May 28, 1940. L M LEEDS 2,202,700

TRANSMISSION APPARATUS

- Filed May 7, 1937 : . 3 Sheets—Sheet 1

RECEIVING
EQUIPMENT

RECEIVING
EQUIPMENT

— RECEIVING
EQUIPMENT

Inventor:
Laurance M.Leeds,

by agwyc". DsiLliney

is’Attorney.

RECEIVING
EQUIPMENT




May 28, 1940. L. M. LEEDS 2,202,700

TRANSMISSION APPARATUS

Filed May 7, 1937 3 Sheets-Sheet 2
F‘ig.s.

! A

l'" —————— b4 s -

| ) [ i

! 7 |

7 .

N

2 jmm——— e =V !

\
—| RECEIVING
EQUIPMENT
Fi 3 6.
35
5 f
AR
45 I:
1
1
40 i
: |
’ l '
o5 P
N 1|78
I
$30 — T
. § " |
R !
Q- 1
[
g 20 /9 i
] T~a i |\ /INPUT REACTANCE MADE
3 ‘: ' ZERD AT 34.8 1M C.
"QJ 5 e T
2 — W,’ {
W /o L
1l
§ 5 rl i :
" I’ .| weur REACTANCE MADE
3 !‘ ' L/ ZERO AT 34 MC.
Q9 ’
N 7 AL -
3 ! I
3 il
-5 o
A | LOCUS OF MINIMUM ATTENUATION|
v I " T FOR INPUT REACTANCE = ZERO Y
=0 = ] T AT PARTICULAR PASS
I : FREQUENCIES .
—/5 O I SN N N U
30 K74 J# 35 38 40 92

FREQUENCY IN MEGACYCLES.

Imventor:
Laurance M. Leéds,

by K/Wé" jM«Z)A«

»His Attorney.



May 28, 1940._ L. M. LEEDS 2,202,700

TRANSMISSION APPARATUS
Filed May 7, 1937 3 Sheets—-Sheet 3

< 1
20 S
__________ it
S N
\\\ -
Fig.8. <<
A £ ~
A 4 or 00D
LESS .THAN 2= MULTIPLE THEREOF RECEIVING
EQUIFMENT
. [
. [
R O —
T . S ..
VN Z g Fig9.
’ ! d LESS THAN % EVEN MULTIPLE OF f,}

S RECEIVING LN &___.,k_____/___\_q
i EQUIPMENT : r : :
. T | | . Jy
Fig,0. 7 \
Fig . -
\

ELECTRICAL ' LESS THAN RESONANT LENGTH FOR ry i
OF MULTIPLE THERE OF t RECEIVING
EQUIPMENT

‘RECEIVING
EQUIPMENT

Fig!

A _ ¥l E
B ) : 4
7 S P '
S i ue
/ % .
“ rECEIVING I t .
EQUIPMENT nventor:

- Laurance M.Leeds,
b)/ \7(7/0447 &/QMZ-“’) ’

His' Attorney.



Patented May 28, 1940

UNITED STATES

2,202,700

PATENT OFFICE

2,202,700 )
TRANSMISSION APPARATUS

Laurance M. Leeds, Scotia, N. Y., assignor to
General Electric Company, a corporation of

New York

Application May 7, 1937, Serial No. 141,293

10 Claims.

This application is a continuation in part of
my application Serial No. 55,584, filed December
21, 1935, for Transmission apparatus.

My invention relates to short wave apparatus

5 and more particularly to frequency selective
transmission apparatus for operation at short
wave lengths.

One of the objects of my invention is to pro-
vide a short wave transmission system having an
improved band elimination characteristic.

A further object of my invention is to provide
such a system capable of efficiently transmitting
currents of -a desired frequency and of highly
attenuating currents of undesired frequency even
through the frequencies be spaced relatively close~
ly in the short wave range of the frequency spec-
trum. :

My invention is particularly adapted for use,
for example, in police communication systems for
efficiently separating oscillations to be received,
for example, in an automobile receiver, from
oscillations radiated from a transmitter at the
same time and from the same automobile and
which may be connected, for example, to the same
antenna. One range of frequencies commonly
employed for such communication extends ap-
proximately from thirty to forty-two megacycles.
Singce the receiver on a police automobile, or at a
Ppolice station, for simultaneous transmission and
reception must operate at a frequency different
from that at which the associated transmitter
operates, and since the frequency band is com-
paratively narrow, it is important that means be
associated with the receiver which will greatly
attenuate the transmitter frequency, In this way
the spacing between transmitted and received
frequencies may be reduced and the bard may be
more efficiently utilized. An object of my inven-
tion is to provide improved means for this pur-
pose. . v
The use of concentrated inductances and. ca~-
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pacitors connected in conventional frequency se- .

