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This invention relates broadly to the art 
of radio engineering and more particularly 
to all cases where a compensating circuit ar 
rangement is required such as is in use for 
the suppression of an interfering signal in 
the reception of radio signals, or for any 
other circuit systems in which a differential 
or compensating action of currents of a dis 
tinct frequency is to take place. 
In carrying out my invention I provide a 

circuit arrangement embodying two circuit 
paths in order to transmit currents from an 
input circuit to an output circuit and Iren 
der these circuit paths transparent to the 
currents of the frequency which is to be neu 
tralized in the associated output circuit pref 
erably by introducing into one of these cir 
cuit paths an “acceptor' circuit tuned to 
such particular frequency and therefore pre 
senting Zero impedance for same, so that 
currents of this frequency will be delivered 
at substantially equal magnitude to the out 
put circuit associated equally with both cir 
cuit paths. By virtue of this relation of the 
circuit paths to the associated output circuit 
being so arranged as to have the currents in 
the latter oppose each other the resulting ef 
fect in the associated circuit for currents of 
such frequency will be zero. It follows, 
therefore, that for all currents of a frequency 
other than that to which the mentioned ac 
ceptor circuit is tuned to, the latter presents 
an effect equivalent to that of a large im 
pedance and consequently prevents currents 
of all frequencies other than the resonant fre 
quency of the acceptor circuit to pass thrut 
only one of said circuit paths. The neutral 
izing effect of these frequencies in the asso 
ciated common circuit is therefore rendered 
ineffective, only the resonant frequency of 
the acceptor circuit being substantially neu 
tralized in the associated output circuit. 
The circuit arrangement according to my 

invention presents special advantages more 
fully hereinafter explained. 
When effecting a compensating or neu 

tralizing action with direct currents, such as 
is the case e.g. with differentially wound re 
lays and the like it is only necessary for the 
two currents flowing thru the two differen 

tially wound windings to have the same mag 
nitude i. e. the same number of amperes in 
Order to neutralize their actions upon a cur 
rent sensitive device e.g. the armature of the 
relay. When dealing with alternating or 
oscillating currents in compensating circuits 
a further condition is to be fulfilled to satisfy 
to this end in that, to obtain complete neu 
tralizing effect, the two compensating cur 
rents besides having equal amplitudes, must 
always have a phase difference of 180°. 
There are known means to change the phase 
of radio currents and so satisfy this condition, 
but these means are troublesome and in most 
cases inaccurate and they make necessary re 
adjustments when passing from one working 
wave length to another one. This method, 
therefore, can not be used in radio circuits, 
in which a constant change of frequency or 
tuning is required. It is, therefore, a special 
advantage of the novel circuit arrangement 
in accordance with my invention, that phase 
adjustments may be entirely dispensed with. 
For, the acceptor circuit introduced into one 
of the compensating circuit paths presents 
Zero impedance to the current of its resonant 
frequency, it being therefore not necessary 
to introduce a phase shifting device into the 
other circuit path for balancing purposes. 
The currents have only to be adjusted to equal 
amplitudes as is the case when dealing with 
direct current systems. 
My invention finds particular application 

in radio receiving systems, where it is desired 
to suppress one or more undesired interfer 
ing signal frequencies, but it may be of use 
too in transmitting systems, e.g. for Sup 
pressing undesired harmonics and thus pre 
venting them from being radiated and caus 
ing interference in receivers. It may be em 
ployed too for the suppression of the carrier 
frequency in so-called single side band wire 
less telephone transmission systems with car 
rier suppression. Another application of 
the circuit arrangement according to my in 
vention is to serve in a wave meter acting by 
a so-called “null' method as will be herein 
after more fully set forth. 
My invention will be better understood by 

the following detailed description taken with 
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reference to the accompanying drawings of 
which Fig. 1 is a wiring diagram showing the 
general principle of the subject matter of the 
invention, and of which, Fig. 2 is a schematic diagram showing a 
radio receiving system intended to eliminate 
an interfering signal and having for this pur 
pose the circuit arrangement of my invention 
incorporated in it, and . . . . . v. 

Fig. 3 shows another embodiment of my in 
vention in a transmitting system with the cir 
cuit arrangement of my invention associated 
therewith for the suppression of the carrier 
frequency for single side-band telephone sys 
tems with carrier suppression. 

