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' Ces 17 Claims.
This invention relates to wave fransmission and -

more particularly to frequency-selective frans-

mission networks,
An object of the invention is fo transmif freely

-waves falling in one band of frequencies while

attenuating waves falling in another band or
other bands of freguencies.

Other objects are to increase the discrimina-
tion between the transmitted band and the at-
tenuated band in a frequency-selechive fransmis-
sion network and o reduce the cost and size of
such networks, especially those designed for use
at high frequencies.

Anofher object is to provide for the parallel
operation at one end of two or more selective
transmission networks each of which will freely

-transmit waves falling in g selected band of fre~
-quencies while atfenuating waves of the fre-.

guencies transmitied by the other nebtwork or
networks.
A further object of the invention is to permzt

the simultanecus operation on the same antcnna

of two or more translation devices, such as t*‘a,ns-
mitters or receivers.

If & section of transmission line or other four-~
terminal transducer having a phase shift equail

-approximately to an odd muliiple of 90 degrees at

g certain freguency is shunted at one end by an
impedance branch which has a low impedance af
that frequency, the other end of the line section
will present a high impedance at this frequency.

10

by adding one or mors sections of Hne simxlar to
the first, each with a shunt impedance braneh of

the ftype described connected at its outer end.

Each additional line section and associated shunt
branch will increase the diserimination by as
much as 32 decibels, - If two or more networks of
this type are to be operated in parallel at one end
it is desirable to terminate each network at its
varalleled end in an addifional seciion of line

having s phase shift equal approximately to an”

odd multiple of 90 dagrees at the fxequency to e

attenuated.
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Waves of this frequency impressed upon the line -

section atb either end will ve greatly attenuated in
passing therethrough, since at the one end they
encounter the high impedance of the terminated

line and g4 the other end the low impedance of

the shunt branch. However, waves of frequenciss

‘ot which the impedance of the shunf branck is

high compared o the characterisiic irnpeda!}ce
of the Iine section will pass along the line with

-small or negligible trausmission loss. Greatest .

discrimination is secured when the shunt branch
is resonant at the frequency to be excluded and
anti-resonant at the frequency to be fransmitted.

In accordance with the present invention, the
- discrimination in a freguency-selective wave
transmission network of the iype described is
. greatly ineressed by adding a second similar shunt
impedanee branch af the ofther end of the line
-section. As an example of the improvement ob-

35

The transducer may b\.a section of uniform
transmission line of the coaxial type, of the hal-
anced shielded type or, under some circumstances,
an ‘uwnshielded pair of wires. Alternatively, the

transducer may be & four-terminal network com- -
prising lumped reactance elements; the only re-

quirements being that it has a phase shiff equal

approximately to an odd multiple of 90 degrees at

the frequency to be excluded and has a low trans-
mission less at the frequency to be transmitted.
‘The shuné branch may be made up entirely of
lumped reactance elsments or if may include one
or more sections of fransmission line used as re-
actances, The branch may includge a reactance
element added to provide, in effect, an impedance
transformation for the rest of the branch. Also,

-an impedance inverting network may be inserted

hetween the shunt branch and its peint of connec-
tion.

‘The networ}\;. of the invention are particularly
useful in g radio system where two or more trans-

lation devices, such as transmitters or receivers,
are assaciated with a common antenna.  For ex-.
transimitter operating at one fregquency -

ample, a

--and a receiver operating at a second frequency

40
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. tainable, if g sifigle shunt gives @ discrimination -

of 26 decibels, the addition of the second shiumt
may be expected to increase the discrimination
by as much &s 32 decibels. The discrimination

of the network may be further greaily increased ;

.

may be using the same antenna st the same time,
It is necessary to keep the {ransmitter fre-
quency, and noise of the receiver frequency
generated in the transmitter, out of the receiver.
It is also necessary to provide a transmission path
from the -transmitter to the anfenna for the
transmitter frequency, and from the antenna to
the receiver for the receiver freguency.

All of these requirements can be satisfied by'i in-
serting selective networks of the type described in

 the transmission Hnes connecting the antenna

with the transmitter and the receiver. The net-
work in the linie to the transmitter is designed to
pass freely the transmitter frequency while gt-
tenuatling the receiver fréguency,  The network
in the lne to the receiver passcs freely the re-
ceiver frequency but attenuates the transmitter

frequency.

