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This invention relates to radio frequency power 
networks wherein two independent sources, which 
must be electrically isolated from one another, 
are required to supply energy simultaneously to 
a common load device. Networks of the de 
scribed type find application, for example, in tele 
vision broadcast systems, wherein it is desired to 
transmit a picture signal and an accompanying 
sound signal from a single antenna. In order to 
prevent interchange of power between the sound 
and picture transmitters, it has been the practice 
to employ filters. Such filters require careful de 
sign, will operate only with sound and picture 
carrier frequencies for which they are designed, 
introduce a certain amount of loss, and introduce 
reactances in the system which make it difficult 
to design the overall system for efficient broad 
band operation which is necessary for high de 
finition television. 

It is the principal object of the present in 
vention to provide a radio frequency network 
which will substantially isolate two Sources from 
each other, while enabling them to supply a com 
mon load simultaneously. 
Another object is to provide a system of the 

described type which does not rely upon filters 
or equivalent means for the function of isolation, 
and thus introduces a miningrin of undesirable 
reactance in the System. 
Another object is to provide an isolation net 

work coupling a single antenna System to a trans 
mitter and a receiver for operation independently 
of one another. 
A further object of this invention is to provide 

an isolation network which is readily adaptable 
to the requirements of combined sound and tele 
vision broadcasting. 

Still another object is to provide a network of 
the described type which is conveniently appli 
cable to antennas of the type including two sepa 
rately excited groups of radiators, such as the 
turnstile. 
The invention will be described with reference 

to the accompanying drawings, of which Figure 1 
is a schematic diagram of an isolation network 
according to the invention, 

Figure 2 is a schematic diagram of a sound and 
television broadcast antenna system embodying 
an isolation network in accordance with the in 
vention. 
The principle of the present invention is illus 

trated by Figure 1. A pair of identical loads, re 
presented by equal resistors 5 and 53, are to be 
energized simultaneously and independently from 
sources 55 and 57. The lower end of each of the 

8 Claims. (Cl. 250-33) 

a second coaxial line section 6 A. 

() 

2 
resistors 5i and 53 is groundéd. The upper end 
of the resistor 5 is connected to one side of 
the Source 57 through a coaxial line section 59. 
The upper end of the other resistor 53 is con 
nected to the other side of the source 57 through 

The line sec 
tions 59 and 6? are equal in length. The source 
57 is electrically symmetrical or balanced with 
respect to ground, that is when one terminal is 
positive with respect to ground potential, the 
other terminal is negative by the same amount 
with respect to ground potential. The source 55 
is unbalanced to ground, with its lower ter 
minal grounded. The upper end of the source 55 
is connected through line sections 63 and 65 re. 

... spectively to the upper ends of the resistors 51 
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and 53. The line. Sections 63 and 65 are equal in 
length. - - - . 

The operation of the system of Figure 1 is as 
follows: The terminal voltage of the source 5T is 
applied to the loads 5 f and 53 in series through 
the line sections 59 and 61. The potentials at 
the upper ends of the resistors 5 and 53 are equal 
and Opposite to each other, referred to ground 
potential. Thus the potential at the junction 
point of the lines 63 and 65, at the upper end 
of the source 55, is zero, referred to ground and 
no voltage is produced across the source 55 by 
the Source 57. At the same time, the source 55 
supplies the loads 51, 53 in parallel with each 
other through the lines 63, 65. The potentials 
produced at the upper ends of the loads 5i and 
53 by the source 55 are equal. Therefore, no 
voltage is produced across the source 57 by the 
Source 55. Thus it is apparent that each of the 
loads 5 and 53 is supplied by both sources 55 
and 57 without any interaction between the two 
sources. The source 57 feeds the loads 5 and 
53 asymmetrically with respect to ground, while 
the source 55 feeds the loads symmetrically with 
respect to ground. . . . . . . . . . 