Referring more particularly to the diagram 

20 
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illustrated in Fig. 1, 8 and 9 are the input 
and 10 and 11 the output terminals of a radio 
circuit system of any kind in which it is de 
sired to prevent currents of a distinct fre 
quency to be transmitted from the input cir 
cuit at 8, 9 to the output circuit at 10, 11. 
For this purpose two compensating circuit 
paths are provided each containing a self 
inductance 1 and 2 respectively symmetri 
cally arranged which are coupled in opposite 
relationship by coils 3 and 4 respectively to 
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the associated output circuit connected at the 
output terminals 10 and 11 so as to produce 
opposite effects therein. Into one of the cur 
rent paths there is introduced an “acceptor' 

35 

circuit consisting of a self-induction coil 5 
in series with a capacity 6 and tuned to the 
frequency of the current which is to be sup 
pressed. As this acceptor circuit has for the 
currents of its resonant frequency an effect 
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justed as to be equal to the resistance caused 

do 

equivalent to zero impedance, the balancing 
conditions for such current are maintained 
and the neutralizing effect in the associated 
circuit rendered effective. The circuit path 
containing the acceptor circuit 5, 6 presents 
to the current of its resonant frequency a 
short-circuit whereas for currents of differ 
ing frequencies the effect of it is that of a 
comparatively large impedance. The bal 
ancing conditions of such frequencies are, 
therefore, annulled so that they are trans 
mitted to the output circuit with normal strength. 
When dealing with practical circuits the 

acceptor circuit does not present complete 
Zero resistance to its resonant frequency, but 
there is always left its ohmic resistance and 
according to another feature of my invention 
compensate for this residual resistance by 

introducing into the other circuit path a 
variable resistance 7, whose value is so ad 

by the losses in the acceptor circuit 5, 6. 
It is thus possible to obtain a complete neu 
tralizing effect with respect to currents of 
the undesired frequency, all other frequen 

65 
cies being transferred into the associated cir 
ctit. As the acceptor circuit 5, 6 presents 
only ohmic resistance to its resonant fre 
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quency, only a balancing by an ohmic resist 
ance 7 is necessary such as is the case with 
direct current systems and laborious phase 
shifting operations are avoided. 

Referring to Fig. 2 of the drawings the 
novel feature of my invention is shown incor 
porated in a radio receiving system, in which 
an interfering signal is to be prevented from 
entering the receiver, such as is the case with 
radio plants on ships, where sending and re 
ceiving aerials are necessarily arranged close 
together and where for simultaneous trans 
mitting and receiving the receiver must be 
protected against the strong interfering sig 
nals of the transmitter. The circuit ar 
rangement forming the subject matter of 
my invention may be of use too when receiv 
ing distant broadcasting stations in the 
neighborhood of a local station and in other 
like cases. The wiring diagram represented 
by Figure 2 only differs from Figure 1 in that 
at the branching points a and b a receiving 
antenna-earth system 12, 13 is connected 
forming thus an input circuit. All other ref 
erence characters similar to that used in Fig 
tire 1 refer to equivalent elements. At the 
output terminals 10, 11 a well-known am 
plifying or detecting system for the signal 
frequency may be connected, e.g. there may 
be associated an oscillatory circuit tuned to 
the signal frequency which influences the 
grid of a three-electrode discharge device 
acting as detector or amplifier in combina 
tion with further devices to obtain an am plified signal which is finally supplied to a 
translating device. But as this is out of the 
Scope of the present invention a further de 
scription may be dispensed with. 
When employing a system according to 

Figure 2 also simultaneous transmitting and 
receiving with the same aerial may be car 
ried out, it being only necessary to connect 
the transmitting apparatus outside the com 
pensating circuit i.e. outside the points a 
and b. If two or more undesired frequencies 
are to be suppressed, the compensating cir 
cuit arrangement just described may be em 
ployed in successive stages. In this case, in 
stead of a receiver, there is to be connected 
at the output terminals 10 and 11 a second 
compensating arrangement analogous to the 
first one and having its individual acceptor 
circuit tuned to another frequency which is 
to be prevented from being transmitted to 
the receiver. 
When carrying into practice a circuit ar 

rangement in accordance with my invention 
the coils 1, 2, 3 and 4 are preferably to be 
constructed in the form of a differential 
transformer. The coils 3 and 4 may also be dispensed with and the output or receiving 
circuit may then be connected at the points 
g and dinstead of at the terminals 10 and 
11. The latter method is equivalent to a con 
ductive coupling of the output circuit in 
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stead of an inductive one as is the case in 
Figs. 1 and 2. The effect is in both cases 
the same. - 

