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

Application May 7, 1937, Serial No. 141,293 
0 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 

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. 
Since the receiver on a police automobile, or at a 
police 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 band may be 
more efficiently utilized. An object of my inven 
tion is to provide improved means for this pur 
pose. 

The use of Concentrated inductances and ca 
pacitors connected in conventional frequency se 
lective circuits is quite unsatisfactory for opera 
tion at short Wave lengths because of excessive 
attenuation at the desired frequencies produced 
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 quality of the filter 
characteristic obtainable. 

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

(C. 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 
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 
ists a nodal point of a standing wave of the 
undesired frequency. The nodal points of the 
standing waves of desired frequencies occur 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 
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 
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 chair 

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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2 
Systems incorporating standing Wave transmis 
sion lines of different length, wherein the input 
inapedance 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 fre 
quency; Figs. 8 to i0 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 in pressed upon the 
conductor 2 at the input end of the line, as indi 
cated at 3, a Standing Wave Will be produced 
upon the line having, as indicated by curve 4, 
a maximum at the opposite or free end of the line 
since the transmission line is open circuited at 
that end, a minimum value at a point one-quar 
ter of a wavelength of the impressed oscillations 
froika the free end, and a maximum Value at a 
half wavelength from the free end. As the curve 
8 indicates an undesired frequency, the receiving 
equipment is connected to the transmission line 
at the nodal point of the undesired Wave, as 
by conductor's S, whereby, as described in the 
above prior application, voltage of the undesired 
frequency is substantially excluded from the re 
ceiving equipment but voltage of any other fre 
quency present Inay be received, for example, 
desired frequencies indicated by curves 3 and 
5, respectively lower and higher than the unde 
sired frequency. 

instead of so arranging the receiving equip 
ment that the input impedance thei'eof has a 
value of a very high order, approaching infinity, 
in accordance with my present inveintion the 
equipment is So arranged that the input in 
pedance 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 ine 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 9 of the 
transmission line, is substantially constant, as 
shown by the dotted line i) forming the left-hand 
continuation of curves 6 and 7, whereas when the 
receiver input impedance is of the high Value 
above mentioned the receiver voltage varies in 
value between the input and output points of 
the transmission line. 

It will be seen that in operation of Systems in 
accordance with my invention, such as illustrated 
in Fig. 1 for example, the standing Wave of 
the undesired frequency is unaffected by making 
the input impedance of the load circuit, Which 
is represented by the receiving equipment, less 
than the high value, approaching infinity, en 
ployed in the system disclosed in my above 
mentioned prior application. At the undesired 
frequency, represented by curve 4, the in pedance 
of the line at the load circuit point is extremely 
low, approaching zero as a limit, 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 9, 
does not disturb the standing Wave pattern of the 
Wave of undesired frequency. In the 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 
quency, such as the waves of desired frequencies 
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6 and 7, the line impedance at the point 9 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 
as a matched termination for the line Section 
between input 3 and load point 9, resulting in 
traveling Waves between 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 input 
point for standing waves in the section between 
this point and the free end of the line. Thus, in 
such Systeins as shown in Fig. 1, there are present 
in the transmission line: a standing wave of the 

0. 

5 
undesired frequency, this wave occurring all along 
the line between the input end and the free end. 

the desired fre thereof; traveling waves of 
quencies, which occur between the input end and 
the output point, or that point at Which the load 
represented by the receiving 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. 

Fig. 2 is similar to Fig. 1 with the exception 
that the transmission iine has a length equal 
to a wavelength of the undesired frequency indi 
cated by curve . , this curve having two nodal 
points and the receiving equipment being con 
nected preferably to the inner. conductor 2 at 
that nodal point, 2, 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 of 
the transmission line, the receiver Voltage, indi 
cated by dotted line 3, becomes Constant, be-, 
tween the input and output terminals, for de 
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sired frequencies, indicated by curves 4 and 5, 
which are respectively lower and higher than the 
undesired frequency. 

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 erid may 
be employed which has a length equal to an even 
multiple of Cne-quarter wavelength of the wave 
of undesired frequency. 
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 connection 6 between the inner 
conductor and the Outer conductor, nodal points 
in the latter transmission lines occurring at 
points spaced from the short circuited end by 
a half wavelength of the undesired Wave or any 
multiple thereof. As in the system illustrated 
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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 output terminals 
of the transmission lines. It will be understood 
that any short-circuited transmission line similar 
to those of Figs. 3 and 4 may be employed which 
has a length equal to an odd multiple of one 
quarter wavelength of the wave of undesired 
frequency. 

