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~ UNITED STATES

1,934,602

PATENT OFFICE

o 1,934,602
SELECTIVE ANTENNA CIRCUIT

"George W. Gilman, Lawrenceville, N. J., assignor -
' to American Telephone and Telegraph Com-
pany, a corperation B8f New York

Application October 6, 1932. Serial No. 636,597
24 Claims. - (CL 250—33)

This'invention relates to selective antenna cir-
cuits and is & further development of the inven-
tions disclosed in my applications, Serial No.
480,246, filed September 6, 1930 and Serial. No.

5 569,778, filed October 19, 1931. - . )

.. The purpose of the invention is to devise an
antenna system operative on different frequen-
cies and so connected that the frequency of the
entire station may be changed simply by chang-

10 ing the frequency of the wave used. .

Another purpose is to accomplish this without
the use of mechanical or electrical switching
means calling for any moving. parts. i

More specifically the purpose of the invention

15 is to devise circuit arrangements by which, and
in which, the antenna shall at all times be opera-

tive for any or all of a number of chosen operat- = i
“ end.and short=circuited at the other, and is of a

ing frequencies either as a transmitting or a re-
ceiving antenna under such conditions that there
90 will be impedance matching between: different

portions of the. circuit for each of the operating

frequencies, there will be proper impedance ter-
minations to prevent undesirable reflections, and
there will be prevention of ftransfer of energy

95 from the local circuit appropriate for one operat-

ing frequency to the local circuit appropriate for
another. '

The -invention will bhel better AUnd-erstood" by

reference to the following specification and ac-

30 companying drawings,.in which Figure 1 shows"

an- antenna system provided with means for
matching the impedance of the antenna to the
surge or characteristic impedance of the:trans-
mission line L; Fig. 2 shows a more specific ap-
35 plication of such matching to a system for sig-

naling on two- frequencies; Figs. 3a, 3b and 3¢

“illustrate specific. means for the impedance
matching: Fig. 4 illustrates the termination of
an antenna system in a manner to prevent unde-
40 sirable reflection; Fig.-5 shows the application
of this to an antenna system adapted for operat-

ing-on a plurality of frequencies; Fig. 6 shows in .

creater detail the-application to a system for two
operating frequencies; Figs. 7and 8 illustrate the
45 application of my invention to a system compris-
- ing a plurality of terminal stations associated
with a single antenna, with means to prevent
transfer of energy from one terminal station to
another; Figs. 9 and 10 show combinations of
50 impedance matching and prevention. of ‘trans-
fer of power between local circuits; Figs. 11 and
192 show .the application of my invention to
proper impedance termination and prevention of
transfer of energy between local circuits; Fig. 13
55 shows a- plurality- of antennz. and a plurality of

terminal stations joined by a single transmission:
line, but with means for preventing transfer of
energies from the one to the other, and Fig. 14
shows in greater detail the application of all of
these features in one system. )

The invention is based on various circuit ar-
rangements of the selective circuits shown in my
applications, Serial Nos. 480,246 and 569,778 men-
tioned above. In the latter application it was
shown how two selective circuits could be ob- g5
tained by properly bridging. short - sections of
line, comprising two parallel wires, across a
transmission line. Each of these sections of line -
or selectors will operate to exclude an undesired
wave from a circuit, and yet not interfere with 70
the wave to be transmitted. One of these selec-
tors or short transmission linés is open at one

length equal to an odd multiple of a quarter wave
at thie frequency to be passed. The other selec-
tor is open at both ends and is of a length equal
to.a multiple of a half wave at the frequency to
bepassed. - . - - ) -

"~ The “terminal impedance of both of ‘these .
bridging selectors is very h'gh, substantially in-
finite, if attenuation is assumed negligible, ir-
respective of the point of attachment, providing
sa'd point of attachment is not at a distance
from one of the open ends equal to an odd mul-
tiple of a4 quarter wave.- Under the latter con-
dition, however, the terminal impedance is very
low, substantially. zero, if attenuation is assumed
negligible.  Utiliz'ng this characteristic the se-
lectors are attached to the transmission line at
a point along the selector length which is at a g4

