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The present invention relates to apparatus for 
the conduction and/or transmission of ultra high 
frequency energy. More particularly, the present 
invention is concerned with apparatus for effi 
cient energy coupling between a balanced Source 
and an unbalanced load, or between an unbal 
anced source and a balanced load. 
In dealing with ultra high frequency circuits, 

it is often desirable to provide an ultra high fre 
quency voltage which is substantially balanced or 
symmetrical with respect to ground. This often 
presents a problem, since many types of ultra, 
high frequency generators are arranged for pro 
viding an unbalanced output circuit as, for ex 
ample, an output circuit supplied through a co 
axial transmission line wherein a tubular shield 
at substantially ground potential forms one con 
ductor and the inner wire at relatively high volt 
age is the other conductor. In such Systems, of 
course, the asymmetrical nature of the coaxial 
line often proves disadvantageous. For example, 
it has been found that in cases where the inner 
conductor of a coaxial line is connected to one of 
the one-fourth wavelength elements of a dipole 
antenna, and the outer conductor or shield of the 
coaxial line is connected to the other of the 
one-fourth wavelength elements of the antenna, 
unsatisfactory performance of the dipole an 
tenna, results from unequal excitation of the two 
quarter-Wave elementS. 
Accordingly, it is an object of the present in 

vention to provide an ultra high frequency trans 
former for coupling an unbalanced transmission 
line or device to a balanced transmission line or 
device. 

It is another object of the present invention 
to provide ultra, high frequency transformer ap 
paratus for receiving energy from an unbalanced 
input circuit and providing a balanced output 
circuit. 

It is another object of the present invention to 
provide ultra high frequency transformer appa 
ratus for receiving energy from a balanced input 
circuit and providing an unbalanced output 
circuit. 
A further object is to provide a device for 

coupling a dipole antenna, to an unbalanced trans 
mission line in such a manner as to provide bal 
anced excitation of quarter-Wave elements of the 
dipole antenna. 

In accordance with a feature of the present in 
Wention, a reactance bridge circuit is provided in 
which alternate elements around the ring circuit 
of the bridge are inductive and capacitive react 
ance elements. Such elements may be provided 
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in compact, easily constructed form by the use 
of transmission-line sections of suitable length, 
each transmission-line section being short-cir 
cuited at one end and connected at its opposite or 
input end in the ring circuit of the bridge. The 
lengths of the transmission-line sections between 
their short-circuited ends and their input ends 
are adjusted to provide the desired reactances 
at the operating wavelength of the transfornier. 
The foregoing objectS and general description 

of the present invention will become clear and 
other objects will become apparent from the foll 
lowing description of the present invention, taken 
in conjunction with the drawings, wherein: 

Fig. 1 is a sectional plan view, Fig. 2 is a front 
elevation and Fig. 2A is a further sectional detail 
view of a transformer constructed in accordance 
with the present invention, and employed to 

2, 

couple a coaxial transmission line to a dipole 
antenna; 

Fig. 3 is a schematic diagram illustrating the 
application of parallel-conductor transmission 
line Sections to the transformer bridge arrange 
ment of the present invention; 

Fig. 4 is a reactance bridge diagram for ilius 
trating the principles of the structures illustrated 
in Figs. 1 to 3, and Fig. 4A is a vector diagram 
Showing the Voltage relations therein; and 

Fig. 5 is a front elevation, partly in section, 
of a transformer generally Similar to that of Figs. 
1 and 2, enployed for coupling a coaxial trans 
mission line to a balanced transmission line hav 
ing two parallel conductors. 

Referring now to Figs. 1, 2 and 2A, a source of 
energy is shown connected between the inner 
conductor f2 and the tubular outer conductor 3 
of a coaxial transmission line if, for supplying 
ultra high frequency energy to the quarter-wave 
portions 5 and 6 of a dipole antenna. The 
tubular outer conductor 3 usually is grounded, as 
shown at 8. According to common practice, one 
element i3 of the dipole antenna, 5, 6 inight be 
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connected to the outer conductor 3 of the trans 
mission line 4, While the other quarter-wave 
portion f6 of the dipole antenna might be coin 
nected to the inner conductor 2 of the trans 
mission line 4. As noted above, however, such 
a connection of quarter-wave portions of a dipole 
antenna, directly to the inner and outer conduc 
tors of a coaxial transmission line often results 
in inequality of excitation of the quarter-wave an 
tenna elements, and thus in impaired performance 
of the antenna. 
In accordance With the present invention, a 

