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The present invention relates to radio frequen 
cy transmission lines and more particularly to 
transmission line arrangements for coupling a 
single ended or unbalanced line to a balanced or 
push-pull transmission line: arrangement. 
An object of the present invention is the pro- . 

vision of a wide band balance-to-unbalance cou 
pling device or "balun." 
Another object of the present invention is the 

provision of means for coupling a single ended 0 
or unbalanced transmission line to a pair of . 
transmission lines operating in a 'balanced or 
push-pull relationship. - , 

A further object-of-the-present invention is 
the provision of a coupling arrangement as afore 
said which not only is balanced over a wide band 
of frequencies, but which is -also reflectionless 

- over said band. . - - - - - 

i-Still another object of the present invention 
is the provision of a “balun' operative over a 
wide band of frequencies. 
The foregoing objects and others which may 

appear from the following detailed: description 
are attained by providing a balance-to-unbal 
ance-coupling arrangement in which series re 
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actance are inserted in the balanced line circuit 
to . compensate for the reactive components...iris 
troduced in the coupling circuit as the frequency 
departs from the... assigned. Value..." The...present 
invention will be more fully understood by ref 
erence to the following description: which is ac 
companied by a drawing-in which:. . . . . . . 

Figure 1, illustrates in sectional view, a form 
of balance-to-unbalance coupling device hereto 
fore known in the prior art;. While Figure.: 2...il 

The outer sheaths. 22 and 23 are: shown:as ex 
tending only a short distance over the 'inner 
conductors, but in practice would entirely; en 
close inner conductorS-20 and 2 f from the bal 
ance converter to the load 15. . . . . . . 
“Ehe transmission line TT1 has its outer sheath 
2 extending into the shell. 4, ... a distance equal 

to a. One-quarter of the operating wavelength. 
The inwardly extending portion of sheath. 2 is 
identified by reference character 32. . . . . . 
In a coaxial end-to-end arrangement with ex 

tension 32 is a cylindrical conductive member 
33,ialso: one-quarter. of the operating:wavelength 
long-and-connected at its end remote from the 
end-of member 32 to outer shell f4: The inner 
iconductor if 0 of transmission line TL: extends 
into the tubular member 33, a distance, equalito 
'one-quarter of the operating-wavelength and is 
terminated in an electrical open circuit. These 

0 members. 323 and 33 are electrically inverted 
images of one: another. At the adjacent ends of 
'members 32 and 33, at points A:and B, of high 
est instantaneously equal, and opposite poten 
tials, the conductors 20 and 2 of the balanced 
circuit; are connected. . . . . . . . . . . . . . . . 

Thes reactance provided by the tubular, con 
eductor.33 and the extension of inner conductor 
to therewithin provides a series reactance, ele 
ment X1, shown: diagrammatically in Figure .2, 

go which over a reasonably, wide band of frequen 

ustrates in diagrammatic forman equivalent cir- . 
cuits for the 'balun' of "Figure. 1; Figure 3: il 
lustrates in cross-section; the application of the 
present invention to a balance-to-unbalance cour 
rpling arrangement; while:Figure 4 shows india 
grammatic form, the circuit equivalent of the 
arrangement of Figure 3. . . . . . . 

Referrings now to Figure 1, there is shown: an 
unbalanced transmission line. TL1 including an 
inner conductor 0 and a conductive outersheath 
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4. 12 concentrically, arranged about conductor 0. 
The transmission line. TL1 enters: as conductive 

... bex or outer shell 4 at one:end. A further pair 
of transmission lines T2 and TL3, operating in 
a balanced -or push-pull relationship, enter one 
side of the box or shell 4. The shell-4-is-en 
tirely closed except where the various transmis 
sion lines enter. The transmission:line, TL2.in 
cludes. an inner conductor. 20, and a surrounding 
outer-sheath 22, while line TL3 includes an inner 
conductor. 2 surrounded by another sheath, 23. 