‘distance from one’ of their open ends equal to

an 6dd multiple of a quarter wave -at the fre-
guency to be excluded.  Thus, ‘these selectors
shunt the line with a high impedance for the
frequency to be passed and with a low impedance 05
for the frequency to be excluded. R ’
“In a system comprising two circuits in paral-
16l a selector is bridged across each branch at a

-point which is at a distance from the junction of

the branches equal to an: odd multiple of a quar- 100
ter wave ab.the frequency to be excluded from
that particular branch. Shunting the line with

a low impedance at this particular point results

in the c¢'reuit offering a very. high impedance at
the junction point to the undesired wave. It was 1g5
also.shown in the above mentioned application,
that in the special case of a two branch circuit
the selector on the branch over which the longer
wave  is. to. be transmitted should - preferably
be. a short-circuited quarter wave selector, while 4,
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" tor is placed-at a _
5 point -equal to an odd number of quarter wave

5

should preferably be an open line of half wave
length.

Referring now more specifically to Fig. 1, as
g single line diagram, there is shown a terminal
or local station which may be a transmitter or
receiver, operative at the frequencies 71, fa2. f3
and comnected with an antenna A operative at
the same Irequencies. A transmission line would
ordinarily extend from the terminal station to
the antenna. In general, in such a station, the
impedance of the terminal station and of the
antenna are different, the terminal station as a
rule having a small impedance compared to that
of the antenna. Furthermore, these impedanges
are a function of the frequency. It is well known
that in any transmission circuit reflection oceurs

et points of impedance irregularities, and these’

refiected waves are such as to seriously upset the
best operation of the antenna system. For this

reason I desire to obtain impedance matching be-

tween the terminal station and the antenna, and
to do this at each of the operating frequencies

‘withous the necessity of mechanical switching or

the use of other moving parts. The impedance
malching may be obtained by any suitable de-
vices such.as impedances Zi,-Z2 and Z2, and I
bring these intc operation so far as Fig. 1 is
coneerned, by dividing the fransmission line L
into three parzliel cvlcuits each containing one
of. the impadance matching devices, and then

. bringing these circuts together again to continue

to the antenna A. It is important, however, that

only power cozrespondmg to the frequency of .

one.of the impedance matching devices should
flow th;oar*h thw device, all ‘other frequencies
heing ‘excluded. T To: this end I place 'in series
with ‘matching device Zi certain devices thch
will exclude the frequencies appropriate to Za
and Zz. - Similarly, Z2 and Z: hayve associated

with themselves seléctors which ‘will exclude in -

sach case all but the frequencyappropriaterfcr
a particular branch. The typs of selector or ex~

- cluder which is used, and its position, is in ac-
45

cc;dance with the inventions. described. in’ my

appncamons Serial Nos. 480,245 and 569,778. I

have shown these selectors by. the reference let-

ters S and 8/, us'nz in addition with each of these -

letters a double subscript, the first subscript in-

dicating the frequency to be passed, and-the sec-
ond subscript the frequency to be excluded. Thus,
813 would indicate that fi1is to be passed and fs
is to be excluded. In this case also, since there
is a terminal stat'on on the one side of the im-
pedance matching devices and an aritenna on
the other side, there are two junction points at
which' exclusion is to.be exercised. It is there-
fore necessary to have selectors on bhoth sides of

- the matching devices, and I use the letter S to
6C

indicate the selector on thé side towards -the
terminal station and S’ the selector on' the
side towards the- antenna. ‘Also, in accord-
ance with my previous 1*wf>nt10n ‘each sélec-
a distance from the junction

lengths of the wave to be excluded, all this being
clearly shown in Flcf 1. In this figure it is to be

‘understood ‘that the transm'ssion line L is com-

paratively long, whereas the distances given over
1o the parallel paths and to ths connection from
the junction point €7 to the antenna A, are both
about as short as physically conveniént. Under
these. condlulons, the only one of the operating
frequencies which w ritl pass through the branch
1 is-the frequency f1, the only frequency through

1,984,602

on the branch for the shorter wave the selector

the branch 2 is fi, 4nd the only frequency
through the branch 3 is fs.