compact transformer 7 is provided for receiving 
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the asymmetrical excitation from source 
through the coaxial line 4 and providing accu 
rately balanced excitation to the elements i5 and 
As of the half-wave dipole antenna. The trans 
former i comprises a tubular outer conductor 8 
having two diametrically opposite openings 9 and 
2; midway between the ends thereof, for clear 
ance of the dipole antenna. 5, 16. Between the 
openings S and 2 there is provided a further 
opening 22 for receiving the outer tubular con 
ductor 3 of the coaxial transmission line 4. A 
rigid, electrically conductive junction of the tubul 
iar outer conductor 8 and the tubular Outer Con 
ductor 3 is provided, as by soldering these ele 
ments together at the opening 22. 
A conductive member 24 having a disc end 25 

and an axially extending portion 26 having a 
length of substantially three-eighths the Wave 
iength of source is provided within one end of 
the tubular outer conductor 8 of transformer T. 
A cylindrical recess 2 is formed in the end of 
extension 23 of the member 24 to a depth Sub 
staintially equal to one-eighth the wavelength of 
Source f. Another conductive member 3 is pro 
vided in the opposite end of the tubular Outer con 
ductor 8. The conductive member 3 has bored 
therein a cylindrical recess 32 of a depth. Sub 
stantially equal to three-eighths of the wave 
jength source , and the member 3, along a Sub 
stantially one-eighth Wavelength portion 33 there 
of, is turned down to a reduced diameter which 
(nay be equal to the outer diameter of the axial ex 
tension 26 of member 24. 
A further conductor Such as a stiff wire ele 

inent 35 is seated in a suitable Socket 36 in the 
rismber 25 and a Suitable opening 37 in the mem 
iser 3, and serves as an electrical conductive con 
nection between these pointS. Conductor 35 is 
connected to the inner conductor - f2 of coaxial 
ine 4 at a junction 4. 
The transformer described above forms two co 

axial transmission-line Sections three-eighths 
wavelength long and two further coaxial trans 
mission-line Sections one-eighth wavelength long, 
each having an input end at the middle of trans 
former and being short-circuited at its oppo 
site end. The first three-eighths wavelength 
transmission-line Section, designated I, comprises 
the outer cylindrical Surface of the axial-exten 
Sion 26 of member 24 cooperating, as an inner 
conductor, with the portion of the tubular outer 
conductor 8 extending to the left of the coaxial 
line 4. The short-circuiting connection between 
inner conductor 26 and Outer conductor 8 of this 
three-eighths wavelength transmission-line sec 
tion is provided by the disc end 25 of the member 
2i. The Second three-eighths wavelength trans 
tnission-line section, designated II, comprises the 
portion of conductor 35 extending to the right of 
inner conductor 2, cooperating with the cylindri 
cal bore 32 in the member 3 which forms the 
Cuter conductor therefor. 
The third coaxial transmission-line Section III, 

characterized by a length equal to one-eighth of 
the wavelength of Source it, comprises the por 
tion of the inner conductor 35 extending to the 
left of the junction 4, in cooperation with the 
cylindrical bore 2 in the extension 26 of the 
Anember 24. The fourth coaxial transmission 
line Section IW has as its inner conductor the re 
duced-diameter portion 33 of the member 3, in 
cooperation with a coextensive portion of the 
Oliter conductor 8. 