5 

5 

cies: nearly...cancels: the reactive component of the 
'parallels combination formed by the load 15 and 
the Santi-resonant.circuits formed by iconduc 
tors 32 and 33 within the outershell:14. In Fig 
ure 2, these reactances are illustrated in diagram 
imatic; form as reactances X2. The sadded: react 
ance X1 of Figure 2 representative of the series 
'reactance of tubular conductor. 33 and inner 
Conductor. 0.also acts, to tune, out any residual 
-reactance...in...the circuit::such as may be caused . 
by the shortunshielded lengths of conductors O, 
-20; and 2...within the shell 4. These reactances 
are indicated in Figure.1 as reactanceX. 

NoW it can be seen that the equivalent circuit 
shown: in Figure. 2 is: not completely compensated. 
If: the circuit elements indicated by Xa addisus 
sceptance to the load, the input resistance will 
have: ayalue lower than; the load resistance and 
the:Source impedance will no longer be matched 
by the load, thus causing standing wavesito be 
Set up in transmission line TL1. This is true even 
though the equivalent series reactance is.com 
ipensated by Xi. In order to: avoid this unde 
Sirable; effect, the arrangement, according to my 

3 invention, as shown in Figure 3, may be used. . . 
... The: elements of:Figure 3, which correspond to 

  

  

  

  

  



3 
those in Figure 1 have similar reference charac 
ters and need not be further described. How 
ever, in Figure 3 instead of inner conductors 20 
and 2 being connected directly to sheath mem 
bers 32 and 33 these conductors enter the 
further tubular members 42 and 43 parallel to 
and connected to the sheaths 32 and 33 respec 
tively. The inner conductor 20 of the balanced 
TL2 enters the tubular member 42 a distance, 
equal to one-quarter of the operating Wavelength 
and is open circuited at the inner end thereof. 
Similarly the conductor 2 enters tubular mem 
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sion line having an interruption in the sheath 
conductor at a point one-quarter wavelength at 
the operating frequency from the end thereof, 
said arrangement having a conductive shell sub 
stantially a half-wave long at said operating fre 
quency surrounding said unbalanced coaxial 
transmission line at the end thereof and being 
connected at each end to the sheath conductor 
thereof, two further sections of coaxial transmis 
sion line each having the sheath conductor Con 
nected to said shell at the ends thereof and being 

ber 43, a distance equal to one-quarter of the 
operating wavelength and is open circuited at its 
inner end. Thus the reactance element formed 
by conductor 20 and tubular member 42 and the 
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reactance element formed by conductor 2. and 
tubular member 43 are effectively in series with 
the load 5. At the operating frequency these 
open ended quarter wave lines act as though 
they were short circuited at the mouths of tubul 
lar members 42 and 43 and have no effect. On the 
circuit. They are diagrammatically indicated as 
series resonant elements X3 in Figure 4. 
Now, if at an arbitrary frequency removed 

from the midband frequency the reactance X3 
is chosen approximately equal in value to the re 
actance. X1, and the Sun of the reactances of 
X1 and X3 is chosen equal in value to the re 
actance added by susceptance X2, the input at 
TT will not only be non-reactive but Will have 
a pure resistance value equal to a resistance of 
the load 5. Therefore, the network properly 
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terminates the source not only at the midband 
frequency but also at arbitrary frequencies above 
and below the mid-band frequency. 
Thus the balance transformer of Figure 3 is 

not only balanced at all frequencies but is sub 
stantially non-reactive over a Substantial band 
of frequencies. A band width at least thirty per 
cent greater than obtainable with the structure 
of Figure 1 is thereby obtained. 
What is claimed is: 
1. An arrangement for coupling an unbalanced 

