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The present invention relates to transmission
line systems and, more particularly, to such sys-
tems for feeding a single antenna af two widely
spaced frequencies.

.‘An object of the present invention is the pro-
vision of a novel system for feeding and match-
ing an antenna to a transmission line over two
widely spaced frequency bands.

. Another object of the present invention is the
provision of a system as aforesaid which permits
the use of any desired type of matching section
in the branches of the circuit.

A further object of the present invention is the
provision of a single small antenna for use On
two widely spaced frequency bands.

Still a further object of the present inventicn
is the elimination of the necessity for using a plu-
rality of antennas on aircraft.

The foregoing objects and others which may
appear from the following detailed description are
attained by providing a reentrant branched
transmission line circuit from a transmitter ca-
pable of operating on & pair of different fre-
quencies to a single antenna. The branches of
the transmission line are so arranged that energy
of one fregquency passes entirely through one
pranch of the system while energy at the other
frequency -passes through the other branch.
Thus, each branch may contain its own individual
impedance matching circuits for matching the
antenna to the feed line from the transmitter.

The present invention will be more fully under-
stood by reference to the following description
which is accompanied by a drawing in which ref-
erence number 10 denotes an antenna which is to
be fed by means of transmission line TL with one
of two frequencies M1 and A2 from a transmitter
(not shown) = Antenna {8, while illustrated as
a two-frequency stub antenna of the type de-
seribed in more detail in my copending applica-
tion #636,932, filed December 22, 1945, need not
necessarily be of this type. A simple stub anten-
na may be used if desired.

The following description will be  generally
prédicated on the assumption that a simple stub
antenna is used. Any one interested in a further
elucidation of the principles of operation of the
two-frequency stub antenns is referred to the
more complete description appearing in the co-
pending application referred to above,

The transmission line TL contains a pair of
reentrant branches TL:1 and TLs connected in par-
allel relationship between points @ and d. The in-
ner conductor 28 splits into conductors 2] and
22 at point @ and then again comes together in
a single conductor at point d. Branch TLi con-
tains a short-circuited series line section 15, hav-
ing a pair of parallel inner conductors 16 and
i1, each a quarter wave long at the frequency Az
which is the frequency adapted to be passed

[+

20

2
through the other branch of the network. Con-~
duetors I6 and 17T are connected together and to
the outer shell I8 of the line section [5 at one
end and connected in series with the inner con-
ductor 2i of transmission line TL at their other
ends. Conductor 21 then passes through an im-
pedance matching section M designed to match
the impedance looking out of the matching sec-
tion 15 to the impedance at the input of & second
series line section 25 at the frequency M. .-The
second short-circuited series line section 29, like-
wise having short-circuited quarter wave inner
conductors 6 and {71 and an outer casing 18
sdentical in dimensions and arrangement to the
short-circuited series line section 15, follows the
matching section Mii. From the second series
section the transmission line TLi again enters
the main transmission line TL at point-d and
proceeds to the antenna 8. Branch TL2 has the
same reference numerals as applied to branch
TLy but primed in order to indicate that the con-
struction is generally similar but the actual di-
mensions are different. That is, the short-cir-
cuited series line sections 15 and 25’ are designed
to present high impedance at frequencies which
are adapted to be passed by the line TLi. The

" matching section Mxz is designed to match the
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impedance looking out of short-circuited line sec-
tion {5’ into the short-circuited series of line
section 25’.

In considering a signal of wavelength A1 ap-
proaching the junction at (g) from the - direc-
tion of the transmitter, the signal will take the
richt-hand branch at (@) into transmission line
seetion TL: for the following reasons: ]

Looking into TLz from (a) is seen a very high
impedance due to line section 18’, which, being
shorted at its far end and one guarter wavelength
long at A1, presents a very high impedance in
the direction from (a) to 18’ :

Tooking into the right-hand branch TLe is
seen a matched impedance of the system

a—15—Mr1—286—d

since the matching section MA\: is designed to
match the impedance of the entire system beyond
the matching section to the system consisting of
the line section 5 in series with the transmission
line TL leading from the transmitter. The trans-
mitter is of course assumed to be matched to the
main transmission line TL.

Therefore, all or almost all of the current en-
tering the junction (a) at the wavelength M
takes the right-hand branch passing in turn
through the line section {5, through the match-
ing section M1, through the line section 25,
through the junction (d) at the base of the an-
tenna and into the antenna 10. At the junction
(d) almost all of the current passes into the an-
tenna since there is a very high impedance look-
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ing in the direction from (d) to the line section
25, this line section being identical with line
section 15 and:presenting a very high.impedance
- -to energy-at'a-wavelength A; thereby preventing
circulating current in the branch circuit.

In similar manner it is evident that at the
wavelength Az all or almost all of the eurrent will -

- g0 through transmission line TLz to the antenna

{0, the line sections 15 and: 25 being: shorted:
quarter wave lines at this ‘wavelength -and-con--

sequently presenting high impedance at the junc-
tions (@) and (d).