Figure 2 shows the application of the system of 
Figure 1 to a sound and television broadcast an 
tenna system. The antenna in this instance is 
illustrated as a single layer turnstile, comprising 
four orthogonally disposed horizontal radiator 
elements N, E, S and W. The two pairs N-S and 
E-W are excited as doublets, in quadrature phase 
relationship to each other, in order to provide. 
horizontally polarized radiation with a field in-, 
tensity which is substantially uniform in all di 
rections throughout the horizontal plane of the 
radiators. Each doublet is balanced to ground, 
with current flowing into one element (e.g. the 
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radiator N) while an equal current flows out of 
the other radiator (S). 
The radiators N, S, E and W are provided with 

Separate coaxial feed lines , 3, 5 and T respec 
tively. The lines 5 and 7 are made one-quarter 
wavelength longer than the lines f and 3 in order 
to provide the required quadrature relationship 
in excitation of the dipoles N-S and E-W. Ac 
tually the two lines i and 3 are the conductors 
of a balanced line to the dipole N-S, and the lines. 
5 and 7 constitute a balanced line to the dipole. 
E-W. 

Line balance convertors 
The dipole N-S is connected through the lines 
and 3 to the balanced terminals of a line bal 

ance convertor 9. The convertor 9 is of the type 
described in copending U. S. application Ser. No. 
568,844, filed lecember 19, 1944 by G. H. Brown 
and, O.M. Woodward, Jr., now U.S. Patent No. 
2,473,328 issued June 14, 1949, and entitled Line 
line sections fi and 3 disposed in parallel rela 
tionship, with each other and a cylindrical con 
ductor 5, similar to the outer conductors of the 
line sections and 13. The outer conductors of 
the line sections f l and 3 are connected to each, 
other and to the conductor 15 by a conductive. 
plate li, which acts also as the bottom closure. 
of a shield 9 surrounding the balance con 
vertor. 

line sections fi and 3, which are connected to 
gether at their lower ends at the point 21. The: 

35 
is approximately one-quarter wavelength long. 
sections it and 3 are approximately one-half 
wavelength long over all, and the conductor. 5 

The upper end of the shield 3 is closed by a plate 
23 into which the feed lines i and 3 extend. 
The outer conductors of the lines and 3 are 

grounded to the shield plate 23. The inner con 
ductor of the line is connected to the end of the: 
cylindrical conductor 5, and the inner conductor, 
of the lines is connected to the end of the outer 
conductor of the line section it. The inner con: 
ductor of the line section f is connected at 25 
to the outer conductor of the line section 3, and 
the inner conductor of the line section f3 is con 
nected to the end of the conductor 5. 
The radiators E and Ware connected through 

the lines and 1 to a line balance convertor 9, 
identical with the convertor 9. The half-wave 
lines and 3 of the convertor 9 are connected 
together at the junction point 21, which corre 
sponds to the point 2 of the N-S circuit. 
The points 2 and 2' are Supplied with radio 

frequency power through a network described 
hereinafter. For the present, it is sufficient to 
say that points 2 and 2 are unbalanced to 
ground, i. e. the outer conductors are at ground 
potential and the radio frequency input voltage 
is applied between the inner conductor and 
ground. Since the operation of the E-W balance 
convertor circuit is identical With that of the N-S' 
circuit, only the latter will be described. 

Balance CO72ndertor Operation 
The voltage applied, to the point, 2 reaches 

the upper ends of the line Sections in phaSeber 
cause the two sections are of equal lengths. The 

nected together at the plate 7, cooperate to act 
as a quarter wave short-circuited parallel line, 
presenting a high impedance at the upper ends 

r. The plate 7 is approximately one-, 
quarter wavelength from the upper ends of the: 
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balance convertors, and comprises two coaxial. 
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a 0 
upper. quarter wavelength portions of the outer 
conductors of the sections and 3, being Conr. 

5 as are the points 24 and 25. 

- - 4. 

24 and 25. Each of the outer conductors of line 
sections and 3 cooperates similarly with the 
conductor 5, So that the upper end 26 of the 
conductor 5 is effectively isolated from ground, 

Since the voltages 
across the upper ends of the sections and 3 
are in phase, the voltages, referred to ground 
potential, of the outer conductor of the line 
at the point 24 is 180° out of phase with that of 

... the inner conductor of the line 3 at the point 25. 
The ines 3 and are thus excited in opposite 
phases. The flow of current at a given instant 
may be traced up through the inner conductors 
of lines if and 13, the current on the inner con 
ductor of line flowing back down the inside 
of the outer conductor of line 3 and that on the 
inner conductor of line 3 fiOWing up the line 
to the radiator N. Current flowing down the line 
3 from the radiator S goes down the inside of the: 
outer conductor of the line ff. 

