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ABSTRACT OF THE DISCLOSURE 

A microwave coupled line device includes a pair of 
insulated inner conductors, each having inulation bonded 
thereto and separated by the thickness of the insulation 
therebetween for a distance corresponding substantially 
to a quarter wavelength at the center operating frequency, 
the thickness of the insulation being comparable to and 
typically less than the thickness of each conductor. A 
common outer conductor surrounds and is insulatedly 
separated by an annular bead from the inner conductors 
by a radial distance greater than the radial distance 
spanned by the assembly of the inner conductors and the 
insulation therebetween and many times greater than the 
thickness of the insulation therebetween. In a speci?c 
form, there are four terminal pairs outside the cavity en 
closed by the outer conductor with each terminal pair 
having its inner terminal coupled to a respective end of 
the inner conductors and its outer terminal intercoupled 
with the other outer terminals by the common outer con 
ductor. 

The present invention relates in general to coupled line 
devices and more particularly concerns a novel hybrid of 
high electrical performance, small physical form and easy 
and inexpensive to fabricate in large and small quantities 
while maintaining a high degree of repeatability in elec 
trical performance and facilitating the convenient loca 
tion of external terminals. 
One well known type of four terminal pair hybrid com 

prises a pair of conductors centered in an outer conductor 
with precision supports that maintain quarter-wavelength 
segments of the two conductors in precise ?xed relation 
ship. Each end of the two conductors is brought out to 
the inner terminal of a coaxial terminal pair so that when 
the terminal pairs are properly terminated, energy ap 
plied to one terminal pair divides equally and in phase 
quadrature to the nearest two terminal pairs while sub 
stantially no energy is delivered to the farthest terminal 
pair. While these hybrids perform satisfactorily, precise 
machining and assembling procedures are required to 
achieve satisfactory level of performance. Moreover, rela 
tively large conductors have been employed with the re 
sult that the size of these hybrids is not infrequently 
greater than that desired. Moreover, relatively large sized 
conductors react with a surrounding outer conductor so 
as to alter the electrical properties and frequently re 
quire the introduction of special compensating elements 
within the cavity. And the geometry of the speci?c struc 
ture frequently limits the available locations for output 
terminals. 

Accordingly, it is an important object of this inven 
tion to provide a high performance miniaturized coupled 
line device that is relatively easy and inexpensive to fabri 
cate. 

It is another object of the invention to provide a hy 
brid in accordance with the preceding object that facili 
tates convenient location of terminals for connection to 
external apparatus. 
According to the invention, ?rst and second inner con 

ductors with insulation bonded thereto are arranged with 
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in an insulatedly separated outer conductor side-by-side 
for a quarter wavelength, separated by the insulation thick 
ness therebetween. The ends of the inner conductors are 
coupled to a respective signal terminal of a terminal pair, 
the other terminal of each pair being a reference terminal 
intercoupled by the outer conductor with the other refer 
ence terminals. 
Numerous other features, objects and advantages of 

the invention will become apparent from the following 
speci?cation when read in connection with the accompany 
ing drawing in which: 
FIG. 1 is a longitudinal sectional view, and 
HG. 2 is a central diametrical sectional view of an 

embodiment of this invention comprising two insulated 
Wires contiguous for a quarter wavelength in a circular 
cylinder. 
With reference now to the drawing and more particular 

ly FIG. 1 thereof, there is shown a longitudinal sectional 
view of the embodiment of the invention in which the four 
terminal pairs A, B, C and D of the hybrid are diagram 
matically represented. When these terminal pairs are termi 
nated in their respective characteristic impedances, energy 
applied to one terminal pair divides equally between the 
nearest two terminal pairs While negligible energy is de 
livered to the farthest terminal pair. Thus, energy applied 
to terminal pair A divides equally between terminal pairs 
B and C in phase quadrature while virtually no energy is 
delivered to terminal pair D. Conductor 11 intercouples 
signal terminal 12 of terminal pair A and signal terminal 
13 of terminal pair C. Conductor 13 intercouples signal 
terminal 14 of terminal pair B and signal terminal 15 of 
terminal pair D. Thin layers of insulation 16 and 17 are 
bonded to conductors 11 and 13, respectively. These in 
sulating portions are in contact along the line 21 for a 
quarter wavelength at center frequency so that the con 
ductors 11 and 13 are separated by the insulation thick 
nesses. An annular insulating Wafer 22 supports the in 
sulated conductors 11 and 13 symmetrically within the 
conducting cylindrical casing 23 de?ning the outer con 
ductor. Casing 23 also intercoupled the interference termi 
nals 24, 25, 26 and 27 of terminal pairs A, B, C and D, 
respectively. 