It will be noted that the input end of coaxial 
transmission-line Section III is connected be 
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4. 
tween the inner conductor of the transmissioni 
line Section II and the inner conductor of trans 
ruission-line Section I. It will be seen also that 
the input end of transmission-line section IV is 
connected between the outer conductor of trans 
mission-line section II and the outer conductor of 
tile tiansmission-line section I. 
From the foregoing description, it will be seen 

that the outer conductor 3 of coaxial trans 
mission line 4 is connected to the junction be 
tween the outer conductor of transmission-line 
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Section I. and the Outer conductor of the One 
eighth wavelength transmission-line Section IV. 
Also, the inner conductor 2 of the coaxial line f4 
is connected to the junction 4 of the inner con 
ductor's of transmission-line Section II and the 
one-eighth wavelength transmission-line section 
II. A first output terminal of the transformer 

it is provided by the junction between the inner 
conductor of Section I and the outer conductor 
of Section III, this junction being the end of the 
axially extending portion 26 of member 24. As 
Shown, One of the quarter-Wavelength elementS 8 
of the dipole antenna, 5, 6 may be connected, as 
by a Soldered joint, to this annular junction be 
tween Sections I and III. A second output iter 
minal of transformer is the similar annular 
junction between the outer conductor of trans 
mission-line Section II and the inner conductor of 
transmission-line section IV, to , which is con 
nected the other quarter-wavelength element i5 
of antenna. 5, 6. 
The operation of the apparatus shown in Figs. 1 

and 2 is better, understood by reference to the 
equivalent circuits in Figs. 3 and 4. In Fig. 3 is 
shown a transformer substantially equivalent to 
tilat illustrated in the sectional view of Fig. 1, but 
comprising three-eighths wavelength two-wire or 
parallel-conductor transmission-line sections I' 
and II' and one-eighth wavelength parallel-con 
ductor transmission-line sections III' and IV'. 
The transmission-line sections I’, II, III and 

IV - are arranged with their input ends closely 
adjacent in a compact configuration, and are 
short-circuited at their remote ends by connec 

The one-eighth wavelength trans 
mission-line Section III' is connected between a 
first input terminal of the transmission-line sec 
tion I" and a first input terminal of the trans 
mission-line Section. II". The transmission-line 
Section IV' is similarly connected between the 
Second input terminal of the transmission-line 
Section I and the second input terminal of the 
Section II. 
With the above connections, the transmission 

line Sections I", III, II' and IV are connected 
consecutively in clockwise order in a ring circuit 
or bridge having a first pair of opposite junction 
points 45 and 46 between transmission-line sec 
tions I' and III' and sections II and IV, re 
Spectively, and a second pair of opposite junction 
points 4 and 48 between transmission-line sec 
tions I' and IV' and sections II' and III', re 
spectively. 
The unbalanced source f', which may have 

one terminal 49 connected to ground, is con 
nected to one pair of opposite junctions 4 and 
48 to deliver energy to the transmission-line 
bridge transformer T, while the other pair of 
opposite junctions 45 and 46 is connected to a 
balanced load 5, here represented as a resistor 
of which a center-tap or midpoint could be 
coupled through a leakage path to ground. 
By comparison of Fig.1 with Fig. 3, wherein 

corresponding transmission-line sections bear 
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similar Roman numeral designations, except 
that those of Fig. 3 are given a prime mark, the 
circuit interconnection of the four transmission 
line Sections embodied within the transformer 

is made readily apparent. 
The operation of the transformers of FigS. 1 

and 2 and Fig. 3 is best understood by reference 
to Fig. 4, wherein is shown a bridge circuit em 
bodying capacitor I', inductor III'', capacitor 
II' and inductor IV' connected consecutively in 
clockwise order around a ring circuit and form 
ing tWO pairs of opposite junctions 45, 45' and 
47, 48' of a bridge. 
An unbalanced or asymmetrical source '' is 

shown connected to one pair of opposite junc 
tions 47 and 48, while a balanced load 5 f' is 
shown connected to opposite junctions 45' and 
46. As is well known, a short-circuited trans 
mission-line section one eighth Wavelength long 
presents an inductive reactance equal in magni 
tude to the characteristic impedance of the 
transmission line. Similarly, a short-circuited 
transmission-line Section three-eighths wave 
length long presents an input impedance which 
is capacitive and which is equal in magnitude to 
the characteristic impedance of the transmission 
line. Thus, the equivalence of the bridge circuit 
arrangement shown in Fig. 4. With the trans 
formers shown in FigS. 1 and 2 and Fig. 3 Will be 
readily appreciated. 