lective circuits is quite unsatisfactory for opera-

tion at short wave lengths because of excessive
4
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by reason of the high resistance of such circuit
elements at the frequencies involved. In addi-
tion stray inductance and capacity undesirably
affect the impedance values obtainable and thus
reduce the selectivity of the apparatus and in
general detract from the gquality of the filter
characteristic obtainable,

It has been found in accordance with my in-
vention that these difficulties are greatly reduced

5
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attenuation at the desired frequencies produced’

(C1. 250—9)

by the use of the standing wave transmission line
in the manner which I shall presently describe.
In transmission and receiving apparatus shown
and described in the above-mentioned applica-
tion, Serial No. 55,584, oscillations of an unde- -
sired frequency are impressed on a transmission
line, together with oscillations of desired fre-
quencies for reception by a receiving equipment.
Oscillations of the undesired frequency are fil-
tered from the receiving equipment, and desired 10
frequencies are efficiently received, by connect-
ing the receiving equipment to a point upon the
transmission line, which is preferably of the con-
centric type comprising an outer conducting tube
and a centrally disposed conductor, at which ex- 15
ists a nodal point of a standing wave of the
undesired frequency. The nodal points of the
standing waves of desired frequencies oceur at
points considerably displaced along the trans-
mission line from the corresponding nodal points
of the wave of undesired frequency, and, further,
at the nodal points of the undesired frequency
the amplitudes of oscillation of the desired fre-
quencies ‘are. of considerable magnitude. Ac-
cordingly, by connecting the receiving equipment
between the central conductor and the outer
conducting tube of the concentric transmission
line at one of the above-mentioned nodal points
of the undesired frequency, the latter frequency
is excluded from the receiving equipment whereas
oscillations of a desired frequency are received.
One of the objects of my present invention is
to effect certain improvements in the system of
my above-mentioned prior application whereby
the facility of employment of the system is in- 35
creased and its operating characteristics are im-
proved. One of these improvements relates to
the relations between the impedance of the re-
ceiver input and that of the transmission line.
In accordance with my present invention the re- 40
ceiver input impedance may be equal to the surge
impedance of the line. A further improvement
resides in means for reducing the reactive im-
pedance of the line thereby to reduce the attenu-
ation of the line or to render it actually negative.
The novel features which I believe to be char-
acteristic of my invention are set forth with par-
ticularity in the appended claims. My invention
itself, however, both as to its organization and
method of operation together with further ob-
jects and advantages thereof may best be under-
stood by reference to the following description
taken in connection with the accompanying draw-
ings.
Referring to the drawings, Figs. 1 to 4 illustrate
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systems incorporating standing wave transmis-
sion lines of different length, wherein the input
impedance of the receiving equipment is made
equal to the surge impedance of the transmission
line; Figs. 5 to 7 illustrate the use of tuning means
for reducing the attenuation of the desired ire-
quency; Figs. 8 to 10 illustrate the use of tuning
means to facilitate initial adjustment of the
transmission line; and Fig. 11 illustrates the use
of my invention in connection with a shortwave,
two-way radio system.

In Fig. 1 a section of a concentric transmis-
sion line is shown comprising an outer conduct-
ing tube { and an inner centrally disposed con-
ductor 2. If oscillations be impressed upon the
conducior 2 at the input end of the line, as indi-
cated at 8, a standing wave will be produced
upon the line having, as indicated by curve 4,
2 maximum at the opposite or free end of the line
since the transmission line is open circuited ab
that end, a minimum value at a point one-gquar-
ter of a wavelength of the impressed oscillations
from the free end, and a maximum value at a
half wavelength from the free end. As the curve
4 indicates an undesired frequency, the receiving
equipment is connected to the transmission line
at the- nodal point of the undesired wave, as
by conductors 8§, whereby, as described in the
above prior application, voltage of the undesired
frequency is substantially excluded from the re-
ceiving equipment but voliage of any other fre-
guency present may be received, for ezample,
desired frequencies indicated by curves g and
7, respectively lower and higher than the unde-
sired frequency. :