FIG. 2 is a diametrical sectional view through the em 
bodiment of FIG. 1 illustrating how the insulating wafer 
22 keeps conductors 11 and 13 centered within the cavity 
de?ned by the conductive casing 23. 

In a speci?c embodiment of the invention No. 20 wire 
with a Te?on coating .004 inch thick was placed in a 
cylindrical cavity 1.460 inches long, .234 inch in diameter, 
and the ends of each wire brought out to type TNC co 
axial terminals to provide a coupling of 3 db :- 0.4 db and 
an isolation of 29 db minimum over a frequency range 
of l to 2 gigacycles. The annular supporting head was 
made of Te?on and had an inner diameter of .067 inch. 
An important feature of the invention is the adapta 

bility of the structure to accommodating terminal pairs 
at different locations. FIG. 1 shows terminal pairs being 
brought out at diametrically opposed points in the 
cylindrical outer conductor. But the invention operates 
equally well with the terminal pairs in space quadrature. 
Alternatively, terminal pairs could be brought out through 
the end caps of the cavity. Also, the wires can be in 
ternally twisted up to 180° without affecting performance. 
The invention is illustrated with separate circular wires 

in a circular cavity. The cavity could be rectangular or 
of other shape. The wires could be rectangular and might 
be bonded to a common separating insulating strip. 

Other modi?cations and uses of and departures from 
the speci?c embodiments described herein may be prac 
ticed by those skilled in the art without departing from 
the inventive concepts. Consequently, the invention is to 
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be construed as limited solely by the spirit and scope 
of the appended claims. 
What is claimed is: 
1. High frequency apparatus operative over a fre 

quency range embracing a predetermined center frequency 
comprising, 

?rst and second insulated inner conductors, each hav 
ing insulation bonded thereto and separated by the 
thickness of said insulation therebetween vfor a dis 
tance corresponding substantially to a quarter wave 
length at said center frequency and separated by a 
greater distance. elsewhere, 

the thicknes of said separating insulation being less than 
the thickness of each conductor, 

means including an outer conductor de?ning a cavity 
surrounding and insulateally separated from said in 
ner conductors and maintained in ?xed relationship, 
with the radial distance between said outer conduc 
tor and said inner conductors being greater than the 
combined thickness of said inner conductors with said 
separating insulation and being many times greater 
than the distance between said inner conductors, 
established by said separating insulation, 

means de?ning four terminal pairs outside said cavity, 
each terminal pair having a signal terminal coupled 

to a respective end of said conductors and a refer 
ence terminal intercoupled with the other reference 
terminals by said outer conductor. 

2. High frequency apparatus in accordance with claim 
1 and further comprising, 
means for supporting said ?rst and second inner con 
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ductors symmetrical about the axis of said outer con 
ductor for at least said quarter wavelength, 

said inner conductors being much closer to said axis than 
to said outer conductor along said quarter wave 
length. 

3. High frequency apparatus in accordance with claim 
2 wherein said inner conductors and said outer conduc 
tor are of substantially circular cross section and said 
means for maintaining comprises an insulating annular 
bead of inner diameter corresponding substantially to the 
radial distance spanned by said ?rst and second'insulated 
inner conductors, of outer diameter corresponding sub 
stantially to the inner diameter of said outer conductor 
and of length corresponding substantially to said common 
length and snugly surrounds said ?rst and second insu 
lated inner conductors. 
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