Preferably, the ratio of diameters of the inner 
and outer conductors of coaxial transmission 
line sections I and IV in Fig. 1 is made equal to 
the diametral ratio of the inner and outer con 
ductors of coaxial transmission-line Sections II 
and III. The impedances presented at the input 
terminals of these short-circuited transmission 
line sections are then all reactances of equal 
magnitude, those of sections I and II being ca 
pacitive, and thus of opposite sign to the induc 
tive reactances of Sections III and W. Accord 
ingly, adjoining transmission-line sections I and 
III form a first Series-resonant circuit connect 
ed across transmission line 4, and sections II 
and IV form a second series-resonant circuit 
similarly connected. 
From a study of the equivalent diagram of Fig. 

4, it is readily seen that if reactances I'', I'', 
III' and IV' are all of equal magnitude, then the 
currents flowing through all of the reactance ele 
ments Will be of equal magnitude. The voltages 
et, eII, eIII and eIV across the reactance ele 
ments are of equal magnitude also. As Seen in 
Fig. 4A, the vector Sum of Voltages eI and eIII 
is equal to the vector voltage es applied by the 
Source f'. Similarly, the vector Sum of Wolt 
ages eIV and eII is equal to the Source Woltage 
es. The voltage e1, across load 5' is given by 
the difference of the vector Voltages across two 
reactance elements adjacent one of the source 
terminals, e. g., the difference of the voltages 
ever and eIt acroSs inductance IV' and capaci 
tance I'. This is seen in Fig. 4A, where 

eLeew P-ev 

Thus, by the equivalence of the diagram in 
Fig. 4 to the transformers of FigS. 1, 2, and 2A 
and Fig. 3, it is seen that the transmission line 
transformers provide balanced output from an 
unbalanced source, or, more generally, Serve to 
couple an unbalanced device to a balanced de 
Vice. 

It should be noted that While FigS. 1 and 2 ill 
lustrate the use of the transformer as a cou 
pling device between an unbalanced source and 
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a balanced load, this coupling device is equally 
useful for coupling a balanced source to an un 
balanced load. For example, if the dipole an 
tenna, 5, 6 is employed for receiving signals 
from a distant transmitting station, and the 
Coaxial transmission line 4 is connected to the 
Unbalanced input terminals of a receiver, the 
transformer then functions for supplying 
energy from a balanced source (antenna 5, 6) 
to an unbalanced load. Similarly, the source 

in Fig. 3 and '' in Fig. 4 may be replaced by 
a Suitable energy utilization device, which may 
be grounded at One terminal thereof, and the 
balanced load 5 or 5 may be replaced by a 
balanced source, the transformer or 7 re 
maining effective as a coupling device Without 
tending to impair the balanced condition of the 
SOce, 

In Fig. 5 is shown an arrangement generally 
similar to that shown in Figs. 1 and 2, with the 
exception that a two-wire shielded cable 6A, hav 
ing tWO inner conductors 62 and 63 enclosed 
within an outer shielding tubular conductor 64, 
is shown joined to the transformer and 
Coupled thereby to the coaxial transmission line 

. 
It Will be noted that one conductor 62 of the 

two-wire transmission line 6 is connected to the 
junction between coaxial transmission-line sec 
tions I and III, while the other conductor 63 is 
Connected to the junction between coaxial trans 
mission-line sections II and IV. Thus, the con 
(ductoi's 52 and 63 are connected in place of 
quarter-Wave elements 5 and 6 of the dipole 
antenna, illustrated in Figs. 1 and 2. 
The shielding conductor G4 may be joined to 

the tubular outer conductor 8 of transformer 
A at an opening opposite the junction of the 
Conductor 8 with conductor 3. Either trans 
mission line is or transmission line 4 may be 
Coupled to an energy utilization device, the other 
transmission line being coupled to a suitable 
Source of energy. Thus, the transformer is 
Suitable for coupling an unbalanced source con 
nected to transmission line 4 to a balanced load 
connected to transmission line S, or for coupling 
a balanced source connected to line 6 to an un 
balanced or asymmetrical load connected to 
transmission line 4. 
AS one illustration of the operation of the 

structure shown in Fig. 5, for example, a re 
ceiver 8 may be connected to the inner and 
Outer conductors 2 and 3 of the coaxial trans 
mission line 4, and a dipole receiving antenna 
2 may be connected to the conductors 62 and 