Convertor circuit. reactance compensation. 
The quarter Wave end portions of line sections: 
and 3, and the conductor. 5, present Zero re 

actance and substantially infinite inp&dance at, 
the frequency at which the lengths are exactly 
one-quarter wavelength. At other frequencies, 
the impedance is lower and there is reactance, 
of a value and sign depending upon the deviation 
from the resonant frequency. The reactance 
versus frequency characteristic of the elements 
f , 3 and 5 is similar to and produces the same 
effects as a short-circuited quarter wave stub line. 
connected across the upper end of each of the line. 
sections i and 3. These reactances are com 
pensated, throughout a very wide frequency band, 
by the method described and claimed in copend 
ing U. S. Patent application Ser. No. 551,247, filed 
August 25, 1944 by G. H. Brown, now U. S. Patent 
No. 2,419,985, issued May 6, 1947, and entitled 
Reactance compensation, 
The lines. and 3 are assumed to be matched. 

in impedance to the radiatorSN and S. Denoting. 
the impedance level as Z0, the characteristic im 
pedances of the lines and 3 are Z0 and the im 
pedances presented to the upper ends of the line 
sections if and 3 are also Zo. By making the 
surge impedances of the lines. it and 3 SOme 
what higher than Zo, in accordance with the rela 
tionship between the impedance level Z0 and the 
characteristic impedance of the equivalient shunt 
reactance element representing the character 
istic of the convertor. 9, the reactance may be 
balanced by shunting the lowers ends of the line. 
sections: and 3 with a similar reactance. In 
accordance with the teachings of Said U. S. appli 
cation. Ser. No. 551,247, the quantity. 

3e 

should lie between 90 and 100 percent of 
ZY 1+Via(7) 

Z. 
22. 

wherein. Zsis the surge impedance of the equiva 
lent short-circuited stub shunted across the 
upper end of each of the line Sections if and i3, 
and Zic is the surge, impedance of each of the 
line sections. and 3. The balancing reactance. 
of the lower ends of line sections and 3 is 
provided by the elements of the isolation circuit. 
described below. The reactance cancellation, 

75 works both ways, i. e. the reactances of the isola 
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tion circuit are balanced by the convertor react 
ance, and vice versa. It will be apparent to those 
skilled in the art that the spacings of the Sec 
tions and 3 and the conductor 5 within the 
convertor 9 must be made such that the resulting 
shunt reactances are identical with the react 
ances presented by the isolation circuit. 

Isolation network 

The feed points 2 and 2 of the N-S and 
E-W circuits respectively are connected through 
coaxial lines 27 and 27 to a junction point 29. 
Also connected to the point 29 is a coaxial line 
3 which runs to a television picture transmitter, 
not shown. The lines 27 and 27' are each Sub 
stantially one-quarter wavelength, or an odd in 
tegral number of quarter wavelengths long, and 
are of characteristic impedance Zo. They should 
be equal in length, or differ in length by an in 
tegral number of wavelengths. The feed points 
2 and 24' are also connected through lines 33 
and 33' to the balanced output terminals of a line 
balance convertor 35. The lines 33 and 33' are 
each one-half wavelength, or an integral num 
ber of half wavelengths long. 
The line balance convertor 35 includes an un 

balanced input line 3 which extends to a Sound 
transmitter, not shown. This line, as Well as 
the line 3 to the picture transmitter, may be 
of any required length. Both of the lines 3 
and 37 are of Zo characteristic impedance. The 
terminal quarter wavelength section of the line 
33 is surrounded by a cylindrical conductor 39, 
closed at its end by disc 4 through which the 
line 33 extends. The outer conductor of the 
line 33 is connected to the disc 4. The connec 
tions of the sound and picture transmitters to 
the network may be interchanged without Sub 
stantially affecting the operation of the System. 
The inner conductor of the line 33 is connected 
to that of the line 33. The inner conductor 
of the line 37 is connected to the outer conductor 
of the line 33. The outer conductors of the 
lines 33 and 33, and 37 are connected to the 
sleeve 39. 
The outer conductor of the line 33 cooperates 

with the sleeve 39 as a quarter wave coaxial line, 
short-circuited by the disc 4, and presents a 
high impedance at the end of the line 33, effec 
tively isolating the end of the outer conductor 
from ground. Current flowing up on the inner 
conductor of the line 3 goes along the Outer 
conductor of the line 33 to the disc 4, inducing 
an equal and opposite current in the inner con 
ductor of the line 33. This current flows down 
the inner conductor of the line 33 and up the 
inner conductor of the line 33'. Thus the points 
2 and 2' are fed 180° out of phase with each 
other from the input line 3. The lines 33 and 
33' are in series with each other across the line 

