial transmission 
line 5. Lines 4 and 5 are joined at point A, from 
which point a common coaxial transmission line 
8 leads to antenna, 3. 
Connected in the transmitter-transmission line 

4 is an impedance-matching line section 7 which 
also Serves to block received energy from trans 
mitter in a manner hereafter to be described. 
his line Section comprises a Section of coaxial 

line open at the far end where a spark gap T is 
placed. When the transmitter is on, the gap 
breaks down. So that section 7 offers little dis 
turbance to the flow of energy to the antenna. 
When however the antenna is used for reception, 
the received signal being Small does not break 
down the gap T'. The impedance across point B 
becomes Substantially Zero, thus preventing any 
of the received energy from going into the trans 
nitter. 
Cohnected in the receiver-transmission line 5 

is a blocking network 8, this network 8 consisting 
of two spaced-apart coaxial line sections 9 and 
:40. Inner conductors and 2 of line sections 
9 and fo are respectively connected to the inner 
conductor of receiver-transmission line 5 at points 
C and D, these connections preferably being ad 
justable So that the position of points C and D 
along inner conductors and 2 respectively 
may be varied. Likewise the junctions between 
line 5, and the outer conductors of lines 9-and 'O 
are preferably similarly adjustable, so that these 
sections 9 and O may be moved as a whole with 
respect to line 5. 

Inner conductors i? and 2 of coaxial line sec 
tions 9 and to each have one end thereof Con 
nected to the closed ends 3 and 4 of their re 
spective line sections. The other ends of the inner 
conductors if and 2 are each separated from the 
closed ends 5 and 6 of their respective line Sec 
tions by space discharge devices such as gapS 
fil and 8 respectively. 
The present invention is designed to be effec 

tive over a predetermined band of frequencies. 
The length of each of the coaxial line sections 
9 and 0 is accordingly made substantially equal 
to one-quarter wavelength at the mid-frequency 
of this band, and the spacingS A-B, A-C and 
C-D are also each made equal substantially to 
one-quarter Wavelength at this mid-frequency. 
As a result, When the transmitter is in opera 
tion energy transmitted on all frequencies be 
tween the limits of this predetermined band is 
substantially precluded from reaching the re 
ceiver 2. How this is brought about will now be 

connected to a coaxial transmission line 4, while 55 described. 
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Without the protective features of the present 
invention, energy from transmitter Would di 
vide at point A, a portion being radiated from 
antenna 3 and the remaining portion being con 
ducted by transmission line 5 to receiver 2 to re 
suit in damage to the receiver or other unde 
sirable effects. According to the present inven 
tion, however, this portion of the transmitter 
energy is substantially blocked from the receiv 
er 2 by the network 8. 

It is known that by moving the point of COn 
nection of an energy source from the closed end 
toward the open end of a stub line Section, the 
frequency response of the line Section may be 
broadened. That is, by connecting the source 
at or near the closed end, the section will be 
resonant at substantially only a single frequen 
cy. However, by moving the energy input con 
nection toward the open end, operation becomes 
less critical, and the Section may be made to 
resonate over a relatively wide band of frequen 
cies. 

For the purpose of illustration, let it be as 
sumed that the range over which the System of 
the present invention is designed to operate 
covers the band between 500 and 600 megacycles. 
It was stated above that the length of each of 
the line sections 9 and 0 is chosen to be substan 
tially one-quarter wavelength at the mid-fre 
quency of this band, or 550 megacycles. If the 
distance between points C and D and closed ends 
3 and 4 respectively of line sections 9 and O 
be designated as 61, and if the distance between 
points C and D and closed ends 5 and 6 respec 
tively of the line sections be designated as 02, 
then 

02=90-91 
and a decrease in the value of 62 will effect a 
broadening of the frequency band over which 
line sections 9 and G will be resonant. If 92 is 
now chosen so that line sections 9 and 0 as a 
unit Will be resonant over the band between 500 
and 600 megacycles, the energy from transmitter 
on any frequency within this band will cause 

a voltage transformation along line sections 9 
and 10, as is well-known in the art. In other 
words, the voltage at gaps f, and 8 will be much 
higher than at points C and D in receiver-trans 
mission line 5. 
The dimensions of gaps f, and 8 are so 

chosen that the voltage built up in the manner 
above described exceeds the breakdown voltage 
of the gaps. When breakdown occurs, an effec 
tive short circuit across receiver-transmission 
line 5 results, and this effective short circuit acts 
to block the transmitter voltages from receiver 
2. It should be noted that due to the one-quar 
ter wave spacing oetween points A and C, the 
effective short circuit at point C results in line 
5 presenting a relatively high, substantially in 
finite, impedance at point A. The blocking ac 
tion of network 3 will thus have no appreciable 
effect on the transmission of energy between 
transmitter and antenna, 3. 
The reactance presented by line section 9 at 

point C is generally primarily inductive. Since 
point D is a one-quarter wavelength from point 
C, the reactance presented by line section f O is 
primarily capacitive. Therefore line sections 9 
and 0 together act like a parallel coil-condenser 
circuit of high Q. 
An alternative mode of operation in the ex 

ample given is to adjust 62 so that line section 9 
will resonate more or less sharply at 500 mega 
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4 
cycles, and so that line section to will resonate 
more or less sharply at 600 megacycles. Energy 
from transmitter on a 500 megacycle frequen 
cy will then break down gap 7, while the voltage 
transformation of non-resonant line section to 
is insufficient to break down gap 8. At 600 
megacycles, gap 8 only would break down. By 
selecting proper values of 82, and choosing prop 
er dimensions for gaps 7 and 8, energy On an 
intermediate frequency within the band may be 
made to break down either or both gaps 7 and 
8 according to its departure from the mid-fre 
quency of the band. 