Referring to Fig. 3 of the drawings a trans 
mitting wiring diagram is shown intended 
for the suppression of the carrier frequency 
in radio telephony and having to this end 
the circuit arrangement of my invention in 
corporated in it. It has already been pro 
posed when transmitting modulated radio 
frequency currents particularly in carrier 
telephony with or without a wire in which 
besides the carrier frequency there exist, two 
frequency bands more or less large and ly 

; ing symmetrically with respect to the cal 
rier frequency, to prevent the latter from 
being transmitted and thus transmit only 
the two or only one of the side-frequency 
bands. This makes it necessary to a dil at 
the receiving end the carrier frequency 
afresh by means of a small local oscillator 
in order to obtain an intelligible signal. One 
advantage of this method consists in that by 
the suppression of the carrier frequency its 
energy is applied on the side bands, and the 
secrecy of the signal with respect to lin 
authorized persons is increased it being only 
possible to get an intelligible signal for the 
person who is able to add the right carrier 
frequency. A further advantage when work 
ing with one side band only is the possibility 
of more stations being allowed to work with 
in one given range of wave lengths, and 
especially when working on longer waves, 
of the farthest side frequencies not being 
chopped off in the sharply tuned receiver. 
By employing a circuit arrangerinent as pro 
posed by my invention the carrier frequency 
may be suppressed in an effective and vers' 
easy way. Reference characters in Fig. 3 the 
same as those in Figs. 1 and 2 refer to equiva 
lent elements. The circuit is shovy in with in 
antenna-earth system coliprising the intenna 
14, a loading coil 15, the differential coi's 
3 and 4 in accordance with the invaiti; in 
and the earth connection 16, the antein: cir 
cuit forming thus the output systern of the 
compensating circuit arrangement. The in 
put circuit is an intermediate circuit con 
sisting of a capacity 17 and a coil 18 coupled 
to an oscillation generating apparatins 25 
of any kind connected to the terminal of the 
coupling coil 19. 20 is a magnetic antifier 
with its high-frequency winding 21 insarted 
into the input circuit 17, 18. The controlling 
winding 22 is supplied by a local direct cit'- 
rent source 23 in series with a microphole 
24 to modulate the radio currents in accord 
ance with speech oscillations. 
The acceptor circuit 5, 6 in this case is 

tuned to the frequency of the carrier cir 
Sistai 

tially equal to those underlying the operation 
according to Figures 1 and 2. - 

In order to render the neutralizing ar 

S 

'angelinent very selective the damping facto!' 
of the acceptor circuit is to be given a value 
as low as Ossible which may be accomplished 
by making the self-inductance 5 quite large 
and by making the capacity 6 small. 
Another application of the compensating 

circuit arrangement of by invention is that 
of Serving as a wave meter as will be de 
scribed more fully hereinafter it being slf 
ficient for simplicity's sake to refer to Fig. 1. 
The method ordinarily used in wireless 

engineering for indicating or measuring 
wave lengths is a Scd on the well-known res 
onance pilenomena in oscillating current cir 
cuits. In order to indicate the wave length 
of an oscillation produced by a generator or 
transmitted by an anteia, an oscillatory 
circuit having as low a damping coefficient 
as possible is coupled to Osely to the generator 
or to the antenna respectively. If the natural 
frequency of this osciliatory measuring cir 
cuit is rendered 'esonant to the frequency 
to be measured by means of adjustable tun 
ing lineans, a maximilm of current flow is 
established in it. When ol serving this max 
in in current by Heans of a suitable volt 
meter ol' impere-imeter the wave length may 
be calculated and if the measuring circuit 
is calibrated in advance the wave length may 
be read instantly. For an accurate determina 
tion of the wave length according to this 
resonance principle which as for accuracy 
depends tip on the sharpness of the peak of 
the resonance curve, it is necessary for the 
measuring circuit to have as low a day 
ing factor as possible and to be in loose 
coupling with the circuit whose current is 
to be measured. These conditions, in prac 
tice lay only be fulfilled to a certain extent. 