. - 

Operation of isolation network 
The impedances looking into each of the lines 
and 3 and f' and 3' from the points 2 and 

2' are Zo. Therefore, the impedances looking 
from the points 2 and 2' toward the convertors 
9 and 9 are Z0/2, since the lines and 3 are 
in parallel. Owing to the impedance inverting 
characteristics of quarter wave lines, the im 
pedances are transformed to 

(Line Z)-2'- Input Z-liiaz-2 -2-22, 
2 

looking into the lines 27 and 27 from the junc 
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tion 29 Since the Fines 27 and 27' are connected 
in parallel to this point, the impedance there 
is Zo, and is matched by the picture input line 
3. 
The half wave lines 33 and 33' present the 

same impedances Z0/2 at their input ends at the 
convertor 35 as they look into at the points 2 
and 2?. The input ends are connected in series 
in the convertor 35, presenting a total impedance 
Zo/2--Zo/2 or Zo to the Sound input line 3. 
As stated above the reactances of the con 

vertors 9 and 9' are balanced by those presented 
to the points 2 and 2' by the isolation circuit. 
The latter reactances are principally comprised 
of the reactance presented at the pointS 2 and 
2 ” by the half wave lines 33 and 33. 
The input from the picture input line 3 

reaches the points 2 and 2' in phase because 
the lines 27 and 27' are of equal lengths. The 
picture input will not travel down the Sound 
input line 37, since it reaches the inner and outer 
conductors of the line 37 in phase, through the 
lines 33 and 33, and no voltage across the line 
37 can be produced by the picture input. 
The input from the Sound input line 3, on the 

other hand, reaches the pointS 2 and 2' Out of 
phase, and through the lines 27 and 2', the point 
29. Since the voltages arriving at the point 29 
from the sound transmitter are 180° out of phase, 
the resultant voltage at the point 29 is zero and 
no energy from the Sound transmitter flows into 
the line 3i. Thus the Sound and picture input 
lines are effectively isolated from each other, 
although each is coupled efficiently to the antenna 
system. The fact that the points 2 and 2' are 
in phase for the picture signal and out of phase 
for the Sound signal is of Substantially no in 
portance. The only effect is that the turnstile 
phase rotation is clockwise for one signal and 
counter-clockwise for the other. 

Summary 
The invention has been described as embodied 

in a combined television and sound broadcast 
antenna System, for transmitting both Sound and 
picture signals from a common radiator System. 
It is to be noted, however, that the invention may 
find other applications in Systems requiring a 
Common load or common loads to be Supplied by 
independent Sources which must be isolated from 
One another, or conversely in Systems wherein 
Common Sources Supply independent loads. 
Briefly, two feed points are Supplied in opposite 
phases by One Source through a line balance 
convertor or the equivalent. The same two feed 
points are supplied in phase by the Second source. 
Energy from one Source will arrive through the 
feed points at the other Source by two paths; 
the voltage transmitted through one path will 
be 180° out of phase with that transmitted 
through the other. Thus each source is balanced 
out with respect to the other, and no interchange 
of energy can occur between them. In the de 
Scribed arrangement, impedance matching is ob 
tained by Simple arrangement of transmission 
lines, and unavoidable reactances presented by 
the line balance convertors are substantially 
neutralized, permitting efficient broad-band op 
eration of the system. 
I claim as my invention: 
1. A radio antenna System for excitation from 

tWO independent input circuits simultaneously, 
including two groups of radiators, each electri 
cally balanced to ground, two pairs of balanced 