Instead of so arranging the receiving equip-
ment that the input impedance thereof has a
value of a very high order, approaching infinity,
in aeccordance with my Dresent invention the
equipment is so arranged that the input im-
pedarnce equals substantially the surge impedance
of the transmission line. It has been found that
by thus making the receiver input impedance
equal to the transmission line surge impedance,
the receiver voltage, i. e., the voltage of the wave
or waves of desired frequency, between the input
terminals 8 and the output terminals g of the
transmission line, is substantiaily constant, as
shown by the dotted line {9 forming the left-hand
continustion of curves § and 1, whereas when the
receiver input impedance is of the high value
above mentioned the receiver voltage varies in
value between the input and cutput points of
the transmission line. - . -

1t will ke seen that in operation of systems in
accordance with my invention, such as illustrated
in ¥ig. 1 for example, the standing wave 4 of
the undesired frequency is unaffected by making
the input impedance of the load circuit, whic
is represented by the receiving equipment, less
than the high value, approaching infinity, em-
ployed in the system disclosed in my above-
mentioned prior applicaticn. At the undesived
frequency, represented by curve 4, the impedance
of the line at the load circuit point is extremely
low, approaching zerc &s a iimit, and therefore
the shunting effect caused by the connection of
the load circuit, whose impedance is substantially
greater than the line impedance at the point 8,
does not disturb the standing wave pattern of the
wave of undesired frequency. Inthe present case,
in accordance with my invention, the load circuit
impedance is made substantially equal to the line
surge impedance. But for waves of other fre-
guency, such as the waves of desired frequencies
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g and 1, the line impedance at the point 8 is sub-

stantially greater than the line surge impedance, -

and the shunting effect of the load circuit, whose
impedance is substantially equal to the line surge
impedance, is very pronounced and, in fact, serves
a5 @ majched termination for the line section
between input 8 and load point §, resulting in
traveling waves hetween these two points for
waves of desired frequency. Beyond point 9,
however, standing waves of these other fre-
quencies occur, point 9 being in effect the inpub
point for standing waves in the section between
this point and the free end of the line. Thus, in
such systems as shown in Fig. 1, there are present
in the transmission line: a standing wave of the

10

15

undesired frequericy, this wave oceurring all along

the line between the input end and the free end:
thereof; traveling waves of the desired fre-

quencies, which occur between the input end and
the output point, or that point at which the load
represented by the recelving equipment is con-
nected; and standing waves of the desired fre-
quencies, which occur- between the output point
and the free end of the line. B

ig. 2 is similar to Fig. 1 with the exception
that the transmission line has a length equal
to a wavelength of the undesired frequency indi-
cated by curve if, this curve having two nodal
points and the receiving equipment being con-
nected preferably to the inner conductor 2 at
that nodal point, 12, which is one-quarter wave-
length of the undesired frequency from the input
end of the transmission line. The input imped-
ance of the receiving equipment being made equal,
as above explained, to the surge impedance oi
the transmission line, the receiver voltage, indi-
cated by dotted line i3, becomes constant; be=
tween the input and output terminals, for de~

sired frequencies, indicated by curves 14 and 18,.
which are respectively lower and higher than the .

undesired frequency.
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It will readily be seen that any transmission line .

arranged similarly to those illustrated in Figs.
1 and 2 and open circuited at the free end may
be empleyed which has a length equal to an even
multiple of cne-quarter wavelength of the wave
of undesired frequency.

45

In Figs. 3 and 4, instead of the open-circuited

transmission lines of Figs. 1 and 2, transmission
lines are illustrated which are short-circuited at
the free end by a conhection {6 between the inner

conductor and the outer conductor, nodal points.

in the latter transmission lines ocecurring  at
points spaced from-the short circuited end by
a hal? wavelength of the undesired wave or any
multiple thereof. -As in the system illustrated

50

55..

in Figs. 1 and 2, in the system of Figs. 3 and 4 the - -

receiver input impedance is made:equal to the
transmission line surge impedance, the receiver
voltage for desired frequencies thereby becoming
constant between the input and outpub terminals
of the transmission lines, It will be understood
that any short-circuited transmission line similar
to those of Tigs. 3 and 4 may he employed which
has a length equal to an odd multiple of one-
quarter wavelength of the wave of undesired
frequency. o . . o