In employing the circuit, arrangement of 
my investion I may obviate these inconveni 
ences by connecting the circuit containing the 
citri'ent whose frequency is to be determined 
at the input terminals 8, 9 of the circuit, ar 
rangement, and by connecting at the output 
terminal 10 and 11 a current indicating de 
vice M. Then I change the natural frequency 
of the acceptor circuit 5, 6 gradually by mak 
ing the variable condenser 6 and tapping the 
inductange at several points such as shown at 
5, till the indicating device at 10, 11 does not 
sht) w any reading and remains at Zero. As 
will be readily seen the natural frequency of 
the acceptor circuit 5, 6 is then equal to the 
frequency of the current to be measured. The 
coin densei may be calibrated directly in wave 
lengths so that a direct reading may be car 
ried out. AS is seen this method is a so 
'alled “null” method possessing as every 
“null' lethod the advantage of high sensi 
tiveness, it being possible to employ very 
highly sensitive indicating instruments. The 
resistance 7 has not to be adjusted afresh for 
each new position of the condenser, but is 
only to be given Several constant values cor 
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responding to the tapped portions of the self 
inductance 5. For, the ohmic resistance, of the 
acceptor circuit, when employing an air con 
denser, is mainly constituted by the resist 
ance of the self-inductance. This method has 
a further advantage over the above mentioned 
resonance method in that the coupling be 
tween measuring circuit and the generator, 
whose wave length is to be determined, may 
be rendered close at will. The indicating cir 
cuit is to be protected against being directly 
influenced by the generator circuit, e. g. by 
shielding it electrostatically. - 
As the current in the indicating circuit as 

sumes a considerable value by the slightest 
detuning of the frequency to be indicated 
with respect to the frequency to which the ac 
ceptor circuit is tuned, the arrangement may 
serve as a control device of a Wave length 
which is to be held at a constant value, e.g. 
that of the wave length transmitted by an 
aerial in a transmitting station. 
According to another feature of my inven 

tion it enables the determination and measur 
25 ing of higher harmonics in wireless circuits 

to be readily carried out. The known radio 
frequency generating systems such as vacuum 
tube transmitters, Poulsen arc transmitter or 
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smaller magnitude. 
known as higher harmonics and side frequen 

machine transmitters produce besides the 
fundamental signaling frequency other fre 
quencies being more or less distant from the 
signaling frequency and having considerably 

These frequencies are 

cies. They are in most cases very undesired 
and present difficulties in the determination 
of their magnitude and wave length. When 
using an ordinary wavemeter in the neighbor 
hood of a strong transmitter, it would absorb 
such a quantity of current of the fundamental 
frequency that it would be impossible to dis 
cern the weaker higher harmonics and a reso 
nance curve plotted in accordance with read 
ings would only show the conditions of the 
fundamental and would not show the consid 
erably weaker higher harmonics. Only by 
very accurately measuring and plotting the 
curve would the higher harmonics be indi 
cated in the resonance by small elevations. 
But in this case, too, there could not be ob 
tained a direct and exact measuring of their 
magnitude the influence of the fundamental 
being so strong as to allow only a rough ap 
preciation of their relative strength. When 
employing an arrangement according to my 
invention the disturbing fundamental fre: 
quency may be neutralized and prevented 
from passing into the Wavemeter, whereby the 
measuring of the harmonics in the latter may 
now be easily carried out. Referring to the 
general wiring diagram of Fig. 1, the circuit 
containing the higher harmonics to be meas 
ured is connected at the input terminals 8 and 
9, whereas the output terminals 10, 11 lead to 
a normal wavemeter. The rejector circuit 5, 

justments. 
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6 is tuned to the fundamental frequency 
which is accordingly neutralized in the wave 
meter circuit, thereby only the higher har 
monics to be allowed to pass into the Wave 
meter circuit where they can now easily be 
indicated. . . . 

The principle of operation of my invention 
has been already discussed, but it might be 
pointed out that the broad operating princi 
ple is that I provide two compensating cir 
cuit paths equally and oppositely associated 
with a circuit to produce opposite effects 
therein and introduce into one of these cir 
cuit paths an acceptor circuit tuned to the 
frequency of the current which is to be neu 
tralized. A balancing ohmic resistance equal 
to the resistance caused by the losses in the 
acceptor circuit is inserted into the other cir 
cuit path. Thereby a neutralization of cur 
rents of undesired frequencies may be car 
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fied out entirely independent of phase ad 
While I have described my invention in 

certain specific embodiments, it will be under 
stood that intend no limitations other than 
are imposed by the scope of the appended 
claims. - .. . . . 

