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12 Claims, 

This invention relates to a means for coupling 
a plurality of high frequency output circuits to 
a transmission line. It is particularly adapted to 
coupling the output of a high frequency multi 
tube Oscillator to a transmission line as shown in 
the application of Robert M. Page et al., Serial 
No. 456,045, filed August 25, 1942, for Oscillator. 
In that application it is used to couple the fila 
ment circuits of the multiple tube shorted plate 
Oscillator to an antenna circuit. 

it is an object of this invention to provide a 
Coupling system which Will couple a plurality of 
high frequency Output circuits to a transmission 
line at high power levels. With proper impedance 
matching to reduce radiation losses to a mini 
Ill. 
Another object is to provide a coupling system 

having the foregoing characteristics which will 
lend itself readily to accurate tuning in Synchro 
nism. With tuning of the output circuits to main 
tain a high coupling efficiency over a wide fre 
(Uency range. 
A further object is to provide a coupling system 

capable of easy and accurate adjustment for the 
variation of the coupling. 
Other objects will become apparent from a care 

ful consideration of the following description 
When taken in conjunction with the accompany 
ing drawings in which: 

Figs. 1 to 5 inclusive are schematic diagram 
matic showings of the various embodiments of 
the invention as applied to a pair of high fre 
quency output circuits. Figs. 6 and 7 are dia 
grams, partly schematic, of embodiments of the 
invention as applied to four and six high fre 
quency output circuits respectively. 
The system in general employs One frame for 

each of the output circuits, the frames being lo 
cated in mutual parallelism and being equi-dis 
tant from a common central axis and equally 
spaced from each other. In the drawings the 
system is shown as applied to either two, four, 
or six output circuits, but it should be distinctly 
understood that any even number of output cir 
cuits may be employed. In each case the num 
ber of frames used Will equal the number of Out 
put circuits and their arrangement will be nodi 
fied to secure the spacing described above. 

In Fig. 1 is shown a pair of frames O and ' 
to which is coupled a transmission line having an 
outer conductor if and an inner conductor 2. In 
this form of the invention the Outer conductor of 
the transmission line is shorted to the frames by 
means of a shorting bar 3 positioned below the 
upper end of the outer conductor. The inner 
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conductor 2 is continued upwardly above the 
Outer conductor and is coupled to one of the 
frames O by means of a coupling bar 4. An 
end bar 5 is provided at the lower extremities 
of the frames for the sole purpose of adding sta 
bility and rigidity to the assembly. If a greater 
number of frames are employed, the inner Con 
ductor will be shorted to each alternate one of 
the frames. For example, if four frames Were em 
ployed, the inner conductor would be shorted to 
a pair of frames diagonally located with respect 
to the assembly. If six frames were employed 
the inner conductor Would be shorted to three 
of them. If more than two output circuits are 
to be coupled, the shorting bar and end bar be 
come plates. The four frame arrangement is 
shown in Fig. 7. 
This basic construction is followed throughout 

all of the modifications disclosed herein. The dif 
ferences between the construction of Fig. 1 and 
other forms of the invention lie solely in the 
means used to Secure accurate tuning of the 
frames. The means employed in the form shown 
in Fig. 1 may either be a variation of the location 
of the shorting bar 3 or of the coupling bar 4 
or it may be accomplished by varying the height 
of the portion of conductor extending above 
bar 3. The coupling bar may be varied in loca 
tion by making the inner conductor 2 telescopic 
in form or the variation may be accomplished 
by sliding the coupling bar 4 along the inner con 
ductor as illustrated in Fig. 5. The upper portion 
of conductor may be made telescopic as indi 
cated at 26 in Fig. 1. 
In Fig. 2 the shorting bar 3 is shown located 

at the upper extremity of the outer conductor 
and the diameter of the portion of the inner COn 
ductor 2 protruding above the Outer conductor 
has been enlarged substantially to the diameter 
of the Outer conductor f. The purpose of the 
enlargement is the reduction of the inductance 
of this portion of the inner conductor. The great 
er the enlargement, the lower its inductance will 
be. The degree of enlargement is not limited to 
the diameter of the outer conductor it. Tun 
ing in this form of the invention may be accom 
plished by moving the coupling bar 4 along the 
enlarged portion of the inner conductor 2, by 
varying the length of the protruding portion of 
the inner conductor 2 or by varying the location 
of the shorting bar 3 with respect to the upper 
extremity of the outer conductor . Any one 
or a combination of these expedients may be emi 
ployed for this purpose. The variation in the 
length of the inner conductor 2 may be accom 
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plished by making the protruding portion of a 
telescopic nature. In the form of the invention 
shown in Fig. 3 tuning is accomplished by means 
of a stub line f6 positioned just below the shorting 
bar 3. The electrical length of this stub is Varied 
by means of a short-circuiting member f. 