Further, this system has compensating fea-
tures which result in wider pass band in the- vi-
cinity-of the two wavelengths A1 and Az than are
obtainable: with heretofore used: methods;. Sup-.
pose;-for example, that the antenna is a.con-
ventional: series- stub antenna, it -will' present a
capacitive reactance to the transmission line at
irequencies below rescnance and an inductive re-

actance :at frequencies above resonance. . At the:
wavelength-\1 the antenna is fed through branch

TLi. The line section TLs which at this wave-
length: is less -than a quarter wavelength long
“introduces.an indictive reactance in series with
the antenna at point (d).. This inductance tends
to-cancel -the -capacitive reactance of the an-
tenna. Thus;- it is:- easier -to match the system

between - matching section M\i- and antenna {0

to the transmission-line TL through-the matching
section  MXi. Also matching section M)\; is: effec-
tive:-over- a -broader band of: frequencies than
would otherwise be-possiblé.: Conversely for short
wavelength' A2 -at- which
through -the lefthand branch TLa, the line -sec-
tion 26 -which: at-this wavelength is more than

a-quarter wavelength long introduces-a capaci--

tive reactance in series with -the-antenna. This
capacitance-tends to cancel the induective react-
ance of-the antenna making the system easier to
match- by means-of matching circuit Mg, mak-

ing the matching circuit effective over a broader

band -of frequencies.-

Although-the-present invention has been dis-
cussed particularly with reference to an - unbal-:
anced antenns - and" a -coaxial line - system,- it
should not be  presumed that-this method is re-:
stricted thereto. The-same matching system: may
of-course be:equally well used with balanced an-
tennas fed by -means:of shielded ‘or.-open-wire
two conductor balanced lines:

While T have-illustrated: a particular embodi--
ment of the present invention, it should be clearly-

understood- ‘that- it is not limited thereto since
many. modifications may be made in the several
elements-employed-and in their srrangement and
it is therefore  contemplated to cover any such
modifications as fall within the spirit and scope
of the invention.

What is claimed is: .

1. ‘An antenna. feed line system for. operation
at two frequencies including a -branched reen-
trant _transmission line from. a source of ‘energy.
ab. said frequencies to g single’ anténna, each
branch of said transmission line including g first
and a second short-circuited series line: section,
the line. sections in.each.branch presenting. a.
high“impedance to. a. different. one .of said" fre-
quencies, a series matching -section _interposed
between said series line. sections in each. branch,
said matching sections serving to match the im-
pedance of the first of said line. sections to the

the  antenna is fed:
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impedance of the second of said line sections and
said antenna at the one of said two frequencies
to which the line.sections in said branch do not
present’s high-impedance:

2. An antenns feed line system for operation
at two frequencies including a branched reen-
trant transmission line from a source of energy
at said frequencies to a single antenna, each
branch:of said:transmission line including an in-

ner-conductor--and outer shell and each branch

of said transmission line including a first and a
second .shert-circuited series line section, the line
sections in each branch presenting a high im-
bedance to a different one of said frequencies,
a series matching section  interposed in each
branch: between -said: seriesline sections,.. said
matching sections each serving: to match the im=:
pedance. of the. first:of said line sections. to.the:
impedance of the second of said line:sections:
and.said antenna at the other of said two .fre-
quencies; said series line sections each including 3
pair of parallel conductors within an outer sheli;:
said conductors each having: a :length:equal.to
an odd multiple including unity of a quarter wave-
length at-the frequency to which it.is.to ‘present:
a high impedance, said econductors being. connect-
ed together and to said -shell at one pair of ad<
jacent ends, the other ends. being-connected-in
series with- the inner conductor. of its branch;

3. An antenna feed line system for operation:
at two- frequencies. including a branched reen-
trant-transmission- line from a source .of energy
at said frequencies to a single -antenna; each
branch of said transmission line including: means
presenting a high impedance to a différent one
of-said frequencies, each branch also including
a series matching section; each of said matching
sections serving-to match the impedances in each:
branch-for the frequency which it is to pass.

4.-In -an -antenna feed- line system for opera-
tion at two frequencies including 4 branched re--
entrant transmission -line from- a source of en-
ergy at said frequencies-to a single antenna, said-
transmission line including an “outer shell and

& inner-conductor and each ‘branch of said trans-

mission-line including impedance elements pre--
senting a-high impedance to one of said fre-
quencies ‘and ‘having s minimum effect on-the
other-of said frequencies; said impedance ele-
ments: including a pair of parallel conductors:
within an-outer-shell, said conductors-each hav--
ing a length equal to an odd multiple: including
unity of & quarter- wavelength at the ‘frequency
to which it‘is to present a high impedance; said
conductors:being: connected ‘together and to said
shell‘at one pair of adjacent ends; the other ends'
being -connected in-series' with the inner con-
ductor of its branch.
ROBERT S. WEHNER,"
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