In Fig. 5, which illustrates similarly, to Pig. 1,
2 half wave, open-circuited concentric transmis-
sion line filter, the receiving . eguipinent is ar-
ranged to receive a desired frequency, indicated
by curve 8, which is lower than the frequency of
the undesired wave, indicated by curve 4. The
transmission line input impedance or driving
point impedance is slightly jnductively reactive at
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the desired lower frequency 6. In order to tune
out or neutralize this inductive reactance I pro-
vide a capacitance element 17 connected in series
relation with the transmission line, as by connec-
tion between a terminal of the oscillator source
3 and the inner conductor 2. .

As illustrated in Fig. 6, assuming a certain
undesired or elimination frequency such as 35.8
megacycles, the full line curve 18 indicates the
attenuation for the case where the tuning is such
that the transmission line inductive reactance is
tuned out or made zero by capacitance i1 at a de-
sired or pass frequency, which the receiving
equipment is to receive, of 34.8 megacycles. It
will be seen that the attenuation at this given
desired frequency, 34.8 megacycles is reduced
nearly to zero, whereas in a similar system where-
in the inductive reactance of the transmission is
not tuned out, the attenuation of a desired fre-
quency similarly close to the undesired or elimi-
nation frequency is of appreciable magnitude.
Further, in Fig. 6, the dotted curve 19 indicates
the attenuation for the case where the tuning
Is such that the transmissicn line inductive re-
actance is tuned out by capacitance i7 at a pass
frequency of 34 megacycles. In the latter case
it will be seen that the attenuation of the wave of
desired or pass frequency is still less than in the
case of the 34.8 megacycle wave. The attenua-
tion, in the case of the 34 megacycle pass fre-
quency has, in fact, a negative value, which in-
dicates a transmission gain between oscillation
source 3 of Fig. 5 and the receiving equipment,
whereas in the system not provided with the
tuning capacitance 11, under the assumed con-
dition of undesired frequency 35.6 megacycles and
desired frequency 34 megacycles, an appreciable
positive attenuation of the desired frequency is

Ppresent, which indicates a transmission loss,

Referring to Fig. 7, the receiving equipment is
arranged to receive a desired frequency, indicated
by curve T of Fig. 7, which is higher than the
frequency -of the undesired wave, indicated by
curve 4. The reactance of the transmission line
at this desired higher frequency becomes capaci-
tive and is tuned out by an inductance element
20 instead of the capacitance. [7 of ig. 5. The
attenuation of desired frequencies close to the
undesired frequency then approaches close to Zero
or even becomes negative, similarly. to the cage
illustrated .in Figs. 5 and 6, where the desired
frequency is lower than the undesired frequency.

In tuning out the transmission. line reactance
at the desired frequency as above explained in
connection with Figs. 5 to 7 by means of the
series reactances {7 and 20, the peak attenustion
at the undesired or elimination frequency is un-
affected by the series reactances since the re-
sistive component of the transmission line input
impedance is very much higher in value than the
value of the series reactance required for the
tuning.

In Fig, 8, which illustrates open circuited con-
centric transmission line filters similar to those
illustrated in Figs. 1 and 2, in accordance with
my present invention in order to facilitate the
initial adjustment and tuning of the filter, the
input end thereof or the section thereof between
the input terminals 8 and the output terminals
9 is initially constructed of a physical length
slightly less than one-guarter of the wavelength
of the undesired frequency. 'The input imped-

-ance of the filter then exhibits inductive react-

ance, and to tune out or neutralize this reactance
a- capacitance 21 is provided in shunt with the

3

transmission line filter conductors at the input
end of the filter.

The transmission line flter arrangements il-
lustrated in Fig. 9 are the same in construction
and operation as those of Fig. 8 except that in
Fig. 9 the concentric line is of the short-circuited
type, having a connection, 16, at the free end of
the line, between the inner and outer conductors
similarly to the filters illustrated in Figs. 3 and 4.