63 of the transmission line 6. 
It Will be readily apparent that the transmis 

Sion line Sections I, II, III and IV could be made 
in other lengths than those illustrated without 
(departure from the principles of the present in 
Vention. For example, sections I and II could 
be made five-eighths wavelength long and sec 
tions III and IV could be made three-eighths 
Wavelength long; or sections I and II could be 
made Seven-eighths wavelength long and sec 
tions III and IV could be made five-eighths wave 
length long. Thus the lengths of the transmis 
Sion-line Sections may be chosen from a wide 
Variety which are known to provide reactive in 
put impedance and accordingly to satisfy the 
requirements of an inductance-capacitance 
bridge as illustrated in Fig. 4. 
AS Yany changes could be made in the above 

Construction and many apparently widely dif 
ferent embodiments of this invention could be 



2,484,028 

inade without departing from the scope thereof, 
it is intended that all matter contained in the 
above description or shown in the accompanying 
drawings shall be interpreted as illustrative and 
not in a limiting. Sense. 
Wat, is claimed is: 
1. Apparatus for coupling a device for Supply 

ing radio energy of a predetermined, waveleEngth 
to a utilization device therefor, corinprising a 
bridge circuit having four elements connected in 
a ring circuit to form two pairs of opposite junc 
tions, each element consisting of a transimission 
line section; adapted to present a reactive input 
impedance with successive ones of Said', trans 
mission-line sections around said ring circuit be 
ing alternately constructed for capacitive input 
reactance and inductive input reactance, Oile of 
said transnaission-line sections comprising a first 
coaxial transmission-line Section having an in 
ner conductor and a coaxial outer conductor, and 
an adjoining one of said transmission-line Sec 
tions around said ring circuit comprising a fur 
the coaxial tra, Srinission line Serially connected 
to and arranged coaxially with said first coaxial 
line section, means for connecting Said energy 
supplying device to one of said pairs of opposite 
junctions, and means for connecting Said utiliza 
tion device to the other of said pairs of Opposite 
junctions. 

2. A bridge circuit for Operation at a prede 
termined wavelength, comprising four impedance 
elements connected in a ring circuit to form tWO 
pairs of opposite junctions, each element coil 
sisting of the input terminals of a transmission 
line section short-circuited at itS Opposite end, 
the successive transmission-line Sections around 
said ring circuit being respectively one-eighth 
wavelength long - and three-eighths. Wavelength 
log, means for applying a voltage of Said pre 
determined wavelength between one pair of Said 
opposite junctions, and utilization means coupled 
to the other pair of Said, oppoSite junctions. 

3. Ultra high frequency apparatu.S. comprising 
first, and second transinission-line. Sections of a 
first length, each short-circuited at one erad and 
having first and second, input terminals at the 
opposite end, third and fourth transmission-line 
sections of a second length, each short-circuited 
at one end and having a pair of input terminals 
at the opposite end the input terminals of Said 
third transimission-line section being connected 
to the first, input terminals of said first and Sec 
ord transmission-line. Sections, respectively, and 
the input, terminals of said fourth transmission 
ire section being connected; to the Second inlit isi, 
terminals of said first and: Second transmission 
life sections, respectively, means for applying 
ultra high frequency voltage between the second 
input terminal of said first-transmission-line Sec 
tion and the first input terminal of Said Second 
transmission-line section, and means for utiliz 
ing a voltage produced between said first input 
termina of said: first transmission-line Section 
and said second input terminal of Said Second 
transmission-line section. 

4. A bridge circuit for operation at a prede 
termined Wavelength, comprising a first induc 
tive in: pedance element and a first capacitive 
impedance element connected in series, said first 
inductive impedance element and said first ca 
pacitive impedance element comprising two co 
axial transmission-line's Sections formed by an 
axial conductor, a first tubular conductor coaxial 
thereWith and a second tubular conductor coaxial 
With said axialt conductor and Said-first tubular 75 
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conductor; a second inductive impedance ele 
rent and a second capacitive impedanee element 
connected in series, said second inductive imped 
aice element. and Said second capacitive impede 
ance element comprising... two-, further coaxial 
transmission-line sections formed: by a further 
axial conductor, as further tubular conductor 
coaxial there with, and a still-further tubular cons 
duetor: coaxial with said further conductors; 
means conneeted at one junction to Said, first 
capacitive impedance-element, and to said second 
inductive impedance-eleFinent, and at an opposite 
junction to said first inductive impedance ele 
ment: and to said Second capacitive in pedance 
eierient, and a utilization device coupled to a 
junction internaediate said first in pedance ele 
nents and to a junction intermediate Said Second 
impedance elementS. 