" The impedance matching devices Zi1, Z2 and Z3
may take on a number of forms and the specific
form which they take on does not constitute a
part of my invention. A suitable device would be
a transformer of the type shown in Fig. 34, and
since, in.general, the impedance of the.antenna A
will differ from the surge or characteristic im-
pedance of the transmission line, the transformer

will have an impedance ratio other than unity.

The windings of such a transformer should pref-
erably have ‘bridged across them variable con-
densers in order that the circuits may be tuned

- 'to the desired frequency. Another form which

Lhe maftching device may take on is that of Fig.
3b, which consisis of a tuned autotransformer
with adjustable “contacts from both sides. In
Fig. 3c there is shown still another form of im-
pedance matching, this being the type of “trans-
former” described in an article by Sterba and
Feldman in the- Proceedings’ of ‘the Institue of
Radio Engineers for July 1532, page 1163.

‘While Fig: 1 has been described as having three
operating frequencies, it is to be understood that
this is for 111ustrat1ve purposes only, and that the
number may be made as large or as small as de-
sired. " Thus, Fig. 2 shows the application of this
same feature of my invention to a system with
the two operating frequencies h and fz. The
tr a*lsmxs:nol line L from the tenmnal station,
which may be either a transmitting or receiv-
ing station,. goes to the junction-point C and
vhiere divides into. the parallel branches ¢ and b,
the one haying the impedance matching device
m and the’other the matching device Z2. From

éach of these, parallel wires come to the junction

sint C’ and from there extend to the antenna
A, In the branch a, which we here assume is for
the shorfer wave length, and adjacent to the

junction point C, is bridged the short tr ansmission

hnv Si2 which in this case is shown as open at
both ends, and ther cfore’is of a length equal to
a whole numbsr of Half wave lengths of the ire-
quency which iz to be passed. This selector Si2
is'conmected at a distance from the ,;urctlon poing
equal to an odd number of quarter waves of fs,
and the point of at ttachment to the selector is at
a distance from one of the open ends eéqual to an
cdd number of qu:;,lt‘-‘l waves of f2. Identically
the same arrangement is fellowed in connection
with the selector Siz’ , With refel ence to the juné-
tion point C’. A similar arra ngcmen’c could be
followed in the hranch b, but a pr eferved alterna-

tive, inasmuch as the wave length in this branch

is loncer is to make the S°160t01‘ B21 a short trans-
mission hna“open_ at one end and short-circuited
ap’che cther, and of a length equal to a quarter
wave of the frequency fo which isto be passed.

The distances of connection from the open end :

of the selector and from the junction point T’
are both an odd number of quarter waves of fi
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which is to be excluded. ‘The same arrangement '

holds for Sa1”.

Orne of the features which I find to be impor- :
tant in connectlo‘l with such wave antenna s5ys-
tems as here considered, is that there shall be no
reflection from the remote end of the antenna to
the terminal station. The elimination of such re-