In the filters illustrated in Fig. 10, the initial
adjustment is further facilitated by initially con-
structing the outer section. of the flter or that
section between the output terminals 9 and the
free end, or end opposite the input end, slightly
less in physical length than ohe-quarter wave-
length, or multiple thereof, of the wave of un-~
desired frequency, depending on the electrical
length of filter desired. The outer section then
being shorter than the resonant length for the
undesired frequency is built up to resonance by
means of a capacitance 22 connected between the
inner and outer conductois at the outer or free
end of the transmission line,

It has been discovered that the initial short-
ening and subsequent tuning of the filters in ac-
cordance with my present invention hag an added
advantage, in that, in certain cases the filter in-
but impedance is materially increased when the
line is thus shortened by certain small percent-
ages, with a consequent gain in efficiency of the
system.

Fig. 11 represents an application of my in-
vention to a two-way, short-wave radio system
and particularly to a system of this character
for use on a police automobile or at g police cen-
tral radio station. Oscillations of a frequency
to be received are impressed upon a transmission
line 23 of the standing wave type hereinabove
described, from an antenns 24, which in addi-
tion to its function as a receptor of radiant en-
eIgy may alsc act as the radiating element for
transmitting equipment g portion of which is
indicated at 25. The transmitting equipment
operates at a frequency different from that fre-
quency which it is desired to receive through the
transmission line. - Therefore the receiving equip-
ment is connected to the transmission line 23 at
& point 26 corresponding to a nodal point of volt-
age of the frequency at which the transmitting
equipment 2§ operates. In accordance with my
present invention, the input impedance of the
receiving equipment is made equal to the surge
impedance of the transmission line as described
in connection with Figs. 1 tg 4; the reactance
component of the input impedance of the trans-
mission line is preferably tuned out by a re-
actance, indicated by 21, in series in the trans-
mission line as described in conection with Figs.
5 to 7. The transmission line section 28 at the
input end thereof is preferably physically slightly
shorter than one-guarter of the wavelength at
which the antenna 24 operates, and is tuned, as
described In connection with Fig. 8, by a capac-
itance 28 shunted across the conductors of the
transmission line; and the outer section 30 of the
transmission line, between the output terminals
31 and the free end 2% or end opposite to the in-
but end 83, is preferahly’ slightly less in physical
length than required for resonance for the wave-
length ‘at which the antenna operates, and is
built up to resonance by a capacitance 84 con-
nected across the conductors of the transmission
line at the free end 32 as deseribed in connection
with Fig. 10, :

5

10

16

20

25

30

35

40

45

50

56

60

65

70

It will be understood that the transmission 75



10

15

20

30

35

40

45

50

55

60

65

70

4
line 23 has an input impedance at the antenna
end which is high as compared with the im-
pedance of the antenna which might be utilized
at 28 in the wave band above referred to. The
transmission line input impedance may be of the
order of several thousand ohms, for example as
high as twenty thousand ohms, whereas the im-
pedance of the antenna, utilized upon an auto-
mobile, for example, is only a relatively few ohms.
This wide difference in the line input impedance
and the antenna impedance aids materially in
eliminating from the receiving equipment the
transmitted wave. Since the power transmitted
from the transmitter equipment 25 divides be-
tween the antenna 24 and the transmission line
23 in inverse proportion to these impedances, it is,
therefore, but a negligibly small portion of the
transmitted power which penetrates the trans-
mission line. It will be understood further that
where the receiver input impedance is substan-
tially equal to the line surge impedance, the
filter input impedance is substantially equal to
its surge impedance over the range of frequencies
for which reception is desired. ‘When applied,
for example, to a police comrnunication system as
illustrated in Fig. 1i, reflection losses, which
would occur if the filter input impedance were
not matched to the antenna impedance, are obvi-
ated.

It has been found that the equipment in ac-
cordance with my present invention operates to
exclude undesired frequencies, at short waves
for example, with still greater efficiency than the
similar equipment shown and deseribed in my
above-mentioned prior application. That is, the
present equipment has a still more desirable
band elimination characteristic. When operating
in the 30 to 42 megacycle pand with equipment
in accordance with my present inveniion adapted
for police operation, osciliations radiated by a
transmitter mounted on the sutomobile carry-
ing the equipment were almost completely elini~
inated from the radio receiver by use of my in-
vention although the irequency which it was de-
sired to receive was spaced somewhat less than
one megacycle from the frequency at which the
transmitter operated. By use of my present in-
vention even considerably closer spacing than the
spacing last mentioned may be used while still
almost entirely eliminating from the receiver the
csciliations of the transmitter frequency.