coaxial transmission line having Center and 
sheath conductors to a pair of transmission lines 
having inner and outer conductors operating in 
balanced relationship, said unbalanced transmis 
sion line having an interruption in the sheath 
conductor at a point Substantially one quarter 
wavelength at the operating frequency from the 
send thereof, said arrangement having a conduc 
tive shell substantially a half-wave long at said 
operating frequency surrounding said unbalanced 
coaxial transmission line at the end thereof and 
being connected at each end to the sheath Con 
ductor thereof, a further section of coaxial trans 
mission line arranged within Said shell, said 
further section of coaxial transmission line hav 
ing interrupted sheath and center conductors, 
said interrupted sheath conductor being con 
nected to said shell at the ends thereof and being 
connected to the interrupted sheath conductor of 
said unbalanced coaxial transmission line, the 
interrupted center conductor of said further co 
axial transmission line having its adjacent ends 
connected to the inner conductors of said bal 
lanced transmission lines, the outer conductors of 
said balanced transmission lines being connected 
to said shell. . . . . . 

2. An arrangement for coupling an unbalanced 
coaxial transmission line having center and 
sheath conductors to a pair of transmission lines 
having inner and outer conductors operating in 
balanced relationship, Said unbalanced transmis 
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connected to the interrupted sheath conductor of 
said unbalanced coaxial transmission line on each 
side of the interruption, the other conductors of 
said further sections having adjacent ends Con 
nected to the inner conductors of said balanced 
transmission lines, the outer conductors of Said 
balanced transmission lines being connected to 
said shell. 

3. An arrangement for coupling an unbalanced 
transmission line to a balanced transmission line, 
including a conductive shell member, first, Sec 
ond, third and fourth sections of open-ended 
transmission line arranged within said shell 
member, said sections having a length. Substan 
tially equal to a quarter Wavelength at the op 
erating frequency, each of Said Sections having 
One end of one conductor thereof connected to 
Said Shell member, the other end of said one Con 
ductor of said first section being connected to 
the other end of Said. One conductor of said third 
Section and the other end of said one conductor 
of said Second Section being connected to the 
other end of said. One conductor of Said fourth 
section, the other conductors of Said first and 
Said second sections being connected in Series, 
means to connect said unbalanced transmission 
line to the conductors of Said first section at said 
one end thereof, and means to connect said bal 
anced transmission line to the other conductors 
of said third and said fourth sections at said 
other ends thereof. , 

4. An arrangement for coupling an unbalanced 
coaxial transmission line to a pair of coaxial 
transmission lines operating in balanced relation 
ship, Said coaxial transmission lines having 
center and sheath conductors, Said arrangement 
including a conductive shell member, first, sec 
Ond, third and fourth sections of open-ended co 
axial transmission line having inner and Outer 
conductors arranged within said shell member, 
Said Sections having a length substantially equal 
to a quarter. Wavelength at the operating fre 
quency, each of Said sections having one end of 
the outer conductor thereof connected to said 
shell member, the other end of the outer con 
ductor of said first section being connected to 
the other end of the outer conductor of said third 
Section and the other end of the outer conductor 
of Said Second section being connected to the 
other end of the outer conductor of said fourth 
Section, the inner conductors of said first and 
Second sections being connected in series, means 
to connect the sheath conductors of said coaxial 
transmission lines to said shell member, means 
to connect the center conductor of said un 
balanced transmission line to the inner con 
ductor of said first section at said one end thereof, 
and means to connect the center conductors of 
Said balanced transmission lines individually to 
the inner conductors of said third and said fourth 
sections at said other ends thereof. 

5. An arrangement for coupling an unbalanced 
two-conductor transmission line to a transmis 
Sion line arrangement having at least two con 
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ductors operating in balanced relationship, said 
arrangement including a conductive shell men 
ber, first, second, third and fourth sections of 
open-ended coaxial transmission line having in 
ner and outer conductors, arranged within Said 
shell member, said transmission line sections hav 
ing a length. Substantially equal to a quarter 
wavelength at the operating frequency, each of 
Said transmission line sections having One end 
of the outer conductor thereof connected to said 
shell member, the other end of the outer con 
ductor of Said first transmission line section be 
ing connected to the other end of the outer con 
ductor of said third transmission line section and 
the other end of the outer conductor of said sec 
ond transmission line section being connected to 
the other end of the outer conductor of said 
fourth transmission line section, the inner con 
ductors of said first and said second transnis 
Sion line sections being connected in series, means 
to connect the conductors of said unbalanced 
transmission line to the conductors of said first 
transmission line Section at said one end there 
of, and means to connect said two balanced con 
ductors of said transmission line arrangement in 
dividually to the inner conductors of Said third 
and Said fourth transmission line Section at said 
Other ends thereof. 

