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"The present invention relates to radioﬂfrequen-
¢y-transmission ‘lines “and -more -particularly.:to
transmission -lihe-arrangéments for - -coupling-a
single ended or unbalanced:line to a balanced or
push-pull transmission  line-arrangement.

(CL 178—44) -

-An-object-of ‘the present invention-is the: pro- -

vision: of & wide band-balanceto-unbalance: cou-
pling- .dévice or“balun.” -

 ~ Another ohject-of ‘the present inventlon is the
provision-of ‘means’ for- coupling-d-single- ended

10

or -unbalanced. transmission line -to a. pail:of -

transmission 'lines operatmg in-a - balanced or
push=pull relationship,

A further object -of “the- present: inventlon As
the-provision of a couphng arrangement as afore-
-said which not only-is balanced-over-a-wide band
of “frequencies, -but- which 4s~also- reﬁectlonless
-over-said-band.

~-Stil} -another -object -of - the- present mventlon
is-the- provision of a “balun” operatlve ove1 2
‘wide band of- frequencles

Fhe:foregoing -6bjects -and others whlch may
appear from the following detalled.-description
-are~attained - by - providing -a:balance-to-unbal-
-ahce-¢oupling arrangement. in:which :series..re-
actance-are inserted in:the:balanced line circuit
to-compensate: for-the reactive components:in~
troduced-in the coupling circuit.as the frequency
departs--from the-assigned:value. : The.present

invention-will ‘be more fully understood by .ref- F

erence-to. the following: descrlptmn wh1ch is ac-~
companxed by:a:drawing:in which: .

“PFigure 1. illustrates:in. sectmnal View;sa’ form
of:balance-to-unbalance coupling device hereto-
fore:known . in ‘the prior.art; while:Pigure:2.il-

lustrates in-diagrammatic form:an.equivalent cir- -

cuit-for: the ““balun”.of -Figure. 1;-Figure 32il:
Justrates in cross-section;the. application- of :the
‘present:invention to a balance~to-unbalance:cou-
-pling.arrangement; while:-Figure -4 shows:in dia-
grammatic -form, the:-circuit: equivalent of the
arrangement of -Figure:3. -

:Referring-now to:Figure 1, there is: shown an
unhalanced transmission ,11ne, TLyincluding:an
inner.conductor 10.and-a-conductive outer-sheath

A2-concentrically..arranged- about conductor 0.

JThe ‘transmission line. TLs -enters:a:conductive
-.hex or cuter sheil 14 at one:end. -A-further pair
of .transmission lines TLz.and 'TLs, operating in
a. balanced -or..push-pul] relatlonshlp, enter .one

side-of  the box.or;shell .14, The shell 14 -is-en~ .

tirely- closed except where the various transmls-
sion lines enter. . The. transmlssmn line ;TTez:in-
ccludes.an inner conductor. 20-and.a; surroundmg
outer.sheath 22, .while line TL3 inclydes-an-inner
conductor 2{ -surrounded ‘by.another -sheath, 23.
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The outer sheaths 22 and 23:are:shown:as-ex-
tending: only @ ~short distance ‘over:the:inner
conductors, “but «in::practice ‘would entirely:.en-
close’inner: conductors-20:and: 2l from the ‘bal-

: ance converter to the load 15..

“'The-transmission line TL; has its outer sheath
12 extending into the:-shell: 14;. 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 w1th- ex-
tension 32 :is .4 cylindrical -conductive ‘member
33,:also/ohe-qguarter: of the: ‘operating:wavelength
long.and -connected -at :its ‘end :rémote from the

5 eng-of:membér 32-to outer:shell :44; ~The innef

‘conductor ‘10.-of transmission:line:TLyextends
into the tubular-member 33, a-distance-equal:to
-one-quarter -of ‘the:operating.:wavelength:and is
terminated «in :an.electrical .open. circuit. - These
members:32-and: 33 -are electrically -~ inverted
images: ofs one-another. : At the: -adjacent endsof
‘members 32:and 33; at points A-and B;of:high-
est instantaneously-equal and :oppésite spoten-
tials, the conductors 20 and: 2I -of ‘the balanced
clrcmt are connected. -