Fig. 4 illustrates the use of a pair of reactance 
stubs 6 and 8 by means of which a wide range 
of impedance transformation may be Secured. 
The stubs are preferably one-half wave in length 
and may be spaced at various locations to Wary 
the desired range of transformation. 

If the impedance required to properly load the 
Oscillator is lower than the characteristic in 
pedance of the transmission line then the stub 
6 Should be Spaced one-quarter Wave length from 

the shorting bar. If the impedance required to 
properly load the oscillator is higher than the 
characteristic impedance of the line then the stub 
6 should be placed at the Shorting bar. 
The spacing between stubs depends upon the 

range of transformation desired. If the transmis 
Sion line is properly terminated at its load end 
and if the two stubs are Spaced one-quarter Wave 
length apart, then the impedance at the input to 
the transformer can be made to vary from a value 
equal to the characteristic impedance of the line 
up to infinity. Moving the stubs closer together 
increases the range until at a Space of one-eighth 
wave the range extends fronn one-half the char 
acteristic impedance of the line to infinity. Al 
though the range can be further increased by a 
decrease in the spacing the setting becomes more 
highly critical as the stubs are brought closer to 
gether. A spacing of one-eighth Wave length has 
been found to operate satisfactorily but the criti 
cal nature of the Setting has been found to ren 
der spacings much closer than this undesirable. 
The electrical length of each of the reactance 

stubs of Fig. 4 may be varied for tuning purposes 
by means of a short-circuiting member such as 
T. 
While many forms of compensating means have 

been shown one or more may be employed to 
gether in a Single embodiment, as for example, 
the telescopic inner conductor 2 together with 
the variable shorting bar 3 and a compensating 
stub 6. 
A. coupling system such as disclosed herein 

lends itself readily to tuning by means of a ganged 
tuning means by the conjunction of the tuning of 
the output circuits. An illustration of this is 
found in the above mentioned application of 
Robert M. Page et al., in which ganged tuning 
means are employed to tune the grid circuits of 
a multi-tube oscillator simultaneously with the 
tuning of the filament frames which are coupled 
to a transmission line in accordance with the 
invention. This tuning is accomplished by means 
of variable condensers, located between filament 
circuits and simultaneously tuned by means of 
a, butterfly type tuning vane which also acts to 
complete a capacitive circuit between the fila 
nentS. Such a tuning arrangement has been in 
dicated in Fig. 1. Which shows filaments 2 and 20 
of a two-tube oscillator, each filament being 
connected to a respective One of the filament 
frames through bypass capacitors 22 and 22' 
respectively. Wariable condensers 23 and 23' are 
shown connected between the filaments and 
simultaneously variable by conductor 24 which 
is shown connected to the operating knob. 25. 
The employment of filament frames in this 

manner makes available a convenient shielding 
means through which the filament leads may be 
led from the high voltage region of an oscillator 
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4. 
and the filament frames themselves become rigid 
structural components of the oscillator assembly. 
The coupling device is mechanically strong and 
rugged. 

It should be understood that the practice of 
the invention is not limited to the embodiments 
illustrated and described but is circumscribed only 
by the Scope and limitations of the appended 
claims. 
The invention described herein may be manu 

factured and used by or for the Government of 
the United States of America for governmental 
purposes without the payment of any royalties 
thereon. Or therefor. 
We cairn: 
1. Means for coupling the output circuits of an 

even number of high frequency electronic tubes 
to a concentric transmission line, comprising a 
like number of rigid conductors, said conductors 
extending in mutual parallelism, being equally 
Spaced from each other and from a central axis 
of Symmetry coaxial with said transmission line, 
and terminating in a plane normal to said axis, 
means coupling each of Said circuits to the ter 
mination of One of Said conductors, and means 
coupling said conductors to said transmission 
line, the last named coupling means comprising 
means short-circuiting the outer conductor of said 
transmission line to all of Said rigid conductors at 
points lying in a second plane parallel to said 
plane of termination, and means conductively con 
necting the inner conductor of Said transmission 
line to the alternate ones of said conductors in 
a plane intermediate Said above mentioned planes 
and parallel thereto. 

2. Means for coupling an even number of high 
frequency output circuits to a concentric trans 
mission line, comprising a like number of rigid 
conductors, said conductors extending in mutual 
parallelism, being equally spaced from each other 
and from a central axis of symmetry coaxial with 
said transmission line, and terminating in a plane 
normal to Said axis, means coupling each of said 
circuit.S to the termination of one of said con 
ductors, and means coupling said conductors to 
said transmission line, the outer conductor of said 
transmission line terminating in a second plane 
parallel to the first mentioned plane, the inner 
Conductor of said transmission line terminating 
in a third plane intermediate the above men 
tioned planes and parallel thereto, means con 
ductively connecting the termination of said 
Outer conductor to Said rigid conductors in said 
Second plane and means conductively connecting 
said inner conductor to alternate ones of said 
rigid conductors in Said third plane. 