5. Ultra high frequency apparatuS. comprising 
a coaxial transmission line, a balanced tWO-Wire 
tiaismission line, and a Shielded... transformer 
device. for, transferring ultra, high. frequency 
eargy between said coaxial line and Said ballr 
areed line, while maintaining the Outer. Conduc 
to. of Said-coaxial line at equal Voltage difference 
fronti.e. voltages, of. the two wires of Said balls 
aheed lie, said: transformer Comprising : a Wire 
extending. transversely of Said coaxial line...and 
connected at an intermediate point, thereon...to 
the inner conductor of said, coaxial line, two 
tubulia'. conductors connected to Said Wire atop 
posite. ends... thereof, and extending toward the 
iainer conductor of said coaxial line and having 
ads spaced from said-inner conductor, Said ends 

being connected...to. Said two wires of said bal 
anced-line, and a-tubular outer conductor. coaxial 
with said two tubular. conductoi's and said Wire 
and forming an outer: Shield: therefor, Said tub 
liai...outer conductor being bonded to the Outer 
conductor. Of Said coaxial-line. 
6. Ultra-high-frequency, apparatus, comprising 

an electically asymmetrically coaxial transmis 
sion-liae having a tubular. shielding Outer Con 
ductor, an electrically symmetrical load, and an 
ultra-high-frequency. transformer device having 
a tubular shielding outer conductor Secured to 
the outer, conductor of said coaxial line the axis 
of said coaxial transnission line being perpen 
dieular to the axis of said tubular shielding Outer 
conductor, said transformer device further Com 
prising, a closed, ring, network of serially-con 
nected, transmission-line impedance elements of 
substantially, parallel: , energy-propagation axes 
formed within said transformer: outer conductor, 
said device, being rigidly supported by Said-co 
axial line and connected to Saids load for pro 
viding symmetrical coupling; of Said load to Said 
transmission line, and for transferring energy be 
tween said: load, and Said, coaxial transmission 
line. 

I. : An ultra, high frequency inetwork comprising 
an inductive reactance, element, and a capacitive 
reactance element, in series, one-of-said 'reactance 
elements comprising an inner conductor and a 
first tubular conductor coaxial therewith and 
forming with said inner conductor a first: coaxial 
transEilission.line, means providing: a low-in 
pedance. ...current conduction path between Said 
inner conductor and said first tubular conductor, 
the other "of. Said reactance, elements comprising 
a seco-Ed tubular conductor, of inner diameter 
exceeding the outer diameter of said first tubular 
conductor and forming. With . Said, first tubular 
conductor, a 4 second'.' coaxial: ; transmission line 
section, said second transmission:line section in 
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cluding means therein providing a low-imped 
ance current conduction path between said first 
tubular conductor and said second tubular con 
ductor, said first tubular conductor having an 
open end an appreciable distance from the said 
current conduction path means in said first and 
Second transmission line sections, and means for 
Supplying radio frequency potential between Said 
inner conductor and said second tubular conduc 
tor at points thereon adjacent said open end of 
Said first tubular conductor, the length of the 
transmission path between Said open end of Said 
first tubular conductor and one of said current 
Conduction path means being shorter than an odd 
number of quarter wave-lengths by an amount 
appreciably less than one-quarter Wavelength, 
and the length of the transmission path between 
Said open end of Said first tubular conductor and 
the other of said current conduction path means 
being greater than an odd number of quarter 
Wavelengths by an amount appreciably less than 
one-quarter Wavelength, 
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8. An ultra high frequency network as defined 

in claim 7, wherein said inductive reactance ele 
ment and said capacitive reactance element have 
equal reactance magnitudes, whereby said first 
and Second transmission line Sections serve as 
a Series-resonant circuit. 
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