_flection may be. obtamed by connecting across the :

remote end of the antenna, which in 2all of’ these
figuxres is taken to be of the rhombic type, a re-
smfa,ncn T shown in Fig, 4. If this resistance T
is chosen of the m‘oper ‘value to mauch the im-
pedance of the antenna system as seen looking

yEDy

160
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from that resistance, then there will be no-reflec~
tion at.that point: ' Since, however, the impedance
of the antenna is a function of the frequency, it
becomes necessary to use'a different terminating
impedance for each frequency. “This, obviously,
may be accomplished by mechanical adjusting or
switching of some form, but in my invention I
provide a plurality of terminating impedances
each of which is physically connected. to the cir-
cuit-at all times, but is electrically effective only
for the frequency for which it is adapted. - This
is illustrated more fully in the single line diagram
of Fig. 5 where, connected to the far end of the
antenna A, are three terminating impedances Ti,
Ty and Tz, each of a.value to give proper termi-
nation to the antenna for the corresponding fre-
quencies f1, f2 and f3. It is important, however,
that the current of the frequency fi shall flow
only in the termination Ty, and similarly, for the
other frequencies. 'To this end I introduce into
the branch leading to Ti a plurality of selectors,
one for each of the frequencies to be excluded
from that branch. Thus, in this illustration there

are shown the selectors Siz-and Si, each at a

25

30

distance from the junetion point C equal to an
odd number of guarter waves of the frequency to
be excluded. The principle of the operation will
be evident from the previous: description, and

still more specifically by reference to Fig. 6 which

shows the application: to a system for two fre-
quencies. In this case, in the branch a, which is
to pass the shorter wave length, there is bridged
the selector Si2 open at both ends, and therefore

 a multiple of half wave lengths of the frequency

R

15

it

65
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75

to be passed. Similarly, in branch b, there is
bridged a selector open at one end and closed at
the other, and therefore an odd number of quar-
ter wave lengths of the frequency to be passed.
Tn some cases T find it desirable to have sep-
arate terminal stations for the different operat-
ing frequencies, still using.a single antenna A

suitable for all the operating frequencies. As

shown in the single line diagram of Fig. 7, the

stations 1, 2 and 3 have transmission lines com-’

ing to the junction point C-from which the com-

mon transmission line L extends to antenna A,

Tt is important, in case the terminal stations are

transmitters, that no power shall be ~fed from-

one transmitter station to-another; and I find
that T can bring about this condition by intro-
ducing in each branch selectors of the .type pre-
viously described, and properly positioned with
respect to the junction point C. This is-shown

in further detail in Fig. 8 which is a two line.

diagram for a two frequency system, the under-
standing .of which will be obvious from the de-
scription given heretofore. o

In some cases it will be desirable to combine
the. systems of Figs. 1 and 2 with that .of Figs.
7 and 8, and such.combination is shown in Figs.

9 .and 10, the first of these being a single line

diagram for three terminal stations operating at
different fréquencies-in connection with a single
antenna A, The transmission line L in this Fig.
9 _will, in general, be quite long and ‘the por-
tions given over to the impedance matching de-
vices and selectors would be as .short as physi-

_eally feasible. 'The details for the two frequency

system' are shown more- fully in_ the :two line
diagram of Fig. 10. T o
‘My: invention includes. various other arrange-
ments. . Thus, in Fig. 11, there is. shown in a
similar manner the combination of a plurality of

terminal stations. and a single anténna A, and a

plurality of terminating impedances Ti, T2 and

Jharmonically - related.

3

T3, this figure thus-representing the combination
of Tigs. 5 and 7. Similarly, Fig. 12 represents
the combination of Figs. 6 and 8. ‘

In some cases I find it desirable to use separate
antennz A, Az and As for the different operat-
ing frequencies and at the same time" to have

"separate términal stations, but having these all

combined to operate over a single transmission
line L.” There thus comes into being two junction
points € and C’, and again, by the use of my
selectors, there is present in any one branch only

that frequency appropriate to that branch. This

is shown in Fig. 13.

Finally, in-Fig. 14, I have shown the system

of Fig. 10 but with- a plurality of antennz A: .

and Az with their appropriate terminating im-
pedances Ti and T2. s

It should be pointed out that in case the fre-
quency excluding devices are of the short trans-
mission line type, as shown in Fig, 2 and other
figures, it 'would be: difficult to use more than two
branches unless some of the frequencies used are
In the event of using
three or more branches, as shown 'in Fig. 1,'it
will be simpler to use the lumped type of im-
pedance described in my application Serial No.