3. Means for coupling the output circuits of 
an even number of high frequency electronic tubes 
to a concentric transmission line, comprising a 
like number of rigid conductors, said conductors 
extending in mutual parallelism, being equally 
Spaced from each other and from a central axis 
of symmetry coaxial with said transmission line, 
and terminating in a plane normal to said axis, 
means coupling each of said circuits to the ter 
mination of one of said conductors, and means 
coupling said conductors to said transmission line, 
the last named coupling means comprising means 
short-circuiting the outer conductor of said trans 
mission line to all of said rigid conductors at 
points lying in a second plane parallel to said 
plane of termination, said outer conductor ter 
minating intermediate said planes, the inner con 
ductor of Said transmission line terminating in a 
third plane intermediate the first mentioned plane 
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and the termination of said outer conductor, and 
means conductively connecting said inner con 
ductor to alternate ones of said rigid conductors 
in Said third plane, Said short-circuiting means 
being movable along Said outer conductor and 
Said rigid conductors to vary the coupling be 
tWeen Said rigid conductors and said transmission 
line. 

4. Means for coupling the output circuits of 
an even number of high frequency electronic tubes 
to a concentric transmission line, comprising a 
like number of rigid conductors, said conductors 
extending in mutual parallelism, being equally 
Spaced from each other and from a central axis 
of Symmetry coaxial with said transmission line, 
and terminating in a plane normal to said axis, 
means coupling each of said circuits to the ter 
mination of one of said conductors, and means 
coupling Said conductors to said transmission 
line, the last named coupling means comprising 
means Short-circuiting the Outer Conductor of 
Said transmission line to all of said rigid con 
ductors at points lying in a second plane parallel 
to Said plane of termination, and means conduc 
tively connecting the inner conductor of said 
transmission line to alternate Ones Of Said con 
ductOrS in a plane intern ediate Said above mein 
tioned planes and parallel thereto, said conduc 
tive connecting means being movable to vary the 
coupling between said rigid conductors and said 
transmission line. 

5. Means for coupling the output, circuits of 
an even number of high frequency electronic 
tubes to a concentric transmission line, compris 
ing a like number of rigid conductors, said con 
ductors extending in mutual parallelism, being 
equally spaced from each other and from a cen 
tral axis of Symmetry coaxial With said trans 
mission line, and terminating in a plane normal 
to said axis, means coupling each of said circuits 
to the termination of one of said conductors, and 
means coupling Said conductors to said trans 
mission line, the last-named coupling means Com 
prising means short-circuiting the outer Con 
ductor of Said transmission line to all of said rigid 
conductors at points lying in a Second plane par 
allel to said plane of termination, the inner con 
ductor of Said transmission line being terminated 
intermediate said planes and means conductively 
connecting the termination of Said inner Con 
ductor to alternate ones of Said rigid conductors, 
at points lying in a third plane parallel to the 
above mentioned planes, said inner conductor be 
ing telescopic. Whereby said conductive connect 
ing means may be moved to move said points of 
connection and thereby vary the coupling be 
tWeen said rigid conductors and said transmission 
line. 

6. Means for coupling the output circuits of 
an even number of high frequency electronic 
tubes to a concentric transmission line, compris 
ing a like number of rigid conductors, said con 
ductors extending in mutual parallelism, being 
equally Spaced from each other and from a cen 
tral axis of Symmetry coaxial with said trans 
mission line, and terminating in a plane normal 
to said axis, means coupling each of said circuits 
to the termination of one of said conductors, and 
means coupling said conductors to said transmis 
ion line, the last named coupling means com 
prising means short-circuiting the outer conduc 
tor of Said transmission line to all of said rigid 
conductors at points lying in a second plane par 
allel to said plane of termination, the inner con 
ductor of Said transmission line extending beyond 
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6 
said outer conductor, the diameter of the pro 
truding portion thereof being increased beyond its 
normal value and said protruding portion being 
telescopic, and means conductively connecting the 
end of said protruding portion to alternate Ones 
of said rigid conductors, said connecting means 
being movable With the end of Said protruding 
portion to vary the points of connection of said 
connecting means with said rigid conductors. 

7. Means for coupling the output circuit.S of an 
even number of high frequency electronic tubes 
to a concentric transmission line, comprising a 
like number of rigid conductors, said conductors 
extending in mutual parallelism, being equally 
spaced from each other and from a central axis 
of symmetry coaxial With said transmission line, 

- and terminating in a plane normal to Said axis, 
means coupling each of Said circuits to the ter 
mination of one of Said conductorS, and means 
coupling said conductors to said transmission 
line, the last-named coupling in eans comprising 
means short-circuiting the outer conductor of 
said transmission line to all of Said rigid con 
ductors at points lying in a Second plane parallel 
to said plane of termination, the inner conductor 
of said transmission line extending beyond said 
outer conductor, the diameter of the protruding 
portion thereof being increased beyond its nor 
mal value, and means conductively connecting 
the end of said protruding portion to alternate 
Ones of Said rigid conductors. 