In Fig. 5, which illustrates similarly, to Fig. 1, 
a half wave, open-circuited concentric transmis 
Sion line filter, the receiving ... equipment is air 
ranged to receive a desired frequency, indicated 
by curve 6, 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 inductively 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 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 35.6 
megacycles, the full line curve 8 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 7 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 9 indicates 
the attenuation for the case where the tuning 
is Such that the transmission line inductive re 
actance is tuned out by capacitance f 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 17, 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 
present, which indicates a transmission loSS. 

Referring to Fig. 7, the receiving equipment is 
arranged to receive a desired frequency, indicated 
by curve 7 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. of Fig. 5. The 
attenuation of desired frequencies close to the 
undesired frequency then approaches close to Zero 
or even becomes negative, similarly to the case 
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 it and 20, the peak attenuation 
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-quarter 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 2 f is provided in shunt with the 

3 
transmission line filter conductors at the input 
end of the filter. 
The transmission line filter 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, 6, 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 filter or that 
section between the output terminals 9 and the 
free end, or end opposite the input end, slightly 
less in physical length than one-quarter Wave 
length, or nultiple 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 Conductors 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 has an added 
advantage, in that, in certain cases the filter in 
put 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 Systein of this character 
for use on a police automobile or at a 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, fronn an antenna, 2, which in addi 
tion to its function as a receptor of radiant en 
ergy may also act as the radiating element for 
transmitting equipment a portion of which is 
indicated at 25. The transnaitting 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 
a point 26 corresponding to a nodal point of volt 
age of the frequency at which the transmitting 
equipment 25 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 to 4; the reactance 
component of the input impedance of the trans 
mission line is preferably tuned out by a re 
actance, indicated by 27, 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-quarter of the wavelength at 
Which the antenna, 24 operates, and is tuned, as 
described in connection with Fig. 8, by a capac 
itance 29 shunted across the conductors of the 
transmission line; and the outer section 30 of the 
transmission line, between the output terminals 
3 and the free end 32 or end opposite to the in 
put end S3, is preferably 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 34 con 
nected across the conductors of the transmission 
line at the free end 32 as described in connection 
with Fig. 10. 

It Will be understood that the transmission 
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4. 
line 23 has an input inpedance at the antenna, 
end which is high as compared with the im 
pedance of the antenna, which might be utilized 
at 24 in the wave band above referred to. The 
transmission line input impedalice may be of the 
order of several thousand ohins, for example as 
high as twenty thousand ohms, whereas the in 
pedance of the antenna, utilized upon an auto 
imobile, 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 23 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 communication system as 
illustrated in Fig. 11, reflection losses, which 
Would occur if the filter input in pedance were 
not matched to the antenna inpedance, 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 described in my 
above-linentioned prior application. That is, the 
present equipment has a still more desirable 
band elimination characteristic. When operating 
in the 30 to 42 megacycle band with equipment 
in accordance with my present invention adapted 
for police operation, oscillations radiated by a 
transmitter mounted on the automobile carry 
ing the equipment were almost completely elim 
inated from the radio receiver by use of my in 
vention although the frequency which it was de 
sired to receive Was Spaced Somewhat less than 
one megacycle from the frequency at Winich the 
transmitter operated. By use of inly presert in 
vention even considerably closer Spacing than the 
spacing last mentioned may be used While still 
airnost 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 in pedance and the filter input reactance 
is tuned out at the receiver frequency, gives a 
nuch more desirable pass characteristic, and al 
lows reception at a greater distance than hereto 
fore. In fact, it has been found as a 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 ca" and Station Were Scarcely 
audible or entirely inaudible When the radio sys 
tem was operated without the inprovements in 
accordance with my present invention. When, 
however, with the car at the above distance from 
the station, the radio equipilent was so con 
nected and adjusted as to cause the concentric 
transmission line filter to operate as hereinabove 
described, the signals became at once not only 
audible but markedly strong. 
While I have shown particular enbodirnents of 

my invention for purposes of illustration it will 
be understood that I do not wish to be limited 
thereto since different modifications may be made 
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Without departing from the spirit and scope of 
ry 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 input 
in pedance Substantially equal to the surge in 
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 i20 
and the point of connection thereto of said load 
device. 

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 

25 

3. 

Ast 

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 frequencies 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 Voltage, 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 input 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 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 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 
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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-named 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 being adapted to operate at said Sec 
Old-nanned frequency and having an input in 
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 conductors to neutralize the reactance 
of said line at said second-na Iyed frequency. 

9. In a short Wave signal Systein 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 
length at which said transmitter is adapted to 
Operate and oscillations of a wavelength slightly 
different from said first-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-qualiter 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 
be 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 
WaWe transnission 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-quarter the Wave of 
said first-named frequency times an 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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