-480,246, referred to above, but in that case there

is no limit to the number of branch circuits which
may be used. S T

While these selective devices may find their
chief usefulness at a transmitting station where
the energy of the system originates at a single
source or a plurality 'of sources and is transferred
to ' a single antenna-or a plurality of antenne,
they are equally applicable to a receiving station
where the energy of the system originates at a

single antenna or a plurality of ‘antennz and is

transferred to a single receiver or a plurality of
receivers. ) :

Although in this application I have shown my
invention as applied to certain. specific cases,
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it is to be understood thaf various other applica~. .

tions and-arrangements- and combinations are
possible, and ‘these will be apparent -to those
skilled in the art.. For example, operation may
be: singular on one antenna or simulfaneous on
all antenna, the proper separation of the waves
of different frequencies being - effected” at the
junction points by the selective devices herein
described. - - ’

What is claimed is: T

1. In a radio system an antenna adapted to
operate on a plurality of frequencies and a ter-

120

125

minal ‘station, a . transmission- line connected °

therebetween, said line over .a 'portion. of its
length being divided into parallel paths one for
each operating frequency, and means in each
said path for matching the impedance between

the antenna and the terminal station for the.

frequency corresponding to that branch. . -

2. In a radio system an antenna adapted to
operate on a plurality of freguencies and-a Te-
ceiving station, a transmission line connecting
the anternina to the receiving station, said line
over a portion of its length being divided into
parallel paths one for each operating frequency,
and means in each said path for matching the

130

135 -

140

impedance between the antenna and the receiv-- -

ing-station for the -frequency corresponding t

that branch. o :
3. In a radio-system an-antenna adapted to

operate on a plurality of frequencies and a trans-

_mitting ‘station, a transmission line connected

between the antenna and the transmitting sta-

tion, 'said line ‘over a portion:of its length being

145, .

150
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-minal station, a transmzssmn line
{herebetween, said line. over

_said branch for matching the 1m
.thé antenna and the termin

4
divided into parallel paths one for each operating
frequency, and means in each said path for
matching the impedance between the antenna
and the transmitting station. for the flequency
corresponding to that branch.

4. In' a radio system an antenns adapued to

operate on a plurality of frequencies and a ter--

minal station, a. transmission line connected
therebetweearn, said line over a portion of its length
being divided: into parallel paths one for each
operating frequency, means in.each said path for

_matching the impedance between the antenna

and the terminal station for the frequency corre-
sponding to that branch; and additicnal means
in each branch to exclude all frequencies except
the freguency corresponding to that branch.

5. In a radio system an antenna adapted to
operate on a pi urahty of frequencies and a ter-
minal station, a transmission ' line .connected
therebetween, said line over -a portion of its
length being divided into parallel. paths one for
each operating irequency, means in each said
path for matching: the impedance bebween the

antenuga and-the terminal station for the fre-.

quency corresponding. to that branch, and short
transmission . lines bridged acrcss each branch
and adjusted at the optimum length to exclude
from that branch. all frequenc 1ea e?eem the fre-
quency corresponding to that

6. In & radio system an anitenna adapted to

branc

operate .on a plurality of frequencies and. a ter-

minal -station, a transmission line ccnnected
therebetvreen, said line over a portion of its length
being divided .into parallel paths one for each
operating frequency, and -transformers in each
said path for matching the 1vrp°dcm<:ﬂ between
the - antenna and the terminal station for the
frequency corresponding to-that. branch.

7. In a radio system an antenna adapted to

perate on a pluralily of frequencies and a. ter-
mmal station, a transmission line connected
therebetween, said line over g  portion- of .its
length being mvxded into parallel paths ‘one for

each operating frequency, transformers 1_n each -
said path for matching the impedance between -

ﬂ 16 antenna .and. the -terminal station ior the
frequency corresponding to that b1 ancu,.ar
short - transmission  lines bridged .each
hranch-and adjusted at the optim ml Lcnt“th to
exclude from that branch all froqwncms except
the frequency corresponding to.that branch.