8. Means for coupling the output circuits of 
an even number of high frequency electronic 
tubes to a concentric transmission line, compris 
ing a like number of rigid conductors, Said con 
ductors extending in mutual parallelism, being 
equally spaced from each other and from a cen 
tral axis of Symmetry coaxial with said tranSimis 
Sion line, and terminating in a plane normal to 
said axis, means coupling each of said circuits to 
the termination of one of said conductors, and 
means coupling said conductors to said trans 
mission line, the last-named coupling means com 
prising means short-circuiting the Outer con 
ductor of Said transmission line to all of said rigid 
conductors at points lying in a second plane par 
allel to said plane of termination, means con 
ductively connecting the inner conductor of said 
transmission line to alternate Ones of said con 
ductors in a plane intermediate said above men 
tioned planes and parallel thereto, a reactance 
Stub connected into said transmission line adja 
Cent said Second plane, and means for varying 
the electrical length of said stub. 

9. Means for coupling the output circuits of an 
even number of high frequency electronic tubes 
to a concentric transmission line, comprising a 
like number of rigid conductors, said conductors 
extending in mutual parallelism, being equally 
Spaced from each other and from a central axis 
of Symmetry coaxial with said transmission line, 
and terminating in a plane normal to said axis, 
means coupling each of said circuits to the ter 
mination of one of said conductors, and means 
coupling said conductors to said transmission line, 
the last-named coupling means comprising means 
short-circuiting the outer conductor of said 
transmission line to all of said rigid conductors 
at points lying in a second plane parallel to said 
plane of termination, means conductively con 
necting the inner conductor of said transmission 
line to alternate ones of said conductors in a 
plane intermediate said above mentioned planes 
and parallel thereto, a pair of reactance stubs 
connected into said transmission line, the con 
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nection point of one of said stubs being Spaced 
from said second plane by a distance equal to 
one-quarter wave length of the output circuit 
frequency and the connection point of the other 
being spaced from the first mentioned connection 
point by a distance lying between an eighth and 
quarter Wave length, and means for Varying the 
electrical length of Said stubs. 

10. Means for coupling the output circuits of 
an even number of high frequency electronic 
tubes to a concentric transmission line, compris 
ing a like number of rigid conductors, Said con 
ductors extending in mutual parallelism, being 
equally spaced from each other and from a cen 
tral axis of symmetry coaxial with Said trans 
mission line, and terminating in a plane normal 
to said axis, means coupling each of Said circuits 
to the termination of One of said Conductors, and 
means coupling said conductors to Said trans 
mission line, the last-named coupling means 
comprising means short-circuiting the Outer Con 
ductor of said transmission line to all of Said 
rigid conductors at points lying in a second plane 
parallel to said plane of termination, means con 
ductively connecting the inner conductor of Said 
transmission line to alternate OneS of Said Con 
ductors in a plane intermediate said above men 
tioned planes and parallel thereto, a pair of re 
actance stubs connected into Said tranSrinission 
line, one of said stubs being connected into said 
line in Said second plane and the connection 
point Of the other being Spaced from Said Second 
plane by a distance lying between an eighth and 
a quarter Wave length, and means for varying the 
electrical length of Said stubs. 
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11. Means for coupling a pair of high frequency 

circuits to a concentric transmission line Com 
prising a pair of rigid conductors equally Spaced 
in parallelism from the central axis of Said trans 
mission line and terminating in a plane normal 
to said axis, means coupling each of Said circuits 
to separate conductors of Said pair of conductors, 
and means coupling Said conductors to said 
transmission line, the last-named means includ 
iing short-circuiting means connecting the Outer 
conductor of said transmission line to said pair 
of conductors in said plane of termination, and 
means conductively connecting the inner con 
ductor of said transmission line to one of Said 
conductors at a point thereon intermediate said 
plane of termination and Said circuit.S. 

12. Means for coupling an even number of 
high frequency circuits to a concentric transmis 
Sion line comprising a plurality of conductors 
equally spaced in parallelism from each other and 
from the central axis of said transmission line, 
means connecting each of said circuits to a 
separate conductor of Said plurality of conduc 
tors, means connecting each conductor of said 
plurality of conductors to the outer conductor 
of Said transmission line in a first plane normal 
to said axis, and means connecting alternate con 
ductor's of said plurality of conductors to the 
inner conductor of said transmission line in a 
second plane normal to Said axis intermediate Said 
first plane and said circuits. 

ROBERT M. PAGE. 
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