75 lines, one pair connected to each of said radiator 
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groips, respectively, two line: balance, convertors, 
one connected to; each of said, pairs of balanced. 
lines respectively, each of Said balance: convertors. 
including two half wavelength line sections, one 
haying...its. Quter conductor connected at its upper 
end to one of said balanced lines, and the other 
having its inner-conductor connected at its; upper 
end, to the other of said balanced lines, the lower 
ends of said half, Wave line. sections being con 
nected in parallel with each; other to constitute. 
a, feed point, means, connecting the outer conduc 
tgrs.ofsaid halfwavelength line-sections together. 
approximately, at their mid-paints; whereby, the 
upper portions of said outer conductors act, as a 
quarter wave. parallel line shunting said balanced, 
lines, quarter wavelength lines connected between 

id: input, circuits, and Said feed points 
half Wave, lines cannected at, one. 

m y, to said feed points, a line-balance; 
convertors having its, balanced: terminals con 
nected: between the other ends.of, said last men. 
tigned half wave-lines, and its unbalanced circuit, 
cgnected to the other of said input circuits, the 
design of said last-inexationed balance convertor. 
being, such that the: resonance. characteristics 
presented: thereby at said feed, points are subs 
stantially the same as those presented by, said 
first neiationed balance convertors. at their ball 
anced terminalis, Said first mentioned, half wave 
Sections having characteristic impedances deter : 
mined in accordance. With said resonance charact. 
teristics. So, as to effect. Substantial cancellation 
of the reactances of said, balance convertors. 

2, A.network for radio anterana systems includ 
ing a pair. Cf. radio frequency, feed points to..be. 3. 

Enliltaneously supplied with energy from:a: pair. 
of independent radio.frequency inputs, said.input 
circuit.S. comprising coaxial transmission lines. 
having inier, and outer, conductois, two equal 
length transmission lines connecting said feed . 
pointS to One of said inputs to transfer energy 
therefrom to said feed-points in the same phase 
relationship;an additional transmission line:con 
nected to pne of Said feedpoints, a further:trans. 
missipa lines Connected to the other of said feed. 
plgin.S., tie inner conductors; cf. Said additional 
and Saig furthe; transmission lines being con 
nected together, at the ends remote from said feed 
points; means.io, connect, the inner conductor of 
the other of Said input circuits, to the outer con 
ductor of said, additional transmission, line, and 
means arranged to form: a transmission line stub, 
to connect the outer conductor of the other...of 
said input, circuits to the outer conductor of said. 
further...transmission line, and to the outer-con 
ductor of Said additional transmission line, at a point, a quarter-wave length at the operating. 
frequency from the end thereof...to, transfer energy 
from Said other input, circuit. to said feed points, 
in antiphase relationship. 

3. A net work for; radio frequency, systems in 
cluding, a pair...of radio frequency outputs, to be, 
simultaneously, Supplied with energy, from a pair, 
of radio frequency inputs to be isolated from each, 
other, said inputs comprising coaxial transmission. 
lines having inner and outer conductors, two equal. 
length transmission lines connecting. said outputs 
to one. Of Said, inputS, to transfer energy to said, 
outputs in the same phase relationship, an addi. 
tional coaxial transmission line connected to one 
of said outputs, a further coaxial transmission 
line of the same length as said additional trans 
mission line connected to the other of said out 
puts, the inner conductors of said additional and 
Said further transmission lines being connected. 

65 
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75 

8. 
together at the ends remote from said outputs, 
means to connect the inner conductor of the other 
of said.inputs to the outer conductor of said addi 
tional transmission line, and stub means ar ranged to connect the outer conductor of the 
other of Said inputs to the outer conductor of said 
further transmission-line and to the outer con 
ductor of Said additional transmission line at a 
point a quarter-wave length at the operating 
frequency from the end thereof. to transfer 
energy from Said other input. to said outputs in 
anti-phase; relationship. - - - 