It is common in connection with a transmitter 
and receiver connected to the same antenna, to 
block the operation of the receiver during the 
operation of the transmitter. In Fig. 1 is shown 
a blocking circuit 9 that may be used for this 
purpose if desired. 

In the above description I have illustrated 
how the transmitter voltages are blocked from 
receiver 2. However, the system of the present 
invention is also effective in permitting energy 
received by antenna, 3 to be conducted to receiver 
2 with a minimum of attenuation when the 
transmitter is not operating. 
Under receiving conditions, energy picked up by 

antenna, 3 is conducted by transmission line 6 to 
point A, where it would normally divide to flow 
over both transmission lines 4 and 5. However, 
due to the action of line section 7, an effective 
partial short circuit is produced in transmission 
line 4 at point B, a quarter-wavelength from point 
A. The partially short-circuited line Section be 
tween A and B accordingly presents a relatively 
high impedance to energy incoming over line 6, 
blocking in part the flow of energy to transmitter 
f. Accordingly most of the received energy is 
applied to receiver 2. 
The energy received by antenna, 3 passing 

through network 8 is of a value much lower than 
the value of the energy from transmitter f. Con 
Sequently, the breakdown voltage of gaps 7 and 
f8 is not reached, no blocking occurs, and the re 
ceived energy is conducted without appreciable 
loss to receiver 2. 

Fig. 2 illustrates the relatively low degree of 
mismatch that is introduced in transmission line 
5 by the action of blocking network 8, the curve 
covering the band between 500 and 600 mega 
cycles which has been used above as an illustra 
tion. It Will be observed that the line is sub 
stantially flat between 530 and 580 megacycles, 
and that even at the limits of the frequency band 
the standing Wave ratio does not exceed approxi 
mately 2 to 1. 
For best results, the Surge impedance of the 

line Sections 9 and 0 should be greater than 
the Surge impedance of the transmission lines. 
For example, if a standard 50 ohm transmission 
line is employed, the line sections 9 and O may 
have an impedance in the order of 150 ohms. 
While the Space discharge devices 7 and 8 

have been illustrated, by way of example, as spark 
gaps, it will be elear to those skilled in this art 
that any other space discharge devices such as 
neon tubes may be employed in place thereof. 
Also, while the invention has been described in 
connection with coaxial lines, it will be clearly 
understood that other types of transmission lines 
Such as open wire lines may be employed if 
desired. 
Moreover, while the receiver and transmitter, 

are shown coupled to a common antenna, it is 
clear that they may be coupled to some other 
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form of utilization circuit such as a common 
carrier transmission line, without departure from 
the scope of my invention. 
While I have described above the principles of 

my invention in connection with a specific System, 
it will be clearly understood that this description 
is made only by way of example and not as a 
limitation on the scope of my invention as set 
forth in the objects and the accompanying claims. 
I claim: 
1. In combination, a transmitter, a receiver, a 

Common utilization circuit for said transmitter 
and receiver, a first transmission line leading from 
Said transmitter to said utilization circuit, a sec 
ond transmission line interconnecting said re 
ceiver and said first transmission line, and a pro 
tective network in said second transmission line, 
Comprising a pair of Spaced-apart resonant stub 
lines Open-circuited at one end and short-cir 
cuited at the other coupled to said second line at a 
point intermediate their ends, and means forming 
a Space discharge device between the conductors 
Of each of Said Stub lines at the respective open 
circuited ends thereof. 

2. A combination according to claim 1, wherein 
One of Said resonant stub lines is spaced from the 
junction of said second transmission line and 
said utilization circuit substantially a quarter 
Wavelength at the operating mid-frequency of the 
System. 

3. In a system of the type in which a receiver 
and a transmitter operating over a relatively wide 
band of frequencies are both coupled to a com 
mon antenna, Said transmitter and receiver being 
connected to Said antenna, by a first transmission 
line and a second transmission line respectively, 
the combination of a protective network in said 
Second transmission line to substantially block 
high transmitter voltages from said receiver, com 
prising a pair of Spaced-apart resonant line sec 
tions open-circuited at one end and short-cir 
cuited at the other, the sharpness of the resonance 
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CurWe Of each Section depending on the distance 
between the open-circuited end of the section 
and the point of Connections between the section 
and Said Second transmission line, and means 
comprising a Space discharge device between the 
Open-circuited ends of the conductors of each of 
the Sections. 

4. A system according to claim 3, in which 
Said two line Sections are each resonant at the 
mid-frequency of the Said Operating band. 

5. A System according to claim 3, in which said 
tWO line Sections are resonant at the respective 
frequency limits of the said Operating band. 

6. A System according to claim 3, in which said 
tWO line Sections are Spaced apart along Said 
Second transmission line a distance equal to ap 
proximately one-quarter wavelength at the mid 
frequency of the operating band. 

7. A System according to claim 3, in which one 
of Said two line Sections is Spaced approximately 
one-quarter wavelength at the mid-frequency of 
the operating band along Said second transmis 
Sion line from the junction between Said first and 
Second transmission lines, and the other of said 
two line Sections is spaced approximately one 
quarter Wavelength at the mid-frequency of the 
operating band along said second transmission 
line from Said one line Section. 

ARMIG. G. KANDOLAN. 
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