Having this described my invention, what 
claim and desire to secure-by Letters Patent 

of the United States is: 
1. The combination in a radio circuit ar 

rangement of the character described of an 
output circuit, an input circuit having two 
circuit paths that are in equal and opposite 
coupling relationship to said output circuit 
to produce opposite effects therein, only one 
of said circuits being a tuned circuit and com 
prising an acceptor circuit introduced into 
one of said circuit paths and tuned to the 
frequency of the current to be neutralized in 
the output circuit. 

2. The combination in 

output circuit, an input circuit having two 
circuit paths that are in equal and opposite 
coupling relationship to the output circuit 
to produce opposite effects therein, an ac 
ceptor circuit introduced into one of said 
circuit paths and tuned to the frequency of 
the current to be neutralized in the output 
circuit, and an ohmic resistance equivalent 
to the resistance caused by iOSSes of said ac 
ceptor circuit introduced into the other one 
of said circuit paths. * 

3. The combination in a radio circuit, ar 
rangement of the character described of an 
output circuit, an input circuit having two 
circuit paths that are in equal and opposite 
coupling relationship to the output circuit 
to produce opposite effects therein, only one 
of said circuits being a tuned circuit and 
comprising an acceptor circuit having a com 
paratively small capacity and a relatively 
large inductance introduced into one of said 
circuit paths and tuned to the frequency of 

a radio circuit ar 
angement of the character described of an 
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the current it is desired to be neutralized in 
the output circuit. 

4. The combination in a radio circuit ar 
rangement of the character described of an 
output circuit, an input circuit having two 
circuit paths that are in equal and opposite 
coupling relationship to said output circuit 
to produce opposite effects therein, an ac 
ceptor circuit having a comparatively Small 
capacity and a relatively large inductance in 
troduced into one of said circuit paths and 
tuned to the frequency of the current it is 
desired to be neutralized in the output cir 
cuit, and an ohmic resistance equivalent to 
the resistance caused by losses of said ac 
ceptor circuit introduced into the other of 
said circuit paths. 

5. The combination in a radio circuit ar 
rangement of the character described of an 
output circuit having an induction coil there 
in, an input circuit having two circuit paths 
containing symmetrically arranged coupling 
coils coupled oppositely to said induction coil 
to produce opposite effects in the output cir 
cuit, an acceptor circuit introduced into one 
of said circuit paths and tuned to the fre 
quency of the current to be neutralized in the 
output circuit, and an ohmic resistance equiv 
alent to the resistance caused by losses of said 
acceptor circuit introduced into the other 
one of said circuit paths. 

6. The combination in a radio circuit ar 
rangement of the character described of an 
input circuit having two circuit paths, an 
output circuit connected at points of equal 
potential of said circuit paths to have E. 
duced opposite effects in it by current flow 
ing thru said circuit paths, an acceptor cir'- 
cuit introduced into one of said circuit paths 
and tuned to the frequency of the current to 
be neutralized in the output circuit, and an 
ohmic resistance equivalent to the resistance 
caused by losses of said acceptor circuit in 
troduced into the other one of said circuit 
paths. 

7. The combination in a radio telephone 
transmission system with carrier suppression 
of an antenna circuit, an input circuit that is 
supplied by high-frequency oscillations 
modulated in accordance with speech cur 
rents to be transmitted and having two cir 
cuit paths in equal and opposite coupling 
relationship to said antenna circuit to pro 
duce opposite effects therein, an acceptor cir 
cuit, introduced into one of said circuit paths 
and tuned to the carrier frequency employed 
for the transmission, and an ohmic resistance 
equivalent to the resistance caused by losses 
of said acceptor circuit introduced into the 
other one of said circuit paths. 

8. The combination in an electric carrier 
suppression communication system of a trans 
mitting circuit, an input circuit, means for 
applying carrier current oscillations modul 
lated in accordance with signal currents to 

5 

be transmitted to said input circuit, two cir 
cuit paths connected to said input circuit and 
coupled in equal and opposite relationship 
to said transmitting circuit, to produce op 
posite effects therein and an acceptor circuit 
connected in the first of said circuit paths 
and tuned to the frequency of said carrier 
currents employed for the transmission. 