4. An antenna System including a pair of radio 
frequency feed points, to ha simultaneously sup 
plied. With energy, from a pair of independent. 
radio frequency input circuits; each of said input 
circuit.S. Conglising, a, coaxial transmission line, 
having: an-gutter, conductor maintained at a given 
reference; potentiaii and ail inner conductor, 
means: to prevent the transfer cf energy from one: 
of Saiding it circuits...to, the other comprising...two. 
&C Lali length transmission lines connecting saids 
feed pointS. to: Gre: of Said input circuits-to-trans 
isi' energy tinerefronto: Said feed points in the, 
Same phase relationship, an additional trans 
mission line: Connected to one of Said-feed points, 
a flirtine transnaission line of the same length as: 
Said; additional transmission, line connected to 
the other of Said feedpoints, the inner conductors 
Of Said, additional and Said further transmission. 
lines beings, Conected; together at the ends re 
moie froin Said, feed, points, means to connect: 
the inner conductor of the other of said: input, 
Circuits, to the Otter conductor of, said additional 
transmission; line, and a conductor: surrounding, 
a portion: Of Saids additional transmission line to: 
Connect the outer conductor of thesother of said: 
input circuits to the , olater, conductor, of said: 
furbier:transmission-line and the otter: conductor. 
of Said; additional transmission line: at a point, a 
Clariter-Wave length fron: tiae end thereof... to: 
transfer energy from said other input circuit, to: 
Said feed points in-anti-phase"relationship. 

5. A radio antenna. System for, simultaneous; 
excitation from two independent input circuits. 
unbalanced with respect to a given: reference 
potential and including: two groups, of radiator. 
elements, comprising aapair of transmission-lines: 
Coupled to each group of radiator elements and: 
Corkheeted. in parallel with each other, to cons, 
Stitute a...feed point, quarter-wave length, lines: 
Conaected between:one of said input circuits, and ; 
Said-feed pointSi respectively, haif-wave coaxial 
transmission.lines connected at oriegend irrespect : 
tively to said feed points, means to interconnect 
the inner conductors: of said, haifswave liness 
lileans to interconnect the end of the outer cont. 
ductor of the other"end of one of said halfwave. 
lines and the terminal of the other of s5idinput; 
circuits remote from said given reference:po 
tential, and a conductor coaxially arranged about; 
Said One of Said half-wavelinestosfornia quarter 
Wave. Stub Section, Said conductor being connected 
to the outer conductor of the other. half-waves 
line at the end thereof, to the terminal at refer 
ence potential...ofsaid other input circuit and to. 
the outer conductor of the first said... half-wave. line-substantially at its mid-point. 

6. A radio antenna System for simultaneous: 
excitation from two-independent input circuits: 
including tWO groups of radiators, transmission 
line Sections coupied to said radiators and con 
nected in parallel with each other to constitute 
a feed point, equal-length lines connected between 
One of Said input circuits and said feedpointsires 
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Spectively, further equal length lines connected at 
One end respectively to said feed points, and ap 
paratus connected between the other ends of said 
further equal length lines and the other of said 
input circuits to induce equal and opposite cur 
rents in said further equal length lines in re 
sponse to excitation in Said other input circuit. 

7. A radio antenna, System for simultaneous 
excitation from two independent input circuits, 
including two groups of radiators, transmission 
lines coupled to each group of radiators and Con 
nected in parallel with each other to constitute 
a feed point, quarter-wave length lines connected 
between one of said input circuits and Said feed 
points respectively, half-wave lines connected at 
one end respectively to said feed points, and ap 
paratus connected between the other ends of 
said last-mentioned half-Wave lines and the other 
of said input circuits to induce equal and opposite 
currents in said further equal length lines in 
response to excitation in said other input circuit. 

8. A radio antenna system for simultaneous 
excitation from two independent input circuits, 
including two groups of radiators, each electri 
cally balanced to ground, two pairs of balanced 2 
lines, one pair connected to each of said radiator 
groups respectively, two line balance convertors, 
one connected to each of said pairs of balanced 
lines respectively, each of said balance convertors, 
including two half-wave length line Sections, One 
having its outer conductor connected at its upper 
end to one of said balanced lines and the other 

O 
having its inner conductor connected at its upper 
end to the other of Said balanced lines, the lower, 
ends of said half-wave line Sections being con 
nected in parallel with each other to constitute 

5 
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a feed point, means connecting the outer con 
ductors of said half-wave length line sections to 
gether approximately at their mid points, where. 
by the upper portions of said outer conductors 
act as a quarter-wave parallel line shunting said 
balanced lines, quarter-Wave length lines con 
nected between one of Said input circuits and said 
feed points respectively, equal length lines con 
nected at one end respectively to said feed points, 
a line balance converter having its balanced 
terminals connected between the other ends of 
said last-mentioned equal length lines, and its 
unbalanced circuit connected to the other of 
said input circuits. 

GEORGE. H. BROWN. 
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