“The: reactance ‘provided : by the tubular ‘con-
«ductor.33. and the extension: of .inner-conductor
18 ;therewithin -provides':a..series Teactance ele-
ment:: X1, :shown-diagrammatically :in: Figure: 2,
‘which aver :a reasonably. wide band.of: Afrequen-
‘cies:nearly.cancels:the reactive.componerit;of the
:parallel:combination formed: by the load 15-and
-the::anti=resonant. cireuits : formed by conduc-
‘tors 32 and: 33:within the outer.shell :14. .In Fig-
‘ure2;ithese reactances.are illustrated:in: dlagram—
‘matic.form as.reactances:Xa.  The:added:react-
-ance :Xi-of Figure 2. representatwe of:;the series
reactance cof ‘tubular: wconductor 33 :and +inner
‘dondyetor. 10:.also: acts. to:tune. out-any residual
-rea¢tance:in:the:cireuit:such as may be: caused
JBy:the:short-unshielded lengths of:conductors 10,
-20:and 24 within-the:shell 14. These reactances
are.indicated:in'Fignre 1 as reactance Xs. . |

. Nowitzcan:be:seensthat the: equivalent circuit
rshown in Figure.2:is:not completely: compensated.
-If-the.circuit-elements :indicated-by Xz add:-sus-
-ceptance :fo :the load,:the :input resistance.-will
-have:ia-yalue:lower thanthe. load resistance and
ithe:source: impedance will:no longer -he-matched
by the:load;:thus causing  standing :waves:to be
set up in transmission line TLy. This i is:true:even
though:ithe: -equivalent series reactance is.com-
:pensated by Xi. -In :order to:avoid.this undes

ssirable. effect, the arrangement, -according:fo: my

1nvent1on s shqwn dn:Figure 3;:may:be: used::
«{{Fhe:elements: of :Figure 3: which: Lcorréspond: bo
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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 21 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

TLz 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

15

reactance element formed by conductor 2i and
tubular member 43 are effectively in series with -

the load 15. At the operating frequency these
open ended quarter wave lines act as though
they were short circuited at the mouths of tubu-
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 X
is ehosen approximately equal in value to the re-
dctance X1, and the sum of the reactances of
X: and X3 is chosen equal in value to the re-
actance added by susceptance Xz, the input at
TTLy 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
-end 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
beéing 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-
‘anced transmission lines, the outer conductors of

said balanced transmission lines being connected -

to said shell. : -
-1 2. An arrangement for coupling an unbalanced
.coaxial transmission line having center and
sheath conductors to a pair of transmission lines

having: inher 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 cuter 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 af 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
coaxigl 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 oufer conductor thereof connected to said
shell member, the other end of the oufer 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 oufer conductor
of said second section being connected to the
other end of the outer conductor of said fourth
section, theé inneér conductors of said first and
second sections being connected in series, means
to connect the sheath conductors of said eoaxial
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 fransmission lines individually to
the inner conductors of said third and said fourth

_sectibns at said other ‘ends thereof.

5. An arrangement for coupling an unbalanced

‘two-conductor transmission line to a transmis-

sion iline arrangement having at least two con-
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5 .
ductors operating in balanced relationship, said
arrangement including a conductive shell mem-
ber, first, second, third and fourth sections of
cpen-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 transmis-
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. i

6. An arrangement for coupling an unbalanced
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 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 g dis-
tance from the end thereof substantially equal to
a quarter wavelength at the operating frequency,
a plurality of open-ended transmission line sec-
tlons 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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~econcentric transmission line to a pair of coaxial

transmission lines operating in balanced relation-
ship, said concenfric transmission line compris-
ing inner and outer conductors and said coaxial
transmission line comprising central and sheath
conductors, said arrangement including a con-
duetive shell, connected to said sheath and said
outer conductors of said transmission lines, the
connection to said outer conductor of said concen-
tric 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 freguency, 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 g 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.

THOMAS M. GLUYAS, Jz.
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