6. An arrangement for coupling an unbalanced 
concentric transmission line to a pair of coaxial 3 
transmission lines Operating in balanced relation 
ship, Said concentric transmission line compris 
ing inner and outer conductors and said coaxial 
transmission lines comprising central and sheath 
conductors, said arrangement including a con 
ductive shell connected to said sheath and said 
Outer conductors of said transmission lines, the 
connection to said outer conductor of said con 
centric transmission line being made at a dis 
tance from the end thereof substantially equal to 
a quarter wavelength at the operating frequency, 
a plurality of open-ended transmission line sec 
tions having lengths substantially equal to a 
quarter wavelength at said frequency and com 
prising tubular conductors and central con 
ductors arranged within said tubular conductors, 
one of said transmission line sections having the 
tubular conductor thereof connected to said shell 
at One end of said section and having the cen 
tral conductor connected at the other end of said 
Section to the inner conductor of said concentric 
transmission line, another of said transmission 
line sections having the tubular conductor there 
of connected to the outer conductor of said con 
centric transmission line and still another trans 
mission line Section having the tubular conductor 
thereof connected to the tubular conductor of 
Said one transmission line section, the central 
conductors of Said coaxial transmission lines be 
ing connected to the central conductors of said 
other transmission line sections. 

7. An arrangement for coupling an unbalanced 
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concentric transmission line to a pair of coaxial 
transmission lines operating in balanced relation 
ship, said concentric transmission line compris 
ing inner and outer conductors and Said coaxial 
transmission line comprising central and sheath 
conductors, said arrangement including a con 
ductive shell, connected to said sheath and said 
outer conductors of said transmission lines, the 
Connection to Said outer conductor of said concen 
tiic transmission line being made at a distance 
from the end thereof substantially equal to a 
quarter wavelength at the operating frequency, a 
plurality of tubular conductors arranged within 
Said shell, one of said tubular conductors being 
connected to said shell at one end, the inner 
conductor of Said concentric transmission line 
extending within said one tubular conductor for 
a distance Substantially equal to a quarter wave 
length at the operating frequency, another of 
Said tubular conductors being connected to the 
outer conductor of said concentric transmission 
line and still another of said tubular conductors 
being connected to said one tubular conductor, 
the central conductors of Said coaxial transmis 
sion lines extending within said other tubular 
conductors for a distance Substantially equal to 
a quarter Wavelength at Said frequency. 

8. An arrangement for coupling an unbalanced 
coaxial transmission line having center and 
sheath conductors to a pair of transmission lines 
having inner and Outer conductors operating in 
balanced relationship, including a conductive 
shell substantially a half-wave long at the op 
erating frequency, two pairs of tubular conduc 
tive members arranged within said shell, the 
members of each pair being arranged in end-to 
end relationship relative to each other and the 
ends of Said members remote from the adjacent 
ends being connected to an end of said shell, the 
adjacent ends of one pair of said conductive 
members being connected to the corresponding 
adjacent ends of the other pair, the sheath con 
ductor of said unbalanced line being connected 
to said shell to form a continuation of one of said 
members and the inner conductor thereof being 
extended into said one member and its comple 
mentary member, the inner conductors of said 
balanced transmission lines being extended indi 
vidually into the members of the other pair of 
said members, and the Outer conductors of said 
balanced transmission lines being connected to 
said shell. 

THOMASM, GLUYAS, JR. 
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