9
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The nature of the invention will be more fully
understood from the following detailed descrip-
tion and by reference to the accompanying draw-
ing, in which:

Fig. 1 is a schematic circait showing one em-
bodiment of the frequency-selective wave frans-
mission network of the invention;

Fig. 2 is the circuit of a four-terminal trans-
ducer - comprising lumped reactance _elements
which may b2 used in the network of Fig. 1;

Fig. 3 shows the effect on the transmission loss
of the ne’cwoxk of Fig. 1 of deviations from the .

optimum phase shift in the transducer;

5
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Fig. 4 shows the reactance-freguency .char- -

acteristic of the shunt impedsnce branches of
Fig. 1 when the frequency to be attenuated is
lower than the frequency to be transmitted;

15

Figs. 5 and 6 are alternative forms of an im- -

pedance branch having the reactance character-

istic of Fig, 4;

Fig. 7 shows how 1mpedanc° transformation
may be introduced in the branch of Fig. 6 by the
introduction of an added reactance element;

.~ Fig. 8 shows an impedance branch equivalent .
to the one of Fig. 6 in which the inductance is

furnished by a section of transmission line; -

PFig. 9 gives a typical transmission loss char- -

acteristic for the network of Fig. 1 when shunt

" branches of the type shown in Fxgs 5,6,7o0r8

are used;
Fig. 10 represents the ‘reactance-frequency

20

of terminals 23, 24 to which a load or utilization
eircuit may be connected. For the best resnits
it is desirable that the impedances of the ter-
minal loads natch the characteristic impedance
of the line section.

The only requirements on the transducer 20
are that it have a phase shift equsal approximate-
Iy to an odd multiple of 30 degrees at the fre-
quency f1 to be suppressed and 3 .low attenuation
at the frequency fr to be transmitied. These
requirements are met by a section of uniform

. transmission line, preferably of the coaxial or

balanced shielded type, the length of which is

apprommately equal to an odd multiple of one- .

quarter of the Jiength of the waves to be atten-

uated. Alternatively, the transducer may be

made up of lumped reactance elements. When
the section of line is found to he unduly long the
substitution of lumped elements will generally
reduce the cosl and size of the network. A suit-
able transducer using lumped elements is shown
in Fig. 2. The network is of the ladder type and

. comprises a series inductanee I, with two shunt

36

characteristic of ‘the shunt branches of Fig. 1. ‘

when the frequency to be attenuated is higher
than the frequency to be transmitted; ’

© PFigs. 11 and 12 are alternative circuits of im--
" pedance branches hgv.ng the reactance char-

acteristic of Fig. 10;
Fig. 13 shows the introduction of impedance

‘transformation in the branch of Fxg 12 bv the
_addition of an inductance;

PFig. 14 shows an equivalent cirecuit for- the
branch of Fig. 12 in which the inductances are

‘furnished by sections of transmission line;

‘Fig. 15 gives a typical transmission loss char«
acteristic obtainable with the network of Fig. 1
when it has shunt impedance bra.nch es "of the
type shown in Figs, 11, 12, 13 or 14;. :

Fig. 16 shows an impedance ranch associated

Figs. 17 and 18 show tne effect tha.tdevxa.,zons
in the phase shift of the impedanece inverier have
upon the transmission loss-at the attenuated and
at the transmitted freguencies, respectively; -

Fig. 19 shows the network of Fig. 1 modified

by the addition of -a second section of line with
its associated shunt branch to improve the dis-

crimination, and the-addition of a terminal sec~

tion of line to provide for parallel operatmn Wlth
a second network; and
Fig. 20 shows two networks in accordance with

- the invention associated with & radio system in
which two translatmn devices use a comron an-

tenna,

[
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“espacitances C, C connected at its -ends.

‘The
vatues of the elements may oe so proportioned
that the network will have a p-use shift of ap-

. proximately 90 degrees,-or an odd mvltzple there~

of, at the irequency fi.- .

The effect on the transmiission loss -of the net-
work “of deviations, either plus or minus, from
the optimum phase shift in the transducer 28
is'shown by the curves of Fig. 3. 'The ordinates

represent transmission Ioss in -decibels and the -

abscissas represent the deviation in-degrees from

a phase shift equal to an odd multiple of 90 de-. -

grees -at the frequency of the waves to be stten-

“uzted. It is assumed that the attenuation in the

40

“with a section of hne used as an impedance in- .

" verter; 50

55

transducer 20 is negligible and that. each ‘shunt
branch 7 has an Iinpedance equal to-one-fortieth
of the characteristic impedance of the transducer
at the frequency {o be attenuated. The dotted-
Iine curve gives the transmission loss introduced
by a single shunt branch Z. ' This logs Has 2 con-
stant value of about 26 dacibeis regardless of- -the.
deviatiorn in phase shift. The solid-line curve
gives the added transmission loss attributable to
the introduction of ‘& second shumt branch Z.
This loss is 32: decibels. for zero deviation and
ialls to six decibels for g ‘deviation of 90 decrees.
However, the loss is greater than that introduced

by the first branch for deviations up to ghout 58 -

degrees. It is seen that if the sesond bianch ‘is

connected at the same point-as the first, or at-a -

point separated from the first by an interval in
which the phase shift is-an even multiple of 80
degrees the seeond branch will add a loss of- -only
six decibels, but if the phase shift has ‘the- -op-

- timum value this loss may be increased to 32

- decibels. However, as the curve shows, consider-

‘60

Fig. 1 is a schematic circuit'of a selectwe wave 5

_transmission network i in accordance with the in-
" vention adapled to attenuate waves of one fre-

guency while freely transmifting waves of an-
other freguency. The network comprises a four-

‘terminal fransducer in the form of a section of gg

‘transmission line 28 end fwo shunt impadance
branches'Z connected at its ends. A% one end

“the network has a pair of terminals 21, 22 o

‘which a’wave source of electromotive force may

able deviation from the -optimum phase shift is

‘permissible and the second branch will still pro- - -

vide a large added loss. The effect of deviations

- of the phase shift upon the loss ‘{0 -the waves
* transmitied through -the network is nezligible.

Each shunt branch Z’in Fig. 1 'has a low-im<

- pedance at the frequency /1 which isto-be Blocked
cand a high impedance at the frequency fewhich

is {0 be transmitted. The branch is preferabiy
resonant at f1 and anti-resonant at -f2.  Where
may, of course, be addxtmnal critical frequenczes.
either resonanées of %o
cases extra critical frequencies may-be used to
advantage to control the values of the component

" reactance elements in the branch or’ to regul“"
be connected, and at the other end a second pair 76 {he sharpness of resonance. - :

ziti-resohances. 'Th some

i
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‘resonance.

“for these elements.
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If /1 is lower than f2 the simplest form of the

‘reactance characteristic for the branch Z will he

of the type shown in Fig. 4, with a zero at f1 and
a pole at f2. Such a reactance may be provided,

“ for example, by the two-thermal impedance

branch shown in Fig. 5 which comprises a capaci-
tance 25 shunted by an arm consisting of a see-
ond capacitance 26 in series with an inductance
21. The capacitance 26 and the inductance 21
are proportioned to resonate at the frequency fi,

and the capacitance 25 is so chosen that the en~

tire branch is anti-resonani at the {requency f.
The capacitances 25 and 26 may be made variable,
as indicated By the arrows, to facilitate the ad-
justment of the frequencies of resonance and anti-

acieristic of Fig. 4 may be provided b7 an imped-
ance branch of the type shown in Fig. 6 compris-
ing 3 variable capacitance 28§ in series with an
anti-resonant loop consisting of a second varia-

Alternatively, the reactance char-

Lo

18

20

ble capacitance 298 in parallel with an inductance

3C. In converting from the confizuration shown

" in Fig. 5 to the equivalent oune of Fig. 6 the capaci-

tance 25 may be divided into two portions, one of
which is associated with the capacitance 26 ang
the inductance 27 and converted into a cirewit of

~the type shown in Fig. 6. The resulfing struc-

ture will be as shown in Fig. 7 comprising a ca-
pacitance 31, shunted by an arm consisting of &
second capacitance &2 in series with an anii-
resonant loop made up of a third capacitance 33
and an inductance 84 in parallel. By varying the
value of the capacitance 3i the values of the re-

maining reactance elements may ve changed and’

in this way there is provided a choice of values
The addition of the capaci~

25

P
o

"~ 3 to be

the frequency to be blocked in its simplest form
the reactance characterls.,lc of the shunt im-
pedance branches Z of Fig. 1 will be of the type
shown m Fig. 10, with a pole at the frequency
transmitied and a zero at the frequency
J¢ to be suppressed. In this case the branch Z
may, for exampie, tzke the form shown in Fig, 11
comprising an inductance &5 shunted by an arm
eonsisting of a eapacitance 37 in series with a
second inductznce 36,
Z may fake the equivaient form shawn in Fig, 12
comprising an inductance 38 in series with an
anti-resonant loup consisting of a capacitance 48
in parallel with a second inductance £f. In the
same way as already explained in connection with
Fig, 7, impedance {ransforination may be pro-
vided by adding the shunt inductance 42 as shown
in Fig, 13. By properly choosing the value of the
inductance 62 the remammg reactance elements
43, 44 and 45 may be given the mosi desirable
values, within certain limits.

In this type of shunt also the inductance ele-

ments may be replaced by sections of transmis-~
sion line if desired. For example; the two in-
ductances 29 and &1 of Fig. 12 may be replaced,
respectively, by the sections of line 48 and 47 as
shown in Fig. 14. The line section 47 may be
short-circuited at its remote end by a low-im-
pedence strap 48 as shown, and the value of the
“mductance 4{ msy be amust@d by changing the
location of this strap. Part of the distributed
capacitance of the two lines wiil appear in shunt

.- a4 their junction, and the value of the capacitance

35

tance 2i in effect provides an impedance trans- .

formation for the remaining elemenis in the

branch. The value of the capacitance 3t may be

so chosen that the most desirable values are ob-
tained for the remaining elements. :

The inductance in the shunt branch Z may,

40

under certain circumstances, be furnished by a

section of transmission line. For example, the

induectance 20 in Fig. 6 may be provided by a
section of line 35 shorf-circuited at its distant:

end, as shown in Fig, 8. Some of the distributed
capacitance of the line 35 wiii be effective across
its Inpub terminals and the value of the shunting
capacitance 28 is reduced to sllow therefor.. Of

-89

course, an addifional eapacitance may be con---

nected in shunt with the branch shown in Fig. 8

‘in order fo provide impedance transformation, as

explained above in connection with ¥ig. 7.

. I the shunf impedanecs branches Z in ¥Fig, 1
‘take any one of the forms shown i Figs, 5, 6, 7 -

and 8, or an equivalent form, the network will
have a transmission loss characferistie of the tvpe

b5

shown diagrammatically in Fiz, 9 with a maxi- .

‘mum loss ai the freqguency fi and a frensmission
region including the frequency fz and extending

to either side thereof. The width of the eﬁect_ive
fransmission band can be increased by lowering

“the impedance level of the branch &, that is, by

making the reactances less stiff. A change In this
direction will af the same time raise and broaden
the atlenuation peak. Cn the other hand, if the
kranch Z is raised in impedance level the {rans-
mission band is nayrowed and the attenuation in
the region of the frequency f1is lowered and made
more peaked. In practice the Impedance level of
the branch is so chosen fhaf the resulfant trans-
mission loss characieristic most nearly meets the
requirements encouniered in any particular cass.

- ¥ the frequency to be transmitted is lower than

80

85

i)

48 is reduced to allow for this. A portion.of the
distributed capacitance of the line 45 will also

appear shuanted across. its input terminals, but
the effect of this will only be to introduce another =

anti-resonance at a frequency above fe = ‘The in-

troduction of this additional pole will ordinarily ',
not be detrimental to the performance of the net-
“work. In some cases it may be desirable to shunt

additional capacitance across the input terminals
of the line section 46 in order to bring this added

anti-resonanee nearer fo the resonance 8t fa,

thereby giving additional control of the trans-

~mission loss characteristic and providing an addi~

tional range of selection for the values of the
component impedance glements in the branch.

Fig. 15 shows the type of transmission loss chur-

acteristic obtainable with the network of Fig. 1
when the shunt branches 7 take any one of the
forms shown in Figs. 11, 12,13 and 14. The net-
work will pass a band of freguencies in the neigh-
horhood of 3 and will have a maximum loss at
or near the frequency fs.

In accordance with the invention a four-termi-
nal fransducer may be used as an impedance in-

verter in connection with the shunt impedance

branches Z, A new impedance Z’ having & re-
actance characteristic which is the inverse of that

of the branch Z is conneci:d at one end of the

transducer and the other end is connected at the

point where the branch Z is ordinarily  found. -

‘The only reguirements on the transtiucer are that
its phase shift is approximately an odd muliiple
of 90 degrees at all frequencies at which the im-~
pedance of 2 is to be inverted and that the trans-
mission loss is low at thess frequencies. The
transducer may, for example, be a section of
transmission line having a length which is ap-

- proximately equal to an odd multiple of a quarter

“wave-length af each frequency at

18,

pedance is to be inverted. Allernatively, the
transducer may be made up of lumped reactance

Alternatively, the branch

&
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elements, as shown in Fig. 2 for exzample, propor-
tioned o provide the required phase shift,

Pig. 16 shows an impedance inverter in the form
of a section of transmission line 49 having input
termirals 58, §f and cutput terminals 52, 53, with
the impedance Z’ connected across the output
terminsls. If 2’ is resonant at the frequency fr

‘and anti-resonant gt the frequency fe and at the

termirals 86, 51 it is Jdesired to see a high im-
pedance &t fr and a low impedance at fe, then the
length of the line section 43 must be so chosgen

“that it is approximately equal to an odd multiple

of a quarier wave-length at both of these fre-
quencies. Under these conditions the impedance
at each of these freguencies seen at the termi-
nals §0, 81 is egual to the characteristic ime

=3 . 2,258,974
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pedance of the line seciion 49 squared and divided °

by the impedance &*. If the frequencies faand fr
are close enough fogether the line may be a guar-
ter wave-length, or an cdd multiple thereof, at
either of them, or at some intermediate irequency,
and the condifions will be satisfied. However, for
other spacings of the frequencies it may be neces-

. sary to make the line section 48 an odd number

of quarter wave-lengths at one of the frequencies
and a different odd number of guarter wave-
lengths at the other frequency. For example, the
length of the section of line might be five-qguarters
of a wave-length at fu and seven-quarters of a
wave-iength at fn .

By the addition of an irapedance inverter a re-
actange characteristic of the type shown in Fig,
10, for example, which ordinarily reguires two

inductors and one capacitor may be provided by .

an impedance branch 2’ consisting of two capaci-

tors and one inducior. The designer is thus :
given his choice of two electrically equivalent types .

of branches and he will ordinarily select the one
which is the less expensive to build, - o
. Fig. 17 shows the change in the transmission
loss of the network at the frequency to be at-
tenuated caused by deviations in either direction
frem the opiimum phase shift in the impedance

inverter 4%. The transmission loss in decibels

introduced by a shunt branch is plotted against
the deviscion in degrees from a phase shift equal
t0 an ofd multiple of 90 degrees at the freqguency
of the waves o be attenuated. It is assumed
that the attenuation in the impedandce inverter
48 is negligible and that the impedance of 2’ is
equal to ene-fortieth of the characteristic im-
peddance ef the inverter at the frequency to be
attenuated. For . comparison, the dotted-line

curve represents the transmission loss introduced

by a single shunt branch Z.  The solid-line curve
gives the added transmission loss attributable to
a second shunt branch, consisting of an im-
pedance inverter 48 terminated at its outer end
in an impedance Z’, connected at the optimum
distance from the branch Z. This Joss is 32

‘decibels for zero deviation and falls off to about

11 decibels for a deviation of 15 degrees.. It ig
apparent, therefore, that for 3 high loss the devia-
tion in phase shift in the impedance inverter from
the optimum value should be kepb small,

¥ig. 18 shows the variaiion in the transmission
loss for the waves to be transmitted due to de-
viations from the optimum value in the phase
shift in the impedance inverter. T is assumed

that the impedance of Z’ is equal to forty times’
the characteristic impedance ¢f the inverier at-

the fresvency o be fransmitied. - For cempari-
son, the dotted-line curve gives the loss intro-
duced by a single shunt branch Z. This loss re-

|
\
\
3

t

line curve gives\., the added loss due fo a second

shunt branch cbnsisting of an impedance in-
verter 89 termingted in an impedance %’. This
loss starts at 0.1, decivel for zero deviation and
rises to a value cf less than three decibels for a
deviation of 60 dggrees. It is apparent, ihere-
fore, that so far as the loss to tho transmitted
waves Is concerned the value of the phase shift
in the impedance |inverter is not very critical.
In practice, therefars, it is advisable to have the
phase shift in the faverter as near the optimum

value as possible fox the freguendy to be attepu-

ated, but a considerable deviztion from the opti-
mum value for the frequency to he transmitied
is permissible. 4

The discrimination between the frequency to
ke passed and the frequency to he blocked can

- be increased by the addition of one or more sec-

25
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tions of line similar to the first, each with itz 2s-
sociated shunt impedance branch. Fig. 19 shows
the network of Fig. 1 madified by the addition of
a second section of line 84, similar to the section
28, with a third shunt branch Z connected af ifs
cuter end. If the network is to operate in paral-

lel at one end with another similar network it is.

desirable that each network be teitinated at

the paralleled end in a section of linie which is 3

quarter wave-length, or an odd multiple thereof,
at the frequency to be exchuded. Tn Fig. 19 such
& line section 85, similar to the line sections 54

and 28, is connected between the terminals. t8,

12 and the remainder of the network.

A useful application of the invention is in a

radio system where two or more franslation de-

vices operating at different frequencies are aS- -

sociated with a common antenna. For example,
as shown in Fig. 20, a transmitter 56 operating at
the frequency fr =nd a receiver 53 operating at
some other freguency fr may be simultaneously
using the same antenna A.  Two transmission

lines, joinfed in paraliel at the terniinals 58, 59, -

connect the antenna with the transmitter snd
the receiver, respectively. It is apnarent that the
path beiwesn the transmitter and the antenna

‘must pass freely waves of the transmitier fre-

quency and that the path from the gntenna to

the receiver must pass freely waves of the re- -

ceiver frequency. In addition, the path between
the transmitter and the receiver must offer a
high loss to the transmitter- frequency to keep
these high level waves out of the receiver, and
also 2 high loss to any waves of the receiver fre~
quency which may originate as noise in the
transmitter,

Thie requirements mentioned may be met by
using two selective wave transmission networks
designed in accordance with the principles of the
invention, ¢ne included  in' the {transmitter

branch and the other in the receiver branch.

The network §0 in the transmitter branch has a

low transmission loss at the frequency fr and a
‘high loss at fr, and the network &/ in the re-

. ceiver branch has a 10w loss at f& and a high loss

65

70

at fr. As shown in Fig, 20 the network 6# in-
cludes # section of transmission line 62 which is
approximately an' odd multiple of u quarter
wave-length at the transmitter frequency. The
length of this line section is therefore equal to

e
@—nF

where Xr is the wave-length of the transmitter

- frequency fr and n is any integer. . In practice n

mains censtant at about 9.1 decibal. The solid- 75

is usualty chosen as unity and the line section 62
is a quarter wave-length, .

i
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" At each end of the line section 62 is a shun
impedance branch Zz If the transmitter fre-
quency is lower than the’ recelver frequency each

. branch Z» may take any one of the forms shown
in Figs. 5, 6, T and 8, or any equivalent form.
The bravch connscled between terminsals 69 and
18 is represented as being of the type shown in
Fig. 7 except that the inductance 34 and a por-
tion of the capacitance 3% are furnished by g
section of transmission line 73 short-circuited at
its distant end as explained above in connection
with Fig. 8. The capscitance 3{ is added to pro-
vide un impedance transformation for the other
reactance elements in the branch and thus per-
mif the use of more easily obtainable values. If,
on the other hand, the transmitter frequency is
higher’ than the receiver frequency the shunt
should take the form shown in Figs. 11, 12, 13
or 14, or an equivalent, form,” In either case the
branch Z: is resonant at the frequency fr and
anti-resonant at fr.  The network is terminated
at its paralleled end in @ second section of lin2 63
of the same length as the section 62, This ter-
minating lne section is included so that the net-
wark 61 will operate satisfactorily in parallel
with the network 68.

- The network 80 in the transmitter branch in-
cludes a section of line 64 which is approximate-
Iy an odd multiple of a quarter wave-length at
the receiver frequency The lenf’th of this line
sectmn is equal to :

(Zn—— 1)

'where AR is the wa,ve-length of the receivar fre— '

quency fr and 7 Is any integer. At one end the
line section 64 is shunted by an impedance
branch Z: which is resonant at the receiver fre-
quency fr and anti-resonant a* f;he transmltter
freqiency fr. )

Al its other end the hne section 64 is shunted
by an impedance-inverting line section §5 at the
distant end of which there is connected an im-~
pedance branch Z:. This branch has an im-
pedance characteristic. inverse to that of the
branch Zi, that is, Zz is resonant at the fre-
quency fr and anti-resonant at fr. As explained
above in connection with Pig. 16 the length I of
the line section 65 is S0 chosen that it is approx-
imately an odd multiple of a quarter wave-length
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at both of the frequenciés jr and fr. Due to the

impedance-inverting properties of the line see-
tion &5 the impedance seen at its terminals 68, 61
is the same as the impedance of the branch Z.
It is apparent, therefore, that the line section 6%

65

and its terminal impedance branch Z: may be -

substituted for the impedance branch Zi, and
vice versa. If the former is done all of the im-
pedances will be of the Z: type.  In some cases
this may lead to a less expensive pair of net-
works, as only one type of impedance need be de-
veloped. I is
verting line section terminated by an impedance
Zi may be substituted for each of the branches
Zz in the network 61 in the receiver branch. The

clear also that an impedance-in-

60

65

network 68 is terminafted at its paralleled end in

a section of line &8 of the same lengith as the line
secf;mn 643,

In the system of Fig. 20 it is preferaile that all

£ the line sections §2, 63, 84 and €8 have match-
ing characteristic impedances, and it is also de-
sirable that the fransmitter 56; the receiver §¥
and the antenna A have impedances which
watch the characteristic impedance of the. lines.
As explained above in connection with Fig. 19,

75

5

addmonal line ‘sections with their associated:
shunt branches may be added to the network 66
or the network &1, or £o both, in order to increase
the discrimination between the frequency to be
transmitted and the frequency to be attenuated.
The operation of the system shown in Fig. 20
may he summarized as follows. At the frans-
mitter frequency fr the impedance of each branch
Z2 is nearly zero and these branches provide, in
effect, short cireuits across the line at the points
of connection.- Because of the impedance-invert-
ing properties of the line section §5 a low im-
pedance connected ab its outer end will appear
at -the terminals 66, §7 as a2 high impedance.
Waves of the frequency fr from the transmitter
59 impressed upon the network 83 at the ferminals
65, 67 will therefore flow along the line section
64 and nob into the line section B5. ‘Since the
shunt branch Z; has a "high impedance -at ‘the
irequency fr the waves will flow past this branch’
and alcng the line section 68 to the terminals
38, E3. At this point the impedance looking
inte the network 6! will be high for these waves
because the line section 63 is terminated at the
terminals £9, 79 in g substantially zero impedance.
However, since the antenna A matches the line 68 .
in impedance, the transmitter signal will pass
Ireely to the antenna. A small amount of energy
of the frequency fr'will enter the ne twork &1 at
the terminals §8, 5¢ but at the ferminals 69, 70 it
encounters the high impedance of the Iine section

-62 whieh is shunted at its terminals Ti; 12 by a

low impedance at this. frequency. Most of . ﬁus
energy is therefore drained off by the low-im-
pedance shunt Zz connected across the terminals
88, 8. The small amount of energy that remains
will be largely drained off by the low-impedance
shunt Z» connected across the terminals T, 12,

Since the impedance Zi is low at the receiver
frequency - #e the impedance looking inte the
line section 8 at the terminals 58, 52 is high
at this freguency. Also, at fs the impedance of
the branches Z; is-high and the branches may bé
considered fo be open-cirecuited.
frequency fr picked up by the antenna and im-
pressed upon the terminals 53, 59 of ihe net-
work &f will therefore be blocked from entering
the network §¢ but will pass freely along the line
sections &3 and 62 fo the receiver 51, which
matches the line in impedance.

Noise energy of the frequency fr generated in
the transmitter 55 when it reaches the terminals
€6, 67 of the network 60 will encounter & high
impedance looking into the line section 54 and =
low impedance looking into the line section §3.
Much of this energy will therefore be drained of
through the shunt branch ab this point. The
small amount which passes along the line section
64 will be largely drained off by the shunt branch
Zi which has a4 low impedance at this frequency.
Thus noise of the frequeney fr originating in the
transmitier will not enier the network 61 and ean-
not intarfere thh the operation of the receiver:
51 s .

In Fig. 20 the two translation devices are shown
as a transmitter 56 and a receiver 57. It is fo be
understood, however, that both of these devices
may be transmitiers or they may both be re-
ceivers.: Furthermore, the number of translation

- devices associated with a common anienna is nob

limited to two, but may be extended to three or
more, all opergting at different frequencies. In
each transmission line eonnecting the antenna
with a translation device there will be included

Waves of the .
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a network, designed in accordance with the princi-
ples of the invention, which will pass the-fre~
quency of that device bub exclude all of the other
frequencies.. : :
What is claimed is: _ ‘

- LA frequsncy-selective wave transmission net-
work for attenuating waves of one frequency fi
while transmitting waves of a different-frequency
f2-comprising an impedance ‘branch -which in-
cludes two reastors connected in series, g third re-
sctor conneeted in shunt with- said two reactors,
and a fourth reactor connected in shunt with one
of said two reactors, said fourth reactor having
& reactance ab-the freguencies fi and f2 which

Is of cpposite sign fo the reactance of said other 15

three reactors at said frequencies and one of said
reactors heing-a section of transmission line:

2. A network in accordance with claim-1 in
which said fourth reactor has a positive reactance
at ihe frequencies f and fa. - o .

3.'A network in-accordance -with -claim 1 in
which said fourth reactor is a section of trans-
mission line, . ) . e
4. A network in accordance with claim. 1 in-

which said fourth reactoris a section-of trans- gs.

mission line short-cireuited at its-distant end,.

5. A network in accordance with claim -1 in
which said first three reactors have a positive
reactance ab the frequencies f1 and fa..

6. A-network in accordance-with claim 1 in 36~

which said first three -reactors have a positive

- reactance at the frequencies fi- and 2 and one of-

said three reactors is said section of transmission-
line. ) g

which said first- three reactors have a positive
reactance at the frequencies /1 and f2 and one-of
said two series-connected reactors is said sec-
tion of transmission line: : :

- 8. A network in accordance .with claim.1 in. 40

which sald fourth. reactor has.s-negative re--

5
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9. A network in accordance -with claim 1 -in
which -said -fourth reactor has-a negative -re~
actance at the frequencies f1 and f2 and -the re-
actor connected in shunt therewith is 3 secticn
of transmission line short-circuited at its distant
end. -

10. A metwork in accordance with claim. 1 in }
which szaid impedance branch- is- connected -inv
shunt, - o ) -

11. A network in accordance with claim -1'in-
which said impedance branch is resonant- at
the frequency 7: and -anti-resonant at the fre--
quency fa . ‘ . e

12. A frequency-selective wave transmissicn:
network eomprising an-impedance branch which.
includes two capacitors connected in - series, a
third capacitor connected in shunt with said two-
capacitors and a section of transmission line-
connected at one end across one of -said ‘two-
series-connected capacitors, said third capacitor-
having a capacitance value so chosen that- said:
section of transmission line may be made of con~

- venient physica} length.

7. A network in accordance with claim 1 in. 35

actance 2t the frequencies fi'and fz and the re~

actor connected in shunt therewith is said section -
of transmission line.. ‘ SR

13. A network in accordance with claim 12 in-
which said impedance branch is connected - in-
shunt. R o : : :

14. A network in accordance with claim 1% in -
which said section of transmission line is short-

-circuited ab its distant-end.-

5. A frequency-selective wave-treasmission:
network comprising an impedance braneh which:
inciudes two sections of transmission line con~
nected in tandem, 3 shunt capacitor cornected atb
the junction of said sections of line and an in-
ductor connected in shunt at the outer end of oné

‘of said sections of line.

16." A network in accordance with claim-15 in’
which the other of 'said sections of lineis shorts
circuited at its oufer end, ’ =

i7. A network in accordance with-claim 156! -
which said capacitor is varizble. .

: CLARENCE H. DAGNALL;

FELTE R R