Also the present invention, wherein the re-
ceiver input impedance is made equal to the filter
surge impedance and the filter input reactance
is tuned out at the receiver frequency, gives a
much more desirable pass characteristic, and al-
lows reception at a greater distance than hereto-
sore. In fact, it has been found as & result of
comparative tests in the operation of radio
equipped police cars, that with the car at a cer-
tain distance from the central radio station,
signals between car and station were scarcely
sudible or entirely inaudible when the radio sys-
tem was operated without the improvements in
accordance with my present invention. When,
however, with the car at the above distance from
the station, the radio equipinent was so con-
nected and adjusted as to cause the concentric
transmission line filter to operate as hereinabove
described, the signals became st once not only
audible but markedly strong.

While I have shown particular embodiments of
my invention for purposes of illustration it will
pe understood that I do not wish to be limited
thereto since different modifications may be made

2,202,700

without departing from the spirit and scope of
1wy invention, and I contemplate by the appended
claims to cover any such modifications as -fall
within the true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In combination, a source of oscillations hav-
ing a desired frequency and an undesired fre-

quency, a transmission line, a load device, means.
to connect said source to said line at one end ¢

thereof to have waves of each of said frequencies
impressed thereon and to, cause standing waves
of ‘said undesired frequency to exist throughout
the length of said line, and means to connect said

load device to said line at a nodal point of said -

standing waves, said load device having an npus
impedance substantially egual to the surge im-

10

pedance of said line, whereby only a traveling

wave of said desired frequency exists on the por-
tion of said line between said end of said line

20

and the point of connection thereto of said load .

device. E

2. In combination, a source of oscillations hav-
ing a desired frequency and an undesired -fre-
quency, a transmission line, a load device, means
to connect said source to said line at one ‘end
thereof to have waves of each of said frequencies
impressed thereon and to cause standing waves
of said undesired frequency to exist throughout
the length of said line, and means to connect said
load device to said line at a nodal point of said
standing waves, said load device having an input
impedance substantially equal to the surge imped-
ance of said line, whereby only a traveling wave
of said desired frequency exists throughout the
section of said line between the points of connec-
tion thereto of said source and said load device,
and only a standing wave of said desired fre-
quency exists on said line between said point. of
connection thereto of said load device and the end
of said line opposite to said first-named end.

3. In combination, a source of oscillations hav-
ing a desired frequency and an undesired fre-
quency, a standing wave transmission line, means
to connect said line to said source to have waves

26

30

-3t

4t

4

of each of said frequencies impressed on said line, -

the standing wave of said undesired frequency

having at least one node of voltage at a point at
which the wave of desired frequency has substan=
tial voltage, receiving equipment having an input
impedance substantially equal to the surge imped-
ance of said line, and means to connect said
receiving equipment between the conductors of
said line where a node of voltage of said undesired
frequency exists.

4. In a signal system comprising a source of
oscillations having a desired frequency and an
undesired frequency, and receiving equipment
adapted to receive said desired frequency, a

standing wave transmission line, means to con-

nect said line to said source to have waves of each
of said fregquencies impressed on said line, the
standing wave -of said undesired frequency hav-=
ing at least one node of voltage at a point at

which the standing wave of desired frequency.

has substantial voliage, said receiving equipment
having an input impedance substantially equal to
the surge impedance of said line, means to con-
nect said receiving equipment between the con-

ductors of said line where a node of voltage of °

said undesired frequency exists, and reactance
means in series with said line and said source to
neutralize the reactance of said line at said de-
sired frequency.

5. In a signal system comprising a source of

]

.
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oscillations having a desired frequency. and an
undesired frequency, and receiving equipment
adapted to receive said desired frequency, a
standing wave transmission line having .input
terminals and output terminals, means to con-
nect said source to said input terminals, means to
connect said equipment to said output terminals,
said receiving equipment having an input imped-
ance substantially equal to the surge impedance
of said line, said output terminals being located
at a point of said line which is separated from the

_free end of said line by an electrical distance
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equal to a predetermined number of quarter-
wave-lengths .of said undesired frequency, the

physical length of the section of said line between '

the said input terminals and said output ter-
minals being slightly less than one-quarter of the
wavelength of said undesired frequency whereby
the input impedance of said line exhibits reac-
tance, and means including a reactance in shunt
with said line at the input end thereof to cause

said section to have an electrical length equal to

one-quarter the wavelength of said undesired fre-
quency. .