9. The combination in an electric carrier 
Suppression communication system of a trans 
mitting circuit, an input circuit means for 
applying carrier current oscillations modul 
lated in accordance with signal currents to be 
transmitted to said input circuit, two circuit 
paths connected to said input circuit and 
coupled in equal and opposite relationship 
to said transmitting circuit to produce op 
posite effects therein, an acceptor circuit con 
nected in the first of said circuit paths and 
tuned to the frequency of said carrier cur 
rents employed for the transmission, and an 
ohmic resistance equivalent to the resistance 
of said acceptor circuit connected into the 
other one of said circuit paths. 

10. The combination with a carrier sup 
pression communication system of the char 
acter described of a transmitting circuit, an 
input circuit, means for applying carrier cur 
rent modulated in accordance with signal 
currents to be transmitted to said input cir 
cuit, two circuit paths connected to said input 
circuit and coupled in equal and opposite re 
lationship to said transmitting circuit, such 
transmission system being connected at points 
of equal potential in said circuit paths to 
have produced opposite effects in it by cur 
l'ents flowing through said circuit paths, and 
an acceptor circuit connected in one of said 
circuit paths and tuned to the carrier fre 
quency employed for the transmission. 

11. The combination with a carrier sup 
pression communication system of the char 
acter described, of a transmitting circuit, an 
input circuit, means for applying carrier cur 
rents modulated in accordance with signal 
currents to be transmitted to said input cir 
cuit, two circuit paths, said transmission sys 
tem being connected at points of equal po 
tential in said circuit paths whereby opposite 
effects are produced in said system by cur 
rents flowing through said circuit path, an 
acceptor circuit connected in one of said cir 
cuit paths and tuned to the carrier frequency 
employed for the transmission and an ohmic 
resistance equivalent to the resistance caused 
by loss of such acceptor circuit connected in 
the other one of Said circuit paths. 

12. Means for eliminating undesired fre 
quencies in a radio transmitting system com 
prising a source of modulated currents, an 
acceptor circuit connected to said source 
which is resonant to the frequency of said 
undesired frequency to be eliminated, a sec 
ond circuit connected to said source, an an 
tenna circuit, and means for impressing upon 
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the antenna electromotive forces derived 
from both of said circuits to produce oppo 
site effects therein. . . . - 

13. Means for eliminating disturbing ef 
fects in a radio transmitting system compris 
ing a source of modulated carrier currents, an 
acceptor circuit connected to said source which 
is resonant to the frequency of the disturbing 

EI). 

3) 

4th 
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effect to be eliminated, a second circuit con 
nected to said source, the resistance of the acceptor circuit being substantially equal to 
the resistance of the second circuit, an an 
tenna circuit and means for impressing upon 
the antenna electromotive forces derived from 
both of said circuits to produce opposite ef 
fects therein. . . . 

14. A transmitting system for radio signals 
comprising a source of modulated carrier cur 
rents, and means for deriving from said 
source and impressing upon a transmitting 
circuit two radio frequency electromotive 
forces of equal intensity and opposite sign 
produced by undesired waves of definite fre 
quency in said modulated currents, said means 
being arranged to impress upon the transmit 
ting circuit, two electromotive forces pro 
duced in said source by desired signaling cur 
rents and which will addin the transmitting 
circuit. . . . . - 

15. Means for eliminating undesired fre 
quencies in a radio transmitting system com 
prising a Source of modulated currents, an ac 
ceptor circuit connected to said source which 
is resonant to the undesired frequency to be 
eliminated, a second circuit connected to said 
source which comprises pure ohmic resistance, 
an antenna circuit and means for impressing 
upon the antenna electromotive forces derived 
from both of said circuits to produce opposite 
effects therein. . . . 

16. Means for eliminating undesired fre 
quencies in a radio transmitting system com 
prising a source of modulated carrier cur 
rents, an acceptor circuit connected to said 
source which is resonant to the undesired fre 
quency to be eliminated, a second circuit 
which comprises pure ohmic resistance con 
nected to said source, the resistance of the 
acceptor circuit being substantially equal to 
the resistance of the second circuit, an antenna 
circuit and means for impressing upon the 
antenna electromotive forces derived from 
both of said circuits. 

5 3. 
In testimony whereof I have affixed my 

signature. . . . . . . . . . 

WILHELMSCHEPPMANN. 
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