8. The compingtion .o claim 7 cp raﬂt\,rrfed
by the lecation of said short: tx TATLS missi n. lines,

one line on. each side-of each of the saxd trans—_

formers for the purpose seb forth. :
9..The combination. of claim. 7 ch rgcbérized
by .a bridse on -each side. of each transtormer,
each bridge Lcmﬁr co*meczcd at 2 point distant
from the junction equal to an odd. nunber of
c4uqr*e“ waves for the “‘eqarnby t0 be excluded.
Ing radio ‘system an an 1ering adapted to
n°1ate on .o, plurality of frequencies and.a ter-
conniected
.portion of. ifs
length be.u"" CllV.ld""i into pauﬂ]ex branches one
for each: operating frequency, means in. each
2 iance betwéen

{regquency . corresponding. to bha‘a. branch, and
short transmission lines bridged acvoss each
‘branch of such length as.to exclude from that

“branch all frequencies except. the frequency cor-

responding to tha b b"anc‘l some of the brldgns
being open pairs of wu’cs of haif wave 1engths of

the: flequﬂncy to be tran smitted and some“.qx

minal,
therebetween, & plurality of impedances termi-
nating the antenna, one for each operating fre-

.operaJ
minal. station, a

‘station ‘for the

1,984,602

palrs of wires short-circuited at one end and of
quarter wave lengths of the frequency to be
transmitted,.

11. The comblnatlon of claim 10 chalacter-
ized . by the fact that each short -transmission
line is connected to its branch at, a distance from
the junction of the branch and the main trans-
mission line of a quarter of the wave length of
the frequency to be excluded.

12. The combination of claim. 10 charactenzed
by the fact that each short transmission - line
is connected. .to its branch 2t a distance from
the junction of thP branch and the main trans-

mission line of a quarter of the wave length of

the frequency to be excluded, and the connec-
ticn to the short transmission line is at a distance
from an open end thereof of a quarter of the
wave length of the frequency to be excluded.
13, In a radio system an antenna adapted to
operate on 4 plu“al ty of frequencies and a ter-
station, & iransmission - line connected

quency,. and each having -its impedance value
dbtermln d by the value of the respective op-
era and. means operatively con-
e terminating impedances to ex-
ch. such impedance all of the op-
neies except the one. correspond-
mpedance.

d 0 system an antenns adapted to
.on . plurality of frequencies and a ter-
ransmission Tine . connected
between, o plurality of impedances in paral-

4.3
thorel

el iet,ul’Tab-D[I the antenna, each. having its

impedance value determined by thée value of the
respective operating frequer\cy, short tra nsmis-
slon lines bridged ac:"oﬁs cachh impedance and
adjusted in length and position to exclude from
each such impedance all the operating frequen-
cies except the one corresponding to that im-
pedance.

15. The commnatmn of claim 14 character-

ized by the fact that some of the bri idges are
pairs of wires short-cireunited at one end and of
a lmwtn eqaaﬂ t0 . an ‘odd number of quarter
waves of the fleqvency tc be transmitted and

.some are open pairs of wires of a whole num-

ber of half" Wave lengths of the freque 12y to be
transmitted.. . o

16. The combir\mt‘ion of claim 14 character-
ized ny the fact that some. of the bridges are

‘pairs of wires shorg- cncmted at ‘one end and

of .a-length equal t0.an 6dd number of quarter
waves of the frequency to be transmitted, ‘and
that each. short transmission. line is connected
to its branch at & distance from the junction
of ;the branch and the main trahsmission line
of a quarter of the
to be excluded.

“'17. 'The combination of claim 14 characterized

by-the fact that some of the bridges are pairs of
wires short-circuited at one end and of a length
equal to an .odd number of guarter waves of the
frequency to be transmitted, and that each short
transmission line is connected to its branch at a
distance from the junction of the branch and the

main transmission line of a-quarter of the wave.

e wave Mn%h of the frequéncy
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length of the frequency to be excluded and the

connection to the shert transmission line is at a
distance from an open end theréof of a- quaruer
of the wave ;eﬂcrth ‘of the f;equency to be ex-

- cluded.

18. The combination of claim 14 characteuzbd
by the fact that there is a b1 1dg1ng circuit across

150
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each impedance for each frequency to be ex-
cluded, and that some of the bridges are pairs of
wires short-circuited at one end and of a length
equal to an odd number of quarter waves of the
frequency to be transmitted, and some are open
pairs of wires of a whole number of half wave
lengths of the frequency %o be transmitted.-
19. In a radio system an antenna adapted to
operate on a plurality of frequencies, a plurality
of terminal stations one for each operating fre-
quency, transmission lines from each station to
a common junction and a cominon transmission
line therefrom to the .antenna, and means in
each of the first-named transmission lines to ex-

clude all of the operating frequencies except the.

one appropriate to its terminal station, said
means consisting of selective impedances one for
each frequency to be excluded and tuned to that
frequency, each placed at a definite portion of a
wave length of the freguency for which it is tuned
from the common junction point.

20. In a radio system an antenna ddapted to
operate on a plurality of frequencies, a plurality
of terminal stations, one for each operating fre-
quency, transmission lines from each station to
a common junction and a common transmission
line therefrom to the antenna, and means in each
of the first named transmission lines to exclude
all of the operating frequencies except. the one
appropriate to its terminal station, said means
consisting . of short bridging  fransmission lines
one for each frequency to ke excluded and each
placed at a definite portion of a wave length of
the frequency which it is to exclude from the
common junction point.

21. In a radio system an antenna adapted to
operate on g plurality of frequencies, a plurality
of transmitting stations, one for each operating
frequency, transmission lines from each station
to a common junction and a commeon transmis-
sion line therefrom to the antenna, anhd means
in each of the first-named fransmission lines to
exclude all of the operating frequencies except
the one appropriate to its transmitting station,
said means consisting of short brideging trans-
mission lines one for each frequency to be ex-

5

cluded and each placed at a definite portion of
a wave length of the frequency which it is to
exclude from the common junction point.

22. In a radio system an antenna adapted to
operate on a plurality of frequencies, a plurality
of receiver stations, one for each operating fre-
quency, transmission lines from each station to
a common junction and a common.transmission
line therefrom to the antenna, and means in
each of the first-named transmission lines to ex-
clude all of the operating frequencies except the
one appropriate to its receiver station, said means
consisting of short bridging transmission lines
one for each frequency to be excluded and each
placed at a definite portion of a wave length of
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the frequency which it is to exclude from the -

common junction point. .

23. The combination of claim 5 characterized
by a plurality of impedances in parallel termi-
nating the antenna each with an impedance ap-
propriate for one of the operating frequencies,
short transmission lines bridged across each im-
pedance and adjusted at the optimum length to
exclude from each such impedance all the oper-
ating frequencies except the one corresponding
to that impedance. : :

24. The combination of claim 19 characterized
by the fact that the transmission line over a por- -
tion of its length is divided into: parallel paths
one for each operating frequency, means in each
said path for matching the impedance between
the antenna and the terminal station fQr.the fre-
quency corresponding to that branch, and addi-
tional means in each branch fo exclude all fre-
quencies except the frequency corresponding to

‘that branch, the combination bheing further char-

acterized by a plurality of impedances terminat-
ing the antenna, one for each onerating fre-
quency and with an impedance appropriate for
each operating frequency, and means associated
with the terminating impedances to exclude from
each such impedance 2ll of the operating fre-
quencies except. the one corresponding to that
impedance.

GEORGE W. GILMAN.
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