6. In a signal system comprising a source of
oscillations having a desired frequency and an
undesired frequency, and receiving equipment
adapted to receive said desired frequency, a
standing wave transmission line having input

-terminals and output terminals, means to con-

nect said source to said inputi terminals and to
connect said equipment to said output terminals,
said receiving equipment having an input imped-
ance substantially equal to the surge impedance
of said line, the free end of said line being open-
circuited, the physical length of the section of
said line between said output terminals and said
free end of said line being slightly less than the
length: of one-quarter of the wave of undesired
frequency times an odd number whereby said
section is of less than resonant length at said un-
desired frequency, and means including a capaci-
tance connected between the conductors of said

line at said free end thereof to build up said

section to resonance at said undesired. frequency.

7. In a short wave signal system including a
short wave antenna, a transmitter connectéd
thereto, and a receiving equipment, a standing
wave transmission line, means to connect said
line to said antenna to impress between the two
conductors of said line at the end thereof adja-
cent said antenna oscillations of the wave-length
at which said transmitter is adapted to operate
and oscillations of a wavelength slightly different
from said first-named wavelength, means to ex-
cite on said transmission line standing waves of
each of said wavelengths and to produce on said
line a node of voltage of said first-named wave-
length, said receiving equipment being adapted
to operate at said second-named wavelength and
having an input impedance substantially equal to
the surge impedance of said line; and means to
connect said equipment to said line at the point
thereof where exists said node of voltage.

8. In a short wave signal system including a
short wave antenna, a -transmitter connected
thereto, and a receiving equipment, a standing
wave transmission line, means to connect said
line to said antenna to impress between the two
conductors of said line at the end thereof ad-
jacent said antenna oscillations of the wave-

5

length at which said transmitter is adapted to
operate and oscillations of a wavelength slightly
different from said first-named wavelength, the
standing wave of said first-hamed frequency hav-
ing a node of voltage at a point of said line at
which the standing wave of said second-named
frequency has substantial voltage, said receiving
equipment heing adapted to operate at said sec-
ond-named frequency and having an input im-
pedance substantially equal to the surge imped-
ance of said line, means to connect said equip-
ment between said conductors where said node of
voltage exists, and reactance means in series with
one of said cenductors to neutralize the reactance
of said line at said second-named frequency.

9. In a short wave signal system including a
short wave antenna, a fransmitter connected
thereto, and a. receiving equipment, a standing
wave transmission line, means to connect said
line to said antenna to impress between the two
conductors of said line at the end thereof ad-
jacent said antenna oscillations of the wave-
length at which said transmitter is adapted to
operate and oscillations 'of a wavelength slightly
different from said frst-named wavelength, said
receiving equipment being adapted to operate at
said second-named frequency and having an in-

. put-impedance substantially equal to the surge

impedance of said line, means to connect said

“equipment to. said line at a point thereof spaced

from said end by a distance slightly less than
one-quarter of the wavelength of said first-named
frequency whereby the input impedance of said
line exhibits inductive reactance, said point being

separated from the free end of said line by an -
electrical distance equal to a predetermined num-

ber of quarter-wave-lengths of said. undesired
frequency, and means including a capacitance
connected between said conductors at said end
of said line to neutralize said reactance,

10. In a short wave signal system including
a short wave antenna, a transmitter connected
thereto, and-a receiving equipment, a standing
wave transmission line, means to connect said
line to said antenna to impress between the two
conductors of said line at the end thereof adja-
cent said antenna oscillations of the wavelength
at which said transmitter is adapted to operate

. and oscillations of a wavelength slightly different

from said first-named wavelength, the waves of
said first-named frequency having a node of volt-
age at a point of said line at which the wave of
said second-named frequency has a substantial
voltage, said receiving equipment being adapted
to operate at said second-named frequency and
having an input impedance substantially equal
to the surge impedance of said line, the free end
of said line being open circuited, means to con-
nect said equipment to said line between said
conductors where said node of voltage exists,
the physical length of said line between said
point and the free end of said line being slightly
less than the length of one-gquarter the wave of
said first-named frequency times ah odd number
whereby said section is of less than resonant
length at said first-named frequency, and means
including a capacitance connected between the
conductors of said line at said free end thereof
to build up said section to resonance at